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

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

[ 00021 A Nd- Fe-B based sintered magnet (so-called neodym um magnet) is nade

of a conbination of iron and el egent d B that are inexpensive,
abundant, and stably obtainable gﬁﬁ@gﬁéﬂlﬁgﬁces and can thus be

manuf actured at a | ow cost and additionally has high nmagnetic properties
(its maxi num energy product is about 10 tines that of ferritic nagnet).
Accordingly, the Nd-Fe-B bapggARNEN eirsaRgye been used in various

kinds of articles such as electronic devices and have recently cone to be

adopted in notors and METHOD O MANUFATTURIMG SAMErs. (00031 On the
ot her hand, since the Curie tenperature of the above-described sintered

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

sintered net _sorre,tidxs rises in tenperature beyond a predeterm ned
t enper at ur &f@é‘é‘%ﬁiiﬁ’i@l the circunstances of service of the product to be

enpl oyed apg (bgerefore that it will be demagnetized by heat when heated
beyond t he et er mi ned tenperature. In using the 1 above-descri bed
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manufacturing the permanent magnet, and more particularly relates to a
permanent magnet having high magnetic properties in which Dy and/or Tb
1s diffused into grain boundary phase of a Nd-Fe-B based sintered magnet,
and to a method of manufacturing the permanent magnet.

[Background Art]
[0002]

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

[0003]

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

heat when heated beyond the predetermined temperature. In using the



I's then another problemin that this fabrication gives rise to defects
(cracks and the like) and strains to the grains of the sintered magnet,
resulting in a remarkable deterioration in the nmagnetic properties. 10004]
Therefore, when the Nd-Fe-B sintered magnet is obtained, it is considered
to add Dy and Tb which largely inprove the grain magnetic ani sotropy of
princi pal phase because they have nagnetic anisotropy of 4f-electron |arger
than that of Nd and because they have a negative Stevens factor simlar to
Nd. However, since Dy and Th take a feryipmagnetism structure having a spin
ori ent at i 8hovesdesarined; yntersd wagRet imadesired \preduct, theye ake easesivehene nei pal
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surface of the Nd-Fe-B sintered nagnet; then to execute Eeat treatnment at a
pr edet er nréradrkghipelcté ogitianth tige itdgmeby gropegisncously diffuse the Dy and
Tb that have been deposited (fornmed into thin film on the surface into the
grain bounH?;ﬂQA)phase of the magnet (see non-patent docunent 1). [0006] The
per manent magn%{:6 nianuf actur?ﬁ1 in.the above-descri bed nethod . has an,

advant age in tkarefopecathen gheaNd He B ﬁmI%‘%ﬁifﬁﬁgn?hengPgF#ineﬁodﬁdlﬁry phase
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4f-electron larger than that of Nd and because they have a negative Stevens
factor similar to Nd. However, since Dy and Tb take a ferrimagnetism
structure having a spin orientation negative to that of Nd in the crystal
lattice of the principal phase, the strength of magnetic field, accordingly the
maximum energy product exhibiting the magnetic properties is extremely
reduced.
[0005]

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

[0006]

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

surfaces, the nucleation type of coercive force generation mechanism is



docunent 1 that a magnet can be obtained having a performance, e.g., of the
remanent flux density: 14.5 kG (1.45 T), maxi num energy product: 50 M3Ce
(400 kJ/ nB), and coercive force: 23 kCe (3 MM m). [Non-patent docunent 1]

| mprovenent of coercivity on thin Nd2Fel4dB sintered permanent nmagnets (by
Pak Kite of Tohoku University, Doctor Thesis, March 23, 2000) [Di sclosure
of the Invention] [Problens to be Solved by the Invention] [0007] By the
way, since a Nd-Fe-B based sintered magnet has rare-earth elenents and iron
as its chief C%Ppos[tion, it is susceptible to oxidation when exposed to
the at nospiensthengdes asea rpsulipbhe corystve fage pp deamatiallyy impravedsiagd i nt o
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there is peRhRAGhETIUD demdityt et 51 kGUST.AD P), 0GRSSEMEN Camdiely Peodwer fsor med in
a short tine and that the magnetic properties cannot be ‘efficiently

i nproved MGOed40@ kddim3Aand ®ekeive doxcel 23 kec@Mei/ughl e, prior to the
adhesion of Dy and/or  Tb to the surface of the sintered magnet, to clean

the surfacENer patentidecement nhlndmmyvemsstwigoereivily anpthisndgBesBat i ng

apparatus for generating Ar or He pl f a kpo construction, This
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t hereby rgsulti i rkability. [0008] Therefore, in view of the

above- des ?‘Pﬁ@dﬁg"gfﬁ@g}?%@om}rst object of this inventionis to provide a

met hod of @%j&%}gbfﬂ% PRSI nt magnet in 3 which Dy and/or Th adhered
a

to the surtface of the sintered magnet can be efficiently diffused into the
grai n bounfie¥ablé¥aase barBblived biithe Iaveatisahent

[0007]

By the way, since a Nd-Fe-B based sintered magnet has rare-earth
elements and iron as its chief composition, it is susceptible to oxidation
when exposed to the atmosphere. In case the above-described processing of
diffusion into the grain boundary phase is executed after Dy and/or Tb has
been adhered to the surface of the sintered magnet in a state of oxidation on
the surface of the sintered magnet, the diffusion of Dy and/or Tb into the
grain boundary phase is hindered by the surface oxidation layer. As a
result, there is a problem in that the diffusion processing cannot be
performed in a short time and that the magnetic properties cannot be
efficiently improved or recovered. As a solution, it is conceivable, prior to
the adhesion of Dy and/or Tb to the surface of the sintered magnet, to clean
the surface of the sintered magnet by plasma by using a plasma generating
apparatus for generating Ar or He plasma of a known construction. This
solution, however, will result in an increase in the manufacturing steps,
thereby resulting in poor workability.

[0008]
Therefore, in view of the above-described points, a first object of this

invention is to provide a method of manufacturing a permanent magnet in



magnet wi th high magnetic properties can be manufactured at high
productivity. A second object of this invention is to provide a pernanent
magnet in which Dy and/or Tb is efficiently diffused only into the grain
boundary phase of Nd-Fe-B based sintered magnet, the pernmanent magnet

havi ng hi gh magnetic properties. [Means for Solving the Problens] [0009] In
order to solve the above-descri bed problens, the nethod of manufacturing a
per manent magnet according to claim 1l conprises: heating iron-boron-rare

earth based .sintered,mgnet disposed in procgessing chanber to a
predeternﬁ&@@t@hﬁé‘ﬁéﬁu -aqherg e tgr they sw: aé@/@%&flﬁtﬁlﬁli?reﬁa@f@gpﬂ candifosed in
a sane or ot her ocessi.ng,chanbe t he evaporatin majerial _conprising a
v de cSRRIH GRERSTERPE RS hyubinTHBRE Rh 8 wHRh LhEmfarRt
evaporat i el -ed SHr eLof ' r et; and
di ffusi ng%}t g\}tlgllnsh%f}p%rylggﬂglgrpircﬁ)egpﬁtglhé@lgdhgrg%}&efegﬂgg%gt ?ﬁg terial
into a grarsdRARAEIAT VA RBEGE] @bjdchfsthié eheshtidgnstto pld@ddl peaRAREMY tO
this invention, evaporated evaporating naterial is supplied to the surface
of the si magred mpgriath tDatadder BEens kéhtiedtlyodiffisedporlyeirtontie grain
tenperature and gets adhered thereto. At that time, by heating the sintered
magnet tobphadashpbase of Ndifeylihased rintered magnetothe sesnyirfemisnagnetel oci ty
can be obi?gi ned,.the netal atons.of Dy and/or Tb of the evaporating

mat er i al Nrehig BetGIIgRertifSe gradually diffused into the grain

boundary p f ' ngt. In other words, the supply of the
net al aton@ﬁ%ﬁnggbéﬁgyg#g%ﬁé?%Opﬁgnétrface of the sintered nmagnet and the
di ffusion {hesgpf into the grain boundary phase of the sintered nmagnet are
performed 1n a single processing (vacuum vapor 4 processing). [00111

In order to solve the above-described problems, the method of
manufacturing a permanent magnet according to claim 1 comprises: heating
iron-boron-rare earth based sintered magnet disposed in a processing
chamber to a predetermined temperature; evaporating an evaporating
material disposed in a same or another processing chamber, the evaporating
material comprising a hydride containing at least one of Dy and Th; causing
the evaporated evaporating material to be adhered to a surface of the
sintered magnet; and diffusing metal atoms of Dy and/or Tb of the adhered
evaporating material into a grain boundary phase of the sintered magnet.

