SPECI FI CATI ON PERMANENT1MAGNET AND METHOD OF MANUFACTURI NG SAMVE
[Field of the Invention] [0001] The present invention telates to
a permanent magnet and a net hod of manufacturing the permanent

magnet, and nore particularly to a permanent magnet havi ng. hi gh
magneti c properties in which Dy and/or Th are diffused into grain
boundary phases of a Nd-Fe-B sintered nagnet, as well as to a nethod
of manufacturing the permanent nagnet. [Description of Background Art
] [0002]

SPECIFICATION

PERMANENT MAGNET AND
METHOD OF MANUFACTURING SAME

[ Field of the Invention]
[0001]

The present invention relates to a permanent magnet and a method of
manufacturing the permanent magnet, and more particularly to a
permanent magnet having high magnetic properties in which Dy and/or Th
are diffused into grain boundary phases of a Nd-Fe-B sintered magnet, as
well as to a method of manufaciuring the permanent magnet.

[Deseription of Background Art ]
[0002]

ANd-Fe-B sintered magnet {(so-called necdymium magnet) comprises a
combination of Fe and elements of Nd and B that are cheap, abundant and
constantly obtainable natural 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 Nd-Fe-B
sintered magnet has been used in varicus kinds of articles such as electronic
devices and recently adopied in motors and electric generators for hybrid
cars.

[0003]

On the other hand, since the Curie temperature of the above sintered
magnet is as low as about 300°C, there is a problem in that the Nd-Fe-B
sintered magnet would be demagnetized by heat when heated to a
temperature exceeding a predefermined temperature under a certain
circumstantial condiiien in ifs adopted articles. In addition there is a

further problem in that the magnetic properties would be extremely



A Nd- Fe-B sintered nagnet (so-called neodym um nmagnet) conprises a
conbi nation of Fe and elenents of Nd and B that are cheap, abundant
and constantly obtai nable natural resources and thus can be

manuf actured at a | ow cost and additionally has high nagnetic
properties (its maxi mnum energy product is about 10 tinmes that of
ferritic magnet). Accordingly the Nd-Fe-B sintered nmagnet has been
used in various kinds of articles such as electronic devices and
recently adopted in notors and electric generators for hybrid ears.
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reduced.

[0005]

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

[Non-patent document 1] Improvement of 'coercivity on thin Nd2Fel4B
sintered permanent magnets (by Pak Kida (in Chinese reading) of Tohoku
University, Doctor Thesis, March 23, 2000) |

[Disclosure of the Invention]

[Problems to be Solved by the Invention]

[0006]

The permanent magnet manufactured in the above-described method



In order to solve this kind of problem it has been proposed: to form
athinfilmof Dy and Tb to a predeterm ned thickness (to be forned
in a filmthickness of .above 3 z m dependi ng on the volune of the
magnet) over the entire surface of the Nd-Fe-B sintered magnet; then
to performheat treatnent at a predeterm ned tenperature; and to

t her eby honogeneously diffuse the Dy and Tb that have been deposited
(formed into Mn) on the surface into the grain boundary phases of

t he magnet (see non-patent docunent 1). [Non-patent docunent 1]
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{0007]

By the way, if, e.g., the coercive force is further improved, a permanent
magnet having strong magnetic force can be obtained even if the thickness
of the permanent magnet is made thin. Therefore, in order to try to
minimize the products using this kind of permanent magnets by deceasing
the size, weight, and power consumption thereof, it is desired to develop
permanent magnets having higher coercive forces and higher magnetic
properties as compared with the above-described conventional art. In
addition, since there are used Dy and Tb which are scanty in natural
resources and stable supply cannot be expected, it is necessary to efficiently
perform the film formation of Dy and Tb on the surface of the sintered
magnet and diffusion into the grain boundary phases, to thereby improve
the productivity and reduce the cost.

[oo08)

Therefore, in view of the above-described points, it is a first object of
the invention to provide a permanent magnet which has extremely high
coercive forces and high magnetic properties, and it is a second object of the
invention to provide a method of manufacturing a permanent magnet of
extremely high coercive foreces and high magnetic properties, in which the
permanent magnet can be manufactured at a high productivity and low cost.

[Means for Solving the Problems]



[ 0007] By the way, if, e.g., the coercive force is further

| nproved, a permanent nmagnet having strong nmagnetic force can be
obt ai ned even if the thickness of the permanent magnet is nmade thin.
Therefore, in order to try to minimze the products using this kind
of permanent magnets by deceasing the size, weight, and power
consunption thereof, it is desired to devel op pernmanent nagnets
havi ng hi gher coercive forces and, higher nagnetic properties as
conpared with the above-descri bed conventional art. In addition,
since there sed Dy and Th which are scanty in natural resources
and stable s pg?y cannot be expected, it is necessary to efficiently
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probl ens, g?s%wfiﬁ%ﬁa PBFS%%ﬁe@tﬁmt?wg mageehankhe mehghetanssabngimaterisl
claim1l co | .m n t ep of evaporating netal
evapor at i ngga%aﬁﬁg a@%ﬁ?ﬁloﬁﬁ% lgqﬁ’lreast one of Dy and Tb and
adhering evdpo1e} ed netal atons to a surface of an iron-boron-rare
earth sintered magnet; and a diffusing step of perform ng heat
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boundary phases of th Si nterﬁ)gd magnet. The netal evaporat] n%h .
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of Nd. Thus, in addition to the improvement in the magnetocrystalline
anisotropy, the strains and defects in the grain boundaries are repaired to
thereby possess a higher coercive force. In addition, since Nd, ete., unlike
Dy and Tbh, takes a spin orientation in the same direction as Fe, remanent
flux density and maximum energy product become high. As a result, as
compared with the conventional one, it is possible to obtain a permanent
magnet that has higher magnetic properties. On the other hand, the
eutectic point of Nd-Fe is lower than the eutectic point of Dy-Fe or Th-Fe (by
about 200°C). Therefore, the diffusion velocity of Dy, Tb becomes higher in
the grain houndary and, as a result, the diffusion process can be performed
at a shorter time, thereby attaining higher productivity.
[0011]