[0010]

According to this invention, evaporated evaporating material is
supplied to the surface of the sintered magnet that has been heated to the
predetermined temperature and gets adhered thereto. At that time, by
heating the sintered magnet to the temperature at which the most
appropriate diffusion velocity can be obtained, the metal atoms of Dy and/or
Th of the evaporating material adhered to the surface are gradually diffused
into the grain boundary phase of the sintered magnet. In other words, the
supply of the metal atoms of Dy and/or Tb to the surface of the sintered
magnet and the diffusion thereof into the grain boundary phase of the

sintered magnet are performed in a single processing (vacuum vapor



In this case, as an evaporating material, there was used a hydride
containing at |east one of Dy and Th. Therefore, when the evaporating

mat eri al was caused to be evaporated, the dissociated hydrogen is supplied
to the surface of the sintered magnet and reacts with the oxidized | ayer on
the surface so as to be discharged as a conpound such as H2O. The oxi di zed
| ayer on the surface of the sintered magnet can thus be renoved and
cleaned. As a result, the prior step of cleaning the surface of the

si ntered magnet, bgcones unnecessary prior to the supply of Dy and/or Thb to
t he surf aBPBPEFSIEE sintered magnet, thereby inmproving the productivity. In
addi tion, ﬁﬁg@gse the surface oxidized |ayer of the sintered nmagnet is
renoved, i ones possible to efficiently di ffuse and honobgeneously
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in which the grain boundary phasé has Dy-rich and/or Tb-rich phase (the

phase conheiteriay ws enubedrtoTbe ienapteatedgeheolissociatifibhydragenhiscsupphedand/ or
Tb has been spread only near the surface of the grains; and which,
consequent¢ yhe susfage fof gheataredanhgnetcand dehitghwithgre pxidizeshlayerem | n
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t he sint ere magnet and t e evaporating terial sposed at a d| st ance
from eachsimbRAT mabhed bedblass e eB¥RRALY Pirid? Lot upPly of DBV aRQLARMKo t he

nelted 5 evaporating material can advant ageousl y be prevented fromgetting
adher ed dthestifact of the sintetred enagmenehereby improving the productivity. In
addition, because the surface oxidized layer of the sintered magnet is
removed, it becomes possible to efficiently diffuse and homogeneously
spread Dy and/or Tb in a short period of time into the grain boundary phase
of the sintered magnet, thereby further improving the productivity.
[0012]

According to this configuration, there can be obtained a permanent
magnet: in which the grain boundary phase has Dy-rich and/or Th-rich
phase (the phase containing Dy and/or Th in the rage of 5 ~ 80%); in which
Dy and/or Tb has been spread only near the surface of the grains; and which,
consequently, has a high coercive force and high magnetic properties. In
addition, in case there have occurred defects {cracks) in the grains near the
surface of the sintered magnet at the time of fabrication thereof, Dy-rich
and/or Th-rich phase is formed on the inside of the cracks and, as a result,
the magnetization intensity and the coercive force can be recovered.

[0013]
At the time of the above-described processing, preferably the sintered

magnet and the evaporating material are disposed at a distance from each

other. Then, when the evaporating material is evaporated, the melted



(0014] Preferably, preferably the method further conprises: increasing or
decreasi ng an anount of evaporation at a certain tenperature by varying a
specific surface area of the evaporating material disposed in the processing
chanber, whereby an anount of supply of the evaporated evaporating nmateri al
to the surface of the sintered magnet is adjusted. In this case, if an

adj ustnent is nmade of the anount of supply of the evaporating material to
the surface of the sintered nagnet so that a thin film(layer), e.g., of the
evaporating material is not formeq, the surface conditions, of the pernanent
magnet wi PYaRRadingstatenial ycamcadyantageonslys depapisventade BBy el i bed

processi ng 4 s cut.ed, e syrface of the permanent magnet nmanufactured is
t hus prevgﬂbﬁ@%ﬁ%ﬁ?t&mgﬂ%s Eercfg}aﬁng " (the surface roughness is

prevent ed (wﬂugetti ng poor). In addition, Dy and/or Tb can be restrained
fromgettihg excessively diffused into the grains particularly near the

surface of therafdhBlyetprefér®ly @Hed MthbBa FlrtHER coRfPriseH: BihckSasih8adK I ed,
wher eby hi gher productivity can be attained. In addition, the anobunt of

suppl y, edgcreasing he aaneymt af evigporationi &t a icorthfive tempeageurefbst heryiagni er ed
magnet can be easily adjusted w thout changing the configuration of the
appar at us speaific surfage mreai ofi thg evapopatiagenptariali dispdsed hre the presssising
chanber in order tq i ncrease or decrease {he anmount of supply of the
evapor at i RBAWRREEr WhereBy 7 %W&‘ée(’fgﬁupﬁ fnthe &yapa . eFRPALILING f t he
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intensity and the coercive force can further be inproved or recovered.
evaporating material is not formed, the surface conditions of the permanent
magnet will be substantially the same as those before the above-described
processing is executed. The surface of the permanent magnet
manufactured is thus prevented from getting deteriorated (the surface
roughness is prevented from getting poor). In addition, Dy and/or Tb can
be restrained from getting excessively diffused into the grains particularly
near the surface of the sintered magnet, and no particular post step is
required, whereby higher productivity can be attained. In addition, the
amount of supply, e.g., of the evaporating material to the surface of the
sintered magnet can be easily adjusted without changing the configuration
of the apparatus such as by providing a separate part inside the processing
chamber in order to increase or decrease the amount of supply of the
evaporating material to the surface of the sintered magnet.
[0015]
If the method further comprises, after having diffused the metal atoms
of Dy and/or Tb into the grain boundary phase of the sintered magnet,
executing heat treatment to remove strains of the permanent magnet at a

predetermined temperature lower than the said temperature, there can be

obtained a permanent magnet of high magnetic properties in which the



[0016] The nethod preferably further conprises, further conprising, after
havi ng di ffused netal atons of Dy and/or Th into the grain boundary phase

of the sintered nagnet, cutting the sintered nagnet into a predeterm ned

t hi ckness in a direction perpendicular to the magnetic alignment direction.
According to this configuration, as conpared with the case in which: a
sintered magnet of bl ock form having predeterm ned dinensions is cut into a
plurality of thin pieces; are then disposed in this state in the processing
chanmber; and are thereafter subjected to the above-descri bed vacuum vapor
processi nipagnesizagionnintensidy aarrfij thetcoprcive dercgrenne farthgr deaimprovet ehe
sintered ma net(fan be performed in a shorter tine and the prior

prepar at i 8#PVFEt%-per f or mi ng t he above-described vacuum vapor processing
becones eagbgﬁg t hereby inproving the productivity. [0017] 1In this case, if
t he sintered gnet is cut by a wire cutter and the like into the desired

shape, there g AKBSIVPRIBrMIACHTIRGC ebmpPideBe f@FtRedScolbiisihar £dhe ,
princi pal phase on the surface of the sintered nagnet, whereby the magnetic

properti ehagirgg diffmveldaileyaldeioid of Byethd/bloWevieito thdgraiebothdgryt pRase
above-descri bed vacuum vapor processing, since the grain boundary phase has
Dy-ri ch phfshe amdterad tthagnet, utiDg ihe dintéxskhagyey into a peedsermbmadhood of
the grains,, the magnetic properties can be prevented fromgetti ng

det er i or atbigknesn1n p diectien perpendigalido the mugsehsnlignment ditegtione

i nt d .1 nt . pl lity.of thi [ Nt t.step...Conbi ned
v th the feterding e kBisf pARERuTALioh b eoRBAGR Wil Ch8, R ity ibich A b
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I ron-boron-rare
chamber; and are thereafter subjected to the above-described vacuum vapor
processing, the taking into, and out of the processing chamber of the
sintered magnet can be performed in a shorter time and the prior
preparations for performing the above-described vacuum vapor processing
becomes easier, thereby improving the productivity.
[0017]

In this case, if the sintered magnet is cut by a wire cutter and the like
into the desired shape, there are cases where cracks occur in the grains
which are the principal phase on the surface of the sintered magnet,
whereby the magnetic properties are remarkably deteriorated. However,
by executing the above-described vacuum vapor processing, since the grain
boundary phase has Dy-rich phase and further since Dy is diffused only in
the neighborhood of the grains, the magnetic properties can be prevented
from getting deteriorated even if the permanent magnet is obtained by
cutting the sintered magnet into a plurality of thin pieces in the post step.
Combined with the fact that the finish machining is not necessary, there can
be obtained a permanent magnet of high magnetic properties which is
superior in productivity.

{0018]



earth based sintered magnet disposed in a processing chanber is heated to a
predeterm ned tenperature; that an evaporating material disposed in a sane
or anot her processing chanber is heated to evaporate the evaporating
material conprising a hydride containing at | east one of Dy and Tbh; that the
evapor at ed evaporating material is caused to be adhered to a surface of the
sintered magnet; and that netal atons of Dy and/or Th of the adhered
evaporating material are diffused into a grain boundary phase of the
sintered magnet. [Effects of the Invrntion] (0019] .As descri bed

her ei nabove, THEthaImRRKE, dn ﬁ&iﬁxf s sohvendhe Puvgapeshlemga dhet Peaarening to
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sintered magnet.
[Effects of the Invention]
[0019]
As described hereinabove, the method of manufacturing a permanent
magnet according to this invention has an effect in that there can be
obtained a permanent magnet in which, without the prior step of removing
the oxidized layer on the surface of the sintered magnet, Dy and/or Th can
be efficiently diffused into the grain boundary phase, the permanent magnet
havign high productivity and high magnetic properties.
[Best Mode for Carrying Out the Invention]
[0020]
With reference to FIGS. 1 and 2, a permanent magnet M of the present
invention is manufactured by simultaneously executing a series of processes
(vacuum vapor processing) of' evaporating an evaporating material v
containing at least one of Dy and Th; causing the evaporated material v to
be adhered to a surface of a Nd-Fe-B based sintered magnet S that has been
fabricated to a predetermined shape; and diffusing metal atoms of Dy and/or
Tb of the adhered evaporating material into the grain boundary phase

homogeneously and penetrated.

foo21]



formul ated at a predetermned ratio of conposition to first manufacture an
alloy of 0.05 nm- 0.5 nmby the known strip casting nethod. Alternatively,
an alloy having a thickness of about 5 mm may be rmanufactured by the known
centrifugal casting nmethod. A small anmount of Cu, Zr, Dy, Th, Al or Ga may
be added therein during the formulation. Then, the manufactured alloy is
once ground by the known hydrogen grinding process and subsequently finely
ground by the jet-m Il fine grinding process, thereby obtaining alloy raw

meal powder. bsequentl.y, by the known cqQnpression-nol di ng machj ne, the
all oy raw neaﬁli‘ﬁom&g]r'ﬂ?ﬁ @P‘i‘t@ﬁ?‘gd magRefe Hagifet Ac $HaEhae( n’ﬁ'&ﬁ%‘tlﬁi:allﬁ y
aligned) and is mol ded ina tallic nold into arpredet exm pe hape such
as a rect %W%Fturﬁgr f|@188’isg§&ac ?%%,mgﬁgoihemaselsaﬁ%f’ &ﬁcejl?@a? %r, is
sintered | + L4 . - | i ntered
o1t er e, WBGIRN SR o EANULRTR PaBEKLARLHERIGIE AV FraipasEied sl 1 o
the knownallbybiof comss imnadded). 50 nime B} | the ravewkaktRpWegstinkt métheaef er abl e
to optimze the conditions in each of the steps of nmanufacturing the

si ntered ddgrantiSelysoahhailoyhéhaveag gr ahickdieasreofralafutt e minnt erayd begnet S
falls within the range of 4 m- 8 m According to this configuration,

wi t hout berarufachireddnce bpowheentefugadicastinganethod: hel sinalleareguntighet S,
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by the known compression-molding machine, the alloy raw meal powder is

oriented in the magnetic field (magnetically aligned) and is molded in a

metallic mold into a predetermined shape such as a rectangular

parallelepiped, column, and the like and, thereafter, is sintered under given

conditions to manufacture the above-described sintered magnet.

[0022]
In compression-molding the alloy raw meal powder, in case the known

lubricant is added to the alloy raw meal powder, it is preferable to optimize

the conditions in each of the steps of manufacturing the sintered magnet S

so that the mean grain diameter of the sintered magnet S falls within the

range of 4 pum ~ 8 um. According to this configuration, without being

influenced by the residual carbon in the sintered magnet S, Dy and/or Th

adhered to the surface of the sintered magnet can be efficiently diffused into

the grain boundary phase, thereby attaining high productivity.

[0023]
In this case, if the mean grain diameter is smaller than 4 pm, a
permanent magnet having a high coercive force can be obtained due to the

diffusion of Dy and/or Th into the grain boundary phase. However, this will

diminish the advantage of adding the lubricant to the alloy raw meal powder,



conpression nolding in the magnetic field and the orientation can be

I nproved. The orientation of the sintered nagnet will becone poor and, as a
result, the remanent flux density and maxi mum energy product exhibiting the
magnetic properties will be Iowered. On the other hand, if the mean grain
diameter is larger than 8 gm the coercive force will be |lowered because
the crystal is large. In addition, since the surface area of the grain
boundary beconmes snaller, the ratio of concentration of the residual carbon

near the ai n boundary becones | ar and the,.coercive force hecones
| argel y | Sher advariageh ,mghglr@rsatd%ip Mﬂl%aﬁ% mtﬁeweand/uamgrb, and

the diffusion_ of . ini}(ﬁ t he ghain bour%dar has& 1S irr&e(%eg and the tine
of i f 1 usCORPEEREIT Ol T AR, iparnetic, Hel8 ST ot T iAnEg o oBai 10 as
shown in a : ' r [ t he
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be reduced feQult2fe k&andht flRxPA&ASHCANd RetkiB 88 SHePgy pRofuct dxhibiktbip Pa)

t hrough an evacuati ng nmeans 11 such as turbo-nol ecul ar punp, cryopunp,

di f f usi onthemagwetic plhepdrties. wilhdreclawserdd s pOse thé wthdére hawndc ufithe haedher 12 a

box body 2 conmprising: a rect angul ar parallel opi ped box part 21 with an
upper sur gaam deamgtepen:lasger shandS pamt the ogdrervei forcdewald hellowrrrdht ed on

t he open ypper syrface qf. the box part. 21. [00251 A downwardly bent flange
22a i s foPRE}MSS rtYﬁanléﬁh??%e- ﬁpr%‘{‘éﬂlépeﬁ’é’éeégetsﬁéchﬁoarﬁér‘g té?.gr%n t he
lid part 22 ig.nounted in Sitiion on the upper,.surf.ace of.the b art 21,
the 1 angdouhdafilBRiGies SmalfS Ph@ Pt of dnedREfiSROTEEE Eaiduld pRRF ot <

case, 10 SASHURE g5 Woodhe? DAL B8 ARAPHRY LBl Trasybagl e
o conl] PG oberacEARRer VG ath? ooy ST e,
10-5 Pa), anidether diffsdon@fdbanher tBO grain boundary phase is impeded and the
time of diffusion becomes longer, resulting in poor productivity.
[0024]

As shown in FIG. 2, a vacuum vapor processing apparatus 1 for
executing the above-described processing has a vacuum chamber 12 in
which a pressure can be reduced to, and kept at, a predetermined pressure
(e.g., 1 x 10-5Pa) through an evacuating means 11 such as turbo-molecular
pump, cryopump, diffusion pump, and the like. There is disposed in the
vacuum chamber 12 a box body 2 comprising: a rectangular parallelopiped
box part 21 with an upper surface being open; and a lid part 22 which is
detachably mounted on the open upper surface of the box part 21.

[0025]

A downwardly bent flange 22a is formed along the entire
circumference of the lid part 22. When the lid part 22 is mounted in
position on the upper surface of the box part 21, the flange 22a is fitted into
the outer wall of the box part 21 (in this case, no vacuum seal such as a
metal seal is provided), so as to define a processing chamber 20 which is

isolated from the vacuum chamber 12. It is so configured that, when the

vacuum chamber 12 is reduced in pressure through the evacuating means
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I's reduced in pressure to a pressure (e.g., 5 x 10-4 Pa) that is higher
substantially by half a digit than that in the vacuum chanber 12. [0026]

The vol une of the processing chanber 20 is set, taking into consideration
the nean free path of the evaporating material v, such that the netal atons
I n the vapor atnosphere can be supplied to the sintered nagnet S directly
or froma plurality of directions by repeating collisions. The surfaces of
the box part 21 and the lid part 22 are set to have thicknesses not to be
thermal |y defornmed when heated by heating ne to be described

her ei naf t dd tomeds@mu@dd?reésm g-all h&?” @Seﬂlmbrocee%l@g chaimber 3

evaporatin ter 0027 I n ot her rd po
mat eri al \‘/gqrn& lﬁ Elé uxg o3 2 M?Wr?s%tih%d r"isaﬁ’gr ﬁ'&ggg’{/acuum

eact o &SPHE%%%S%IIW#% £ dftis BRI KB thel ARl Sl 2T, = coi

resul ting @Ogﬁpetratlon of the Al atons into the vapor atnosphere.
Accordi ngly, the box body 2 is made, e.g., of Md, W V, Ta or alloys of

them (i ncl udi Mthe a¥dlugdy téf ehemgibsesateiedcMmbat | 29, idi sefdeskiMg dhtoy, and
the like), CaO Y203 or oxides of rare earth elenents, or constituted by

f or mi ng awconsideratiomithg mean Hees pathaod the armlohetingi materal n,gsmit ¢hatal . A
beari ng grld 2la of, e.qg.,. a plurality of Mo wires (e.g., - 10 nmm

(dia.)) i$ ‘armawée'c&omﬁ lfatthﬁ SEDgr atmpsphere cAnnkel sHEpPHRd HOrthﬁ shderasbt t om
f h hanb his b |
20...0n
ook or B SRR R SR S Gl G P £
SurTacos GheaRhEfly df ke SR WAL ME dnd BECHA Ra 28 1l o8 b Ay o °

evapor at | ‘BHm'E%@éés%otVto B@%h@rhﬁll?%@oﬁn@d Whéle h%QfEch?'d“Heﬂmg Tedig@st one
of Dy and Th which largely I nproves the nagnetocrystalline

to be described hereinafter, and are made of a material that does not react
with the evaporating material v.
[0027]

In other words, when the evaporating material v is Dy, in case Al:O3
which is often used in an ordinary vacuum apparatus is used, there is a
possibility that Dy in the vapor atmosphere reacts with Al:O3, to form a
reaction product on the surface thereof, resulting in penetration of the Al
atoms into the vapor atmosphere. Accordingly, the box body 2 is made, e.g.,
of Mo, W, V, Ta or alloys of them (including rare earth elements added Mo
alloy, Ti added Mo alloy, and the like), CaO, Y203 or oxides of rare earth
elements, or constituted by forming an inner lining on the surface of another
insulating material. A bearing grid 21a of, e.g., a plurality of Mo wires (e.g.,
0.1 ~ 10 mm (dia.)) is arranged in lattice at a predetermined height from the
bottom surface in the processing chamber 20. On this bearing grid 21a a
plurality of sintered magnets S can be placed side by side. On the other
hand, the evaporating material v is appropriately placed on a bottom
surface, side surfaces or a top surface of the processing chamber 20.

[0028]

As the evaporating material v, there is used a hydride containing at
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ani sotropy of the principal phase, e.g., DyH2 or TbH2 manufactured in a
known nethod. According to this configuration, even in a state in which the
surface of the sintered magnet S i s oxidized, once the evaporating materi al
v is evaporated at the time of vacuum vapor processing, dissociated

hydrogen is supplied to the surface of the sintered magnet S and react with
t he surface oxygen | ayer, thereby being discharged as a conpound such as
H2O. The oxi di zed | ayer on the surface of the sintered nagnet S is thus
removed and cleaned. _As a result, a preparatory step of cleaning the

surface ofeasheons miePydandgdbt whigh ilarsely yappixesotheymagaecryiatling he

f f the sintered t,S.i t ired oth
it ovi ng 2RHOUARYIGE Ehe ByReRal Ahae: arg- TG OF W TRRS AP Tt ¢ he

f i d S . b : i cientl
S e knbR, oA CABBARGhe Spihid SURAE R, AT o0 o cL s 1

magnet S, (hdehgpycel BF el sidTRFQY iR8ghdte PLOULEAiz¥A ¥ince %%Vaﬂéﬁti’r@ uum
chanber 12 is provided with a heating neans 3. The heating neans 3, |ike

t he box baghterial ivsisvdgondted atathertimle dfhalcudaesapet praceasihgyidiotihted
evaporating material v, and is arranged so as to enclose the circunference
of the bohyBvegeris Supplisshtd the serfase of thnpititses] negnetidy aal seastuivath ng
material of M pake which is provided with a reflecting surface on the

i nner sur the surfese axysandaznr. dihezeby bemmdischargadhas 4 comppusd fush ahe

ke, ey HESE i e et iod! DRF%, Shen, P Ry secd menet S ™
| . P HETRE ; i
Doy 2. wERRERSA (REE BB OTRE o Seki, HNPRRR U PR ok Mflithe L, >

subst anti g{i}-gactniff M bintetdPINIgndt Sepfibl Rbi QippW ! bf DRWahE/oFeEE @f thde
manuf acturing of a permanent 12 nagnet M using the above-described vacuum
vapor proegasficeagofither ainterdd magnet S is not required any more, thereby
improving the productivity. In addition, since the oxidized layer on the
surface of the sintered magnet S is removed, Dy and/or Tb can be efficiently
and homogeneously diffused into the grain boundary phase of the sintered
magnet S, thereby further improving the productivity.
[0029]

The vacuum chamber 12 is provided with a heating means 3. The
heating means 3, like the box body 2, is made of a material that does not
react with the evaporating material v, and is arranged so as to enclose the
circumference of the box body 2. The heating means 3 comprises: a
thermal insulating material of Mo make which is provided with a reflecting
surface on the inner surface thereofi and an electric heater which is
disposed on the inside of the thermal insulating material and which has a
filament of Mo make. By heating the box body 2 by the heating means 3 at
a reduced pressure, the processing chamber 20 is indirectly heated through
the box body 2, whereby the inside of the processing chamber 20 can be
heated substantially uniformly.

[0030]

A description will now be made of the manufacturing of a permanent
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First of all, sintered magnets S nade in accordance with the

above-descri bed nethod are placed on the bearing grid 2la of the box part

21, and DyH2 as the evaporating material v is placed on the bottom surface
of the box part 21 (according to this, the sintered magnets S and the
evaporating material v are disposed at a distance fromeach other in the
processi ng chanber 20). After having nounted in position the |id part 22 on
t he open upper surface of the box part 21, the box body 2 is placed in a
predet erm ned pqsition enclosed, by .the heating neans 3 i.n the vacuum

chanber 1Mmagnes Mll@lna)theﬁb@ﬁremsgugﬁg VABUBILERRAY PEPCABHIAS aPPATABUS Yacuum

I i S A B BSRRS o 0 -
30 1 s nealiapuckrHhler bl 18R LA o S B2

has reached hhg IPyHEFasahei M%o?éﬁﬁgliﬁﬁberidl ¥ 1Y placad dn HeBsttbheswifaier ed
magnet S itself is heated to a predeterm ned tenperature (e.g., 8000, the

stai ns, gaf thadbowisinir 21 cartadingdsothiad the simesu magnets Shendi ther ed
magnet will be renoved. [00311 Wen the tenperature in the processing
chanber 2evaperating matenal pr adetdispiseddat entistancer EonDearhdotheysadtlon t he
bottom surface of the procgssi g chanber 20 | % heated to suﬁ tantially the
sane tenplFeregpiigachamper g0bc R raving aeuBig dargpasifionsthe, Bd?adtti%. A

vapor 2t TSRS S iobeh UERE ok M o0 SRS b BB f 0 g
gete  adneroifiebhBRE M Puclddl By, el RRIRE ophlYa MBI 201 Y
emper at Ut 6" aove. L NG pr cUet o1 m eq L Srsorat e (Ao00) Thytragen w1 13 be
di ssoci at edcinmecldmber dBds avadudted?untitit feachys at prsletexdninedr pgaBuran

(e.g., 1 x 104 Pa) (the processing chamber 20 is evacuated to a pressure

substantially half-digit higher than the above) and the processing chamber

20 is heated by actuating the heating means 3 when the vacuum chamber

12 has reached the predetermined pressure. In this case, since the sintered

magnet S itself is heated to a predetermined temperature (e.g., 800°C), the

stains, gas and moisture content adsorbed on the surface of the sintered

magnet will be removed.

[0031]

When the temperature in the processing chamber 20 has reached a
predetermined temperature, DyH: disposed on the bottom surface of the
processing chamber 20 is heated to substantially the same temperature as
the processing chamber 20 and starts evaporation. A vapor atmosphere
will thus be formed in the processing chamber 20. Even if DyH: starts
evaporation, since the sintered magnet S and DyH: are disposed at a
distance from each other, there is no possibility that DyHs directly gets
adhered to the sintered magnet whose Nd-rich layer on the surface is melted.

In addition, since the processing chamber 20 has been heated to a

temperature above the predetermined temperature (800°C), hydrogen will
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t he vapor atnosphere are supplied toward, and adhered to, the surface of

the sintered magnet S that has been heated to substantially the sane
tenperature as Dy, froma plurality of directions either directly or by
repeating collisions. [00321 1In this case, the dissociated hydrogen is
supplied to the surface of the sintered magnet S to thereby react with the
surface oxidation layer, and is then discharged as conpounds such as H20
and the |like through the clearance between the box part 21 and the lid part
22 into the vacuum _.chanmber 12. In this_manner, cleaning is_ executed by
renovi ng bpdisseeiated fromithe e vmporatps, DyHoand Wienbyasemeegpd hiydregan imt ~ t he

ti tal at f t ad dtot f th I nt d
rmgnet .| THER vaByr BhRrehors gt RavelEAcer st nd afhiiecl M Hot has
b heat t t Lak ' hanb
20 1s o Fuaearrs el 8 WiChASTRACRREA 1o e iy (PR Skl 5T

wher eby atPRpERIeRE adEDRCtroM CaplRealRbf dfN@iftecti®B Ditheds dieYy bP By G 3,
when the evaporating material v in the vapor atnosphere is supplied to the
surface ofepdisg célbiseohstragnet S so as to form a layer (e.g., a thin film
of Dy Iayeié LI_ made of the evaporating material v, the surface of the

per manent Mw |l be remarkably deteriorated (surface roughness

beconmes worsened) .as a result of recrystallization of the evaporating
material v thd® %C%%%ﬁ%s pecaa § gaer;gﬁlpeﬁegrtp theesurdage alctheof t he

i nt er ed t.S | it th t t er.,al. dh .to, and

Geposi ¢ odSHHSTed, Bagrbt 290 shéfuny iack SRR T HEE FhidRtioh S Edtihit oy o
bst ti . i i a

oiTT bt Shed SRR, LETRARBbWRE, ek s PLOC SR InO iR, dRLLEN ARC DY

surface otldagnéd HebiEen NBENBYx Darf 2P andsthd 1id partBInNaiioCtHé vataRel ti es

cannot be effectively inproved or recovered.
chamber 12. In this manner, cleaning is executed by removing the surface
oxidation layer of the sintered magnet S and, at the same time, metal atoms
of Dy get adhered to the surface of the sintered magnet. Then, Dy adhered
to the surface of the sintered magnet S that has been heated to substantially
the same temperature as the processing chamber 20 is diffused into the
grain boundary phase of the sintered magnet S, whereby a permanent
magnet M can be obtained.
[0033]

As shown in FIG. 3, when the evaporating material v in the vapor
atmosphere is supplied to the surface of the sintered magnet S so as to form
a layer {e.g., a thin film of Dy layer) L1 made of the evaporating material v,
the surface of the permanent magnet M will be remarkably deteriorated
(surface roughness becomes worsened) as a result of recrystallization of the
evaporating material v that has been adhered to, and deposited on, the
surface of the sintered magnet S. In addition, the evaporating material v
adhered to, and deposited on, the surface of the sintered magnet S that has
been heated to substantially the same temperature during processing gets

melted and Dy will be excessively diffused into the grains in a region R1

near the surface of the sintered magnet S. As a result, the magnetic
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(0034] That is, once a thin filmmade of the evaporating material v is
formed on the surface of the sintered magnet S, the average conposition on
the surface of the sintered magnet S adjoining the thin film becones
Dy-rich conposition. Once the conposition beconmes Dy-rich conmposition, the
liquid phase tenperature |owers and the surface of the sintered magnet S
gets nelted (i.e., the principal phase is nelted and the anount of liquid
phase increases). As a result the region near the surface of the sintered
magnet S is nelted and. col and thys the asperities increase. In

addi ti on, pgywnyﬁegggpogb9e ﬁ Y? t 'ESPTONE OFﬁémﬁﬁﬁﬁﬁs together with a large
anount of k @ggﬁ phase and thus the nmaxi mum energy product and the renmanent
flux densi 9 hibiting the nagnetic properties are further |owered. (0035]

According to tlgg 1@1”{9963 AR8in R nadd dUhe Jﬁ@&éﬁﬂ?%éﬁ&r}ﬁ'xﬂs forple | cal

shape) having a small surface area per unit volune (speci surtace area)

or DyH2 i gnpshedenrthes wives sixﬁ@ﬂﬁeehaghdtr@ bl tagier sl casositior @ FheoCcessi ng
chanber 20 in a ratio of 1 - 10% by weight of the sintered nmgnet so as to

reduce t heusfiaoewf thie mm&@mdamargneats adianst@nhe ttduimp dfilat Ureeomek nDgictdiitt i on,
when the evaporating material v is DyH2, the tenperature in the processing
chanber 20o0massision. t O rce theyeomposition beconss Dy -pickf eomppsjtiopothe liqusboc, by

controllln the heatlp ns 3. 0t?1364 [f t ete erature mté:

processi n@ 5EPesd ‘?‘&gﬁ)&%‘ﬁn@? ReSurdace Phé tarafl maeyet th&etd nt er ed
t S dt

Fﬁ%”iurfégﬁﬁ’ﬂe 2 ERSmriddiFal Ehatd ?m@‘e%&“ﬂé}ﬁﬁn dptrelaig R, ARA% o O

retarded. 1ﬁ§reh§e£ huagipaagt bl teyioRkRal 1Re @ﬁrf&%%fﬁth%osﬁﬁ‘ex‘éﬂfﬁlﬁgﬁgt and

honbgeneously penetrated I nto the grain boundary phase of the sintered
magnet befoisemelted taridcdlldp¥etl arddthmdtinaspaitiey fragead. Tkbadditiosy, & magnet

S. On the other hand, at the tenperature above 1050C,
excessively penetrates into the grains together with a large amount of liquid
phase and thus the maximum energy product and the remanent flux density
exhibiting the magnetic properties are further lowered.
[0035]

According to this embodiment, DyH: in bulk form (substantially
spherical shape) having a small surface area per unit volume ({specific
surface area) or DyH2 in powder form was disposed on the bottom surface of
the processing chamber 20 in a ratio of 1 ~ 10% by weight of the sintered
magnet so as to reduce the amount of evaporation at a constant temperature.
In addition, when the evaporating material v is DyHs, the temperature in
the processing chamber 20 was set to a range of 800°C ~ 1050°C, preferably
900°C ~ 1000°C, by controlling the heating means 3.

[0036]

If the temperature in the processing chamber 20 (accordingly the
heating temperature of the sintered magnet S) is below 800°C, the velocity
of diffusion of Dy atoms adhered to the surface of the sintered magnet S into
the grain boundary phase is retarded. It is thus impossible to make the Dy

atoms to be diffused and homogeneously penetrated into the grain boundary

phase of the sintered magnet before the thin film is formed on the surface of
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t he vapor pressure increases and thus the evaporating material v in the
vapor atnosphere are excessively supplied to the surface of the sintered
magnet S. In addition, there is a possibility that Dy would be diffused into
the grains. Should Dy be diffused into the grains, the nmagnetization
intensity in the grains is greatly reduced and, therefore, the maximum
energy product and the remanent flux density are further reduced. [0037] In
order to diffuse Dy into the grain boundary phase before the thin film nmade
up of the evapoyating qgterial v is forned on the surface of the sintered

magnet S, stteredhmagnet B ¢ Gnatheseiheshang. af dre temareiatuse adonadho0®s

di d the b ' id 21la in,t ' hanb 20 t t ot al
Surmace. afe vPoF ireatshsoindteRe AR, 1 DA Y BRPR TR RATerRtls L dmoid ho

bot t ' ; [ t I ' - f 1
Dor 47 51 yeRGE atndsBlieR! ASEAAGICIR TBEEICH o8 S syflabéor e SuleBREE ©f X

are casesna$Ris.a Ihadditidontherd s apdesability fhatDy Wehlabet digfuzbd finge of the
sintered magnet S and thus a pernanent magnet havi ng hi gh nagnetic

properti eshe agradhs.be Shbuid rigy. bé ndiffuissd cage, thehgrahiny etlde M gistizatsn o shal |
preferably fall within a range of 1 x 10-3 to 1 x 103 , and the

above- desenfepsityr in itheograing isogreatly redugab ang, nihegeforef éhabnexirhooss]
According to the ove configuration, by |Iowering the vapor pressure and

al so by r EBEBENRY ta oﬂ‘é’fé%m&\' am,gu SHELANG material v,

t he anmount @@sﬂﬁpply of the evaporating nmaterial v to the sintered magnet S
S restrai!n .’1n addition, as a conbined effect of heating the sintered

et 2 B AR Al TS AR ST R 2L o,
accel er at ¢@m H@leDyp JFARE HapbPerify aRHetdING 1 BraidBbn\thedfRPsid 8OtIRN t he
surface of the sintered magnet S can be efficiently and 16 honobgeneously
di f fused aimtepahetagietd,itheaativeofor setal barfadanyepbfishe eintered magnet S
disposed on the bearing grid 21a in the processing chamber 20 to a total
surface area of the evaporating material v in bulk form disposed on the
bottom surface of the processing chamber 20 is set to fall in a range of 1 x
10-4~2 x 103. In a ratio other than the range of 1 X 10~¢ ~ 2 x 103, there are
cases where a thin film of Dy and/or Tb is formed on the surface of the
sintered magnet S and thus a permanent magnet having high magnetic
properties cannot be obtained. In this case, the above-described ratio shall
preferably fall within a range of 1 x 102 to 1 X 10% , and the
above-described ratio of 1 x 10~2 to 1 x 10* is more preferable.
[0038]
According to the above configuration, by lowering the vapor pressure
and also by reducing the amount of evaporation of the evaporating material
v, the amount of supply of the evaporating material v to the sintered magnet
S is restrained. In addition, as a combined effect of heating the sintered
magnet S at a predetermined temperature range and removing the
oxidization layer on the surface of the sintered magnet S, the velocity of

diffusion is accelerated. The Dy atoms of the evaporating material v

deposited on the surface of the sintered magnet S can be efficiently and
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the sintered magnet S before the |ayer nmade of the evaporating material v is
formed by deposition on the surface of the sintered nmagnet S (see FIG 1).
As a result, the permanent magnet M can be prevented fromdeteriorating on
the surface thereof, and Dy can be restrained from bei ng excessively
diffused into the grain boundary near the surface of the sintered nmagnet.

In this manner, by having a Dy-rich phase (a phase containing Dy in the
range of 5 - 80% in the grain boundary phase and by diffusing Dy only in

th i ghbor hood of th f f th [ , .the n tizati i nt it
MR ARG UG R L R
oDt ol e PSRRI TPy ek LS AP SR R B
et | S ARKES) RURRHAETh B (GARLL BRERL IR TS, SO the

are cases AWerBs§lt 2EHS P@ﬁﬁﬁhehﬂ nhdhetdVREAS behireRe At ﬂ@%éﬁbx%ingOhase, on
the surface of the sintered nagnet, resulting in a renarkable deterioration

i n the magnethec sprfapertheesof] sarl ByGeandha)rpstriivel drom blyeiggeettesigelyhe
above-descri bed vacuum vapor processing, there wll be fornmed a Dy-rich
phase on diffusedsinde tfe grainchawkdanyf nede the aunface nfarhe himterad avagredee FI G
4(b)), whereby the nagnetjzation intensity and _coercive force are

recover ed Inciis mawrrerbmhaul,naﬁ Ryawch pAgse R@ phassveardaiingpRy Wpathtum vapor

D Oe e ol SRR RS, U U D 55 BB Bl
per manent tH@gﬁ\‘fﬁhMrh%o@ Qifaﬂél’ée%ntﬂccﬁ Yt thE %ra{xﬂg tgle %ﬁgﬁgtigﬁ‘ﬁf}ﬁtin’t&s% ck
a t he a e

form after ng execute ove- descri vactium vapor processing,

into a pl 4hdl béerchie Forceelrd NiffectiveBE 8mprsvE®aNIn Ohdditi¥, Ctidtbt €4n ad the
| i ke as a post step, the magnetic properties of the permanent nagnet get

hardl y debbtdiaedtaepermeneaminpapadt M that Fequitasro fimiskinghwork ahatthaeds nagnet
of bl ock form having predeterm ned
superior 1n proauctivity.
[0039]

As shown in FIG. 4, when the sintered magnet is worked into a desired
configuration by a wire cutter, and the like, after having manufactured the
above-described sintered magnet, there are cases where cracks occur in the
grains which are the principal phase on the surface of the sintered magnet,
resulting in a remarkable deterioration in the magnetic properties (see FIG.
4(a)). However, by executing the above-described vacuum vapor processing,
there will be formed a Dy-rich phase on the inside of the cracks of the grains
near the surface (see FIG. 4(b)), whereby the magnetization intensity and
coercive force are recovered. On the other hand, by executing the
above-described vacuum vapor processing, the grain boundary phase has the
Dy-rich phase and further Dy gets diffused only near the surface of the
grains. Therefore, even if a permanent magnet M is obtained by cutting
the sintered magnet in block form, after having executed the
above-described vacuum vapor processing, into a plurality of sliced thin

pleces by means of a wire cutter and the like as a post step, the magnetic

properties of the permanent magnet get hardly deteriorated. As compared
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dinmensions is cut into a plurality of thin pieces; the thin pieces are then
contained as they are by disposing themin position on the bearing grid 2la
i nside the box body 2; and they are then subjected to the above-descri bed
vacuum vapor processing, it is possible, for exanple, to performat a
shorter time the putting and taking the sintered magnet S into, and out of,
the box body 2. The preparatory work for executing the above-described
vacuum vapor processing beconmes easier, and the preparatory step and the
finishing ,work is not required. As a combjne ffect of the, above, a high
product i vMith acage pa whichi ﬂ@éﬁlte[refémganiq%les Fom bavig prfleduninedd t he
above-desgri bed ﬁroceiﬁiq& for,a lﬁ&ed ernined.pg{igggﬁf.tine éeggi, - 72
hours), tAEDEREPLS ;1§ Firintaa Biweality o PRCEY K% PIELES 7. Mo KPa
s introd .| Si g Lhro - - i ng
means (notoiini ey fa iy R3ERpOR-E AR in PBSOUE e AR AL O
stopped, anddé RRelURPBO@ W @and FhéParPtRERSKIVIEcteABOe dBoves deRGTHddover ed
to, e.g., 500C. Continuously the heating nmeans 3 is actuated once again and
t he tenpevatwim vapdri@rocedsingsitiin@ossibhd)dor 2Rample ab derfarn angeslairtd50C -
650C, and heat treatnent for renoving the strains in the pernmanent nagnets
i s execut éiane the puttingranidhtaking the sioteredrmagnetcSanto,vand ontef, thielkdd y, t he
processing chanber 20 is rapidly c?oled substa&%ig%ly to roomtenperature
od a

and the b82dY Fodyl'be iprepamasaryy yrords forpexesybingnt ge-describerb yaguupm, t he
enmbodi nrent _of the pr.esen

exanpl | UMY BFPCppTE gtk Spethand e anapRHyORa P and he bahia
Sintered nepket gt FRETEENY R MR ARAEPIndiEe o M rodloiti

cont ai ni ngadBeWipsigedapor pressure is low, e.g., TbH2 can be used. O el se,
18 hydrides containing Dy and Tb nay al so be used. It was so arranged that
[0040]

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

[0041]

In the embodiment of the present invention, a description has been
made of an example in which DyHgz is used as the evaporating material v.
However, within a heating temperature range (a range of 900°C ~ 1000°C)
of the sintered magnet S that can accelerate the diffusion velocity, hydrides

containing Th whose vapor pressure is low, e.g., TbHz can be used. Or else,
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an evaporating material v in bulk formor in powder form having a small
specific surface area was used in order to reduce the anmount of evaporation
at a certain tenperature. However, wi thout being Ilimted thereto, it nmay be
so arranged that a pan having a recessed shape in cross section is disposed
I nside the box part 21 to contain in the pan the evaporating material v in
granular formor bulk form thereby reducing the specific surface area. In
addition, after having disposed the evaporating material v in the pan, a
lid (not illustrated) having a_plurality of openings nay be nounted. [0042]
In the enbydridencontainmes Pveavdtlh mashalsgrbe userks cﬂi\w &a arsangedbphatiade of
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heating tbhe svapedwgédighabariem hvieg daveageédvshppatiaderosbeseetiopoisat i ng
material v inside the evaporating chanber, the evaporating material v in

t he vapor disposedHaslendhe beoxamaanhg2l tooctkretasupipl ithel pan tthe evaperatig magnet
i nside the processing chanber, B 20 t hroygh a co nj cating. passage which
Communi cafRagerins B CEEAIHAT dRER eF b Rafoqm, Hehere Bedacng thaosoetic

toget her. [0043 | n {hi ase, Jn.,case the ev rating material v.is DyH2,
the’ cvapShipFgrehanibratiiph et fEie dpgEe fvaposRine foRsaalA
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19 S so th#urd¥dcan be diffused and honogeneously penetrated into the grain

[0042]

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

[0043]

In this case, in case the evaporating material v is DyHj, the
evaporating chamber may be heated at a range of 700°C ~ 1050°C. At a
temperature below 700°C, there cannot reach a vapor pressure at which the

evaporating material v can be supplied to the surface of the sintered magnet
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boundary phase. On the other hand, in case the evaporating material v is
TbH2, the evaporating chanber may be heated to a range of 900C - 1150C. At
a tenperature bel ow 900C, there cannot reach a vapor pressure at which Tb
atons can be supplied to the surface of the sintered magnet S. On the other
hand, at a tenperature above 1150C, Tb gets diffused into the grains and

t hus the maxi num energy product and the remanent flux density wll be

| owered. [00441 Further in the enbodi nent of the present invention, a
description has been nade of an exanple in which the box body 2 was

consti tut §oBOb§hatnBMrﬂaertd1ﬁfuB¢rbl apdr hompgencausly paetraied doto bhe greinbox part
21. Fbmevg I f the pro es ch nber .20 is jsolated fromthe yacuum
chamber 19o4ndarychasg r cP dR&age éb%‘«é{ﬁpe@ e mpatesi S5 IR e

Lbove. exatre: “%Pva@ﬁmm%g Shit 12 Al BSR st aa e ol P cdthgifet 'S
i nsi de thﬁtbé’xteﬂﬂﬂérag&ﬁ b%ﬁ%@ Oftfelp %ﬁ&%rfegchwﬁyv CP¥ERde Py @ Toil

of Mo nmake It may be so constructed that the processing

chanber 2@/Hie Te atdrvakkin daldupptiedsesl thesugifack el dac WifiteedB ideFnet2SSs0 as to
be maintained at a predeterm ned pressure independent of the vacuum chanber

12. (00450n ¥iw ¢therdiandsraéch teagpetatBre aheves ibH0°€, Ths getsediffiusad tintf thexygen
content, the |arger becorres the velocity of diffusion of Dy and/or Th into
t he gra.ngnpastan etlvpmdde masisnuneeneny oxodest endt the remamnentsifhtxer ed
magnet S |ts Me beI ow 3000 ppm preferably bel ow 2000 ppm and nost
preferabl 99’6 5%’1 OM%ed{ Exanpl e 1) [00461 As a Nd-Fe-B based si ntered
magnet , Eé(%’c%‘as used one whose 20 conposition was

29Nd- 3Dy1 0.1 Cu-bal . Fe and was fabricated into a

Further in the embodiment of the present invention, a description has
been made of an example in which the box body 2 was constituted by
mounting the lid part 22 on an upper surface of the box part 21. However,
if the processing chamber 20 is isolated from the vacuum chamber 12 and
can be reduced in pressure accompanied by the pressure reduction in the
vacuum chamber 12, it is not necessary to limit to the above example. For
example, after having disposed the sintered magnet S inside the box part 21,
the upper opening thereof may be covered by a foil of Mo make. On the
other hand, it may be so constructed that the processing chamber 20 can be
hermetically closed inside the vacuum chamber 12 so as to be maintained at
a predetermined pressure independent of the vacuum chamber 12.

[0045]

As the sintered magnet S, the smaller is the amount of oxygen content,
the larger becomes the velocity of diffusion of Dy and/or Tb into the grain
particle phase. Therefore, the oxygen content of the sintered magnet S
itself may be below 3000 ppm, preferably below 2000 ppm, and most
preferably below 1000 ppm.

[Example 1]
[0046]

As a Nd-Fe-B based sintered magnet, there was used one whose
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rectangul ar parallelepiped of 20 x 10 x 5 nm In this case, after finishing
the surface of the sintered magnet S so as to have a surface roughness of
bel ow 10 gm cl eani ng was nmade using acetone. [00471 Then, by using the
above-descri bed vacuum vapor processing apparatus 1, there was obtained a
per mmnent magnet M by the above-described vacuum vapor processing. In this
case, 60 sintered nagnets S were disposed at an equal distance from one
another on a bearing grind 2l1la inside the box body 2 of M nake. In

Wako | JungARBORESCHAR SIS O 1B eC T W e R tnt et BYbRRRB OB A
cur Tace of g ae e Mo XRTerpS 55 Fork Qe kOhh, SRl e SR BebtE: oans,

t he vacuu G0 dﬂﬁl%(ii] ' S - ssure
in the prglzl:(gggig%géchangeéﬁﬁe/alge% X 18'-t?r§)?62a%dﬂ{ ﬁ%{’ﬁétsﬁféwtrgﬁggﬁgﬁéﬁ by the

heati ng mbalesv 30 ¢fm { dleapingcwas madc hgitigeiceBsharvas set to 850C (Exanple | a)
in the case of DyH2 and was set to 1000C (Exanple Ib) in the case of TbH2.

Then, when{@7k enperature in the processing chanber 20 has reached 950C,

t he above-descri bed vacuum vapor processing was executed in this state for
1.8 or 18 hourldensubyequangl ythe rabaverdassribedt VasiuBXevaPel PEOGSHIE t he
strains in the permanent rmagnet. In this case, the heat tregtnent
Lenper at uPBPRER S ol 88D CWaS, b teHeth 8 c BEEPARCRF ke ts (B 6816 nut es.
Finally, t [ xecyt i t abgye was
Fabr i oat ed0yS SeFRNA, ydERRE, vaRhP MECeHnE 0 s Ol RY S BERRY Fcs

5 and 6 apgdihbeS wBAM IS REEr a0y AR @istAMINEdE oRE CRRIthe£SHREN
per manent magnets were obtai ned by the above-described 21 vacuum vapor
processi Nnpedpingsgriad 21 :20inH8e e box bydy 2 SuMo hls. adnt Aédition, as the
evaporating material, there was used DyH: (manufactured by Wako
Junyaku Kabushiki Kaisha) and TbH: (manufactured by Wako Junyaku
Kabushiki Kaisha) and was disposed in a total amount of 100 g on the
bottom surface of processing chamber 20. Then, by actuating the
evacuating means, the vacuum chamber was once reduced in pressure to 1 X
104 (the pressure in the processing chamber was 5 X 10-3), and the heating
temperature by the heating means 3 of the processing chamber 20 was set to
850°C (Example 1a) in the case of DyHz and was set to 1000°C (Example 1b)
in the case of TbHs. Then, when the temperature in the processing
chamber 20 has reached 950°C, the above-described vacuum vapor
processing was executed in this state for 1.8 or 18 hours. Subsequently,
heat treatment was executed to remove the strains in the permanent
magnet. In this case, the heat treatment temperature was set to 550°C,
and the processing time was set to 60 minutes. Finally, the permanent
magnet obtained by executing the above method was fabricated by wire
cutting into a shape of 10 x 5 mm (dia.).
[0048]
FIGS. 5 and 6 are tables showing average values of magnetic

properties when permanent magnets were cbtained by the above-described
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evaporating material (Conparative Exanple la) and by using Tbh of 99.9%
purity in bulk formas the evaporating material (Conparative Exanple 1b),

in conparison with average val ues of nmgnetic properties when permanent
magnets were obtai ned by the vacuum vapor processing under the sane
conditions as in the above Exanple |la and Exanple 1b. According to these
tables, in the case of the evaporating material containing therein Dy in the
Conparative Exanple la in which Dy was used as the evaporating material, as
the tinme of vacuum vapor processing (tinme of diffusion) becaomes |onger, the
| ar ger be¥d¢HEMt FRPAIORYACEEENE R asingh by ohh89 9% pusityviac bubs Horae st

was
ffﬁé é?héﬁeﬂ%%txﬁg“%%zeré‘%zagf?%lﬂaiéﬁw? @éaﬁfsﬁe°i@2%¥&rﬁ£%‘éf@2‘rb§o§;§a-5%i or co
24. 3 ; i i . i
gr ocessi ngﬁ{ﬁeﬁéngﬁhﬁgﬁ?@)éﬁ}#ﬁgﬁ@? IClI 8%‘%‘?51 Wﬁg%%\g{ %fx?%de@glglb& 5).
[ 00491 | njRdginplaeioni Withngvdzal Q{a@ﬁéé’@f et fropbftidddtn'PeMAgndised as

the evaporating material v, the | onger becones 't he vacuum vapor processing
time (ti mnaygneds ersi obdainédechy ahgerachaadepot hroeesyitg iendeir tles siirn t he
vacuum vapor processing tinme was set to 18 hours, a high coercive force of
28. 3 kOe vwaisditivhaiasesh. therahdve Brimaplddadnd Bxaxpbeolb. 18 ccondinato beeseen
that a high coercive force of 28.2 kOe was gbtained at | ess than half the
vacuum vaS@blGﬁr@c&%Fw of the ewapmratue mageriaboontpinimgeihorgingPytigsthey Tb

(aee TGSt Shan R Rr b PSR Sl OSahoedeir
oLt S S RIS el St ) BdyBEL g, v o
i nvent i onghe fargeishedotnes A6 HERd for8XP! WHEhOIhe MRV Ofachuih PScei8hiid on of a
was set to 18 hours, there was obtained a high coercive force of 24.3 kOQe.
On the other hand, in the Example 1a, it can be seen that high coercive force
of 24.3 kOe was obtained in less than half the vacuum evaporating
processing time (8 hours), thereby efficiently diffusing Dy (see FIG. 5).
[0049]
In addition, in the Comparative Example 1b in which Th was used as
the evaporating material v, the longer becomes the vacuum vapor processing
time (time of diffusion), the larger becomes the coercive force. When the
vacuum vapor processing time was set to 18 hours, a high coercive force of
28.3 kOe was obtained. On the other hand, in Example 1b, 1t can be seen
that a high coercive force of 28.2 kOe was obtained at less than half the
vacuum vapor processing time (8 hours), thereby efficiently diffusing Tb (see
FIG. 6).
[Brief Description of the Drawings]
[0050]
FIG. 1 is a schematic explanatory view of a cross-section of the
permanent magnet manufactured in accordance with this invention;

FIG. 2 is a schematic view of the vacuum processing apparatus for

executing the processing of this invention;
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per mmnent magnet manufactured in accordance with a prior art; FIG 4 (a) is
an expl anatory view showi ng deterioration of the surface of the sintered
magnet caused by machining, and FIG 4 (b) is an explanatory view show ng
the surface condition of a permanent nagnet manufactured in accordance wth
this invention; FIG 5 is a table show ng nmagnetic properties of the

per manent magnet manufactured in accordance with Exanple la; and FIG 6 is
a table show ng nagnetic properties of the permanent nagnet manufactured in
accordance wth Exanple I b, [Description of Reference Nunerals and

Characters] [Fo6513 18 vaacirhemaiiorexplapatosy nyieppak @& yarosysetiiueh @éhanber
20 processin chatnber % box#go%ﬁl box rt 2% lid .part .3 heating nmeans
S si nt er cRCHABRER! Tenef MARWECKEsdr acGoRPe TR APHEF &Fal 23 WAT 1S
CLAIMED I S: 1: f i eS| X
et oo | P 00, T8 o TORHLAS 00 IR o TR ST

processi ngf ciiaNapiteled anftgde! 84 HAJH by GHRERININE & arfl PG 24 1B) 3 an
evaporating material disposed in a sare or another processing chanber, the

evapor at i agplamhesryalviewnghoveinggtlse ydfacdecornhitivai of agpaimheast magnef Dy and
Th; causing the evaporated evaporating material to be adhered to a surface
manufactured in accordance with this invention;
FIG. 5 is a table showing magnetic properties of the permanent
magnet manufactured in accordance with Example 1a; and
FIG. 6 is a table showing magnetic properties of the permanent
magnet manufactured in accordance with Example 1b.

[Description of Reference Numerals and Characters]

[0051]
1 vacuum vapor processing apparatus
12 vacuum chamber
20 processing chamber
2 box body
21 box part
22 lid part
3 heating means
S sintered magnet

M permanent magnet

\4 evaporating material
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of the sintered nmagnet; and diffusing netal atons of at |east one of Dy and
Tb of the adhered evaporating material into a grain boundary phase of the
sintered magnet. 2. The nmethod of nmanufacturing a permanent nagnet according
to claiml, wherein the sintered nagnet and the evaporating material are

di sposed at a di stance fromeach other. 3. The nethod of manufacturing a

per manent nmagnet according to claiml or 2, further conprising: increasing
or decreasing an anount of evaporation at a certain tenperature by varying

a specifi r f_.the evaporating material disposed in the

pr ocessi nmﬁﬁmw'an anount of supply of the evaporated
evaporati ng terygal . 1o:the sur . t he sintered ..s adjusted. 4.
The  method of aduricehfi PR IRERE ik sl Nk E T s e o
clainms 1 trOU%a@ing‘;Wohhﬁégyﬁg}r@@Tﬁéﬁﬁ’ bééef]cﬁrsiﬂ%}‘é&@m%,&‘%ﬁ 4daq ifret al

atons of at | east e of Into the grain bourdary ase of the

sintered pRaieesingetRGbéND Aprbddteemin@hterhperatiPye strains of the
per manent magnet at a predeterm ned tenperature |ower than the said

t enper at ure. 24apordfieg met bogpafatirgnuisterial | digpe@sede iman eamenagy maiotlaerc or di ng
to any one of clainms 1 through 4, further conprising, after having diffused
netal at ofsocessiag | dwynbeme the Byapenatims | maserink gembnisbagindarhydsidese of
the sintered magnet,. cutti ng bf;{e s(iﬂ,&_ered magnet into a predeterm ned

t hi ckness cpptaanmg acleaghope PEOYARAIR (o the magnetic alignment direction.

6. A permanent net char ry LN th n.qi.r.en- b@ronrare [th based
sintered magn(fffunl’g]i%’ggt eec}%p%%é&dp oag)(%%"lﬁg I@%%?%baértoﬁ)s% %@?ﬁrgg t? & %fr?‘ace
predet er mypegh Ei‘fﬁ@f‘erdaxtn‘érgﬁét;tﬂl?& an evaporating material disposed in a sane
or anot her processing anber is heated to evaporate the evaporating
material conprdiffusishgdmdidlaitéRsConhilvafidont JfeB§t apder®iofDheaadhditd

evaporating material into a grain boundary phase of the sintered magnet.

2. The method of manufacturing a permanent magnet according to
claim 1, wherein the sintered magnet and the evaporating material are

disposed at a distance from each other.

3. The method of manufacturing a permanent magnet according to
claim 1 or 2, further comprising: increasing or decreasing an amount of
evaporation at a certain temperature by varying a specific surface area of
the evaporating material disposed in the processing chamber, whereby an
amount of supply of the evaporated evaporating material to the surface of

the sintered magnet is adjusted.

4. The method of manufacturing a permanent magnet according to
any one of claims 1 trough 3, further comprising, after having diffused the
metal atoms of at least one of Dy and Tb into the grain boundary phase of
the sintered magnet, executing heat treatment to remove strains of the
permanent magnet at a predetermined temperature lower than the said

temperature.
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that the evaporated evaporating material is caused to be adhered to a
surface of the sintered magnet; and that netal atons of at |east one of Dy
and Tb of the adhered evaporating material are diffused into a grain
boundary phase of the sintered magnet. 25

5. The method of manufacturing a permanent magnet according to
any one of claims 1 through 4, further comprising, after having diffused
metal atoms of at least one of Dy and Tb into the grain boundary phase of
the sintered magnet, cutting the sintered magnet into a predetermined

thickness in a direction perpendicular to the magnetic alignment direction.

6. A permanent magnet characterized in:
that an iron-boron-rare earth based sintered magnet disposed in a
processing chamber is heated to a predetermined temperature;
that an evaporating material disposed in a same or another processing
chamber is heated to evaporate the evaporating material comprising a
hydride containing at least one of Dy and Th
that the evaporated evaporating material is caused to be adhered to a
surface of the sintered magnet; and
that metal atoms of at least one of Dy and Tb of the adhered
evaporating material are diffused into a grain boundary phase of the

sintered magnet.
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