Preferably, the metai evaporating material further comprises at least
one material of the group consisting of Al, Cu, and Ga. According to this
arrangement, due to pluralistic eutectic effect, the melting point of Nd-rich
phase lowers. The diffusion velocity of metal atoms of Dy and Th further

increases. In other words, in the diffusion process, elements of Al, Cu and



According -to this invention, by containing at |east one of Nd and Pr
in addition to at |east one of Dy and Th, Dy and Tb are repl aced by
the grains of Nd. Thus, in addition to the inprovenent in the

magnet ocrystal | i ne ani sotropy, the strains and defects in the grain
boundaries are repaired to thereby possess a higher coercive force.
In addition, since Nd, etc., unlike Dy and Th, takes a spin
orientation in the sane direction as Fe, remanent flux density and
maxi num ener gy product beconme high. As a result, as conpared with the
conventional one, it is possible to obtain a permanent magnet that
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[0013]

If the film-forming step comprises; a first step of heating the
processing chamber to evaporate the metal evaporating material disposed in
the processing chamber to thereby form metal vapor atmosphere in the
processing chambey; and a second step of transporting the sintered magnet
that has been maintained to a temperature lower than the temperature in
the processing chamber to thereby selectively cause the metal atoms in the
metal vapor atmosphere to adhere to, and deposit on, the surface of the

sintered magnet due to a difference in temperature between an inside of the



If the filmform ng step conprises; a first step of heating the
processi ng chanber to evaporate the netal evaporating materi al

di sposed in the processing chanber to thereby form netal vapor

at nosphere in the processing chanber; and a second step of
transporting the sintered magnet that has been maintained to a
tenperature | ower than the tenperature in the processing chanber to
t hereby selectively cause the netal atons in the netal vapor

at nosphere to adhere to, and deposit on, the surface of the sintered

magnet due i, f LRqt er.afure between an inside of the
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in the processing cha e netal ~evapora ai ni ng

at | east oh&hofield) thdkebgarddubigsithe®oéQr med (deposited) to the surface
of the sintered_nagnet at a high speed. [0015] On the other

hand, it nmal0elso arranged that the fil mforming step and the

di ffusing step,arg. perforped by; disposing and heating the tal .
evapor at i ng ol thisf caseg wetaleyanerraigisphere 1§ @aﬁ*@aﬁ\”{?&gg Stafg in

chanber to : e | . i@l C L ng
he. evapor aert ot SRandeF HsCEl s P b diE B s Phing G 13641
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tenperature, the adhering being nmade ile adjusting an anount of
suppl y of mhagngkati hglepeedand di ffusing the adhered netal atons into
the grain te)fbmgiry phases of the sintered magnet before a thin film
made of th | evaporating material is forned on the surface of

the sintered mdgnge oftRQ4BInd, it may be so arranged that the film-forming step
and the diffusing step are performed by; disposing and heating the metal
evaporating material and the sintered magnet In a same processing
chamber to thereby evaporate the metal evaporating material; causing the
evaporated metal atoms to be adhered to the surface of the sintered magnet
that has been heated to substantially the same temperature, the adhering
being made while adjusting an amount of supply of the metal atoms; and
diffusing the adhered metal atoms into the grain boundary phases of the
sintered magnet before a thin film made of the metal evaporating material
is formed on the surface of the sintered magnet.

[0016]

According to this arrangement, the evaporated metal atoms are
supplied and adhered to the surface of the sintered magnet that has been
heated to the predetermined temperature. At this time, the sintered
magnet is heated to the ftemperature at which the most appropriate
diffusion velocity can be obtained, and the amount of supply of the metal

atoms to the surface of the sintered magnet is adjusted. Therefore, the
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According to this arrangenment, the evaporated nmetal atons are
supplied and adhered to the surface of the sintered magnet that has
been heated to the predeterm ned tenperature. At this tinme, the
sintered magnet is heated to the tenperature at which the nost
appropriate diffusion velocity can be obtai ned, and the anount of
supply of the netal atons to the surface of the sintered magnet is
adj usted. Therefore, the netal atons adhered to the surface are
sequentially diffused into the grain boundary phases of the sintered
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di sposed imearhbepnafaesiindhecdiatebed niseneardaadod eestruineds ePast meceszase
t he anobunt of evaporation at a constant tenperature, thereby
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supply of t% tal atons to the surface of the sintered nagnet can
be advant ag:}eous y adjusted without the change in the constitution of

the apparatus BUdhs cfsdd if tHRSiRIcR¥d Hdihed a2BRAE Fh&aPBTApdratingRhRARHINT
or decreasing the anount of supply of the nmetal atonms to the surface
of the sirrerdidposegnet .a 0048Je from each other, when the metal evaporating
material is evaporated, the melted metal evaporating material can be
prevented from directly getting adhered to the sintered magnet.
[0018] |
In addition, if a specific surface area of the metal evaporating material
to be disposed in the processing chamber is varied to increase or decrease
the amount of evaporation at a constant temperature, thereby adjusting the
amount of supply of the metal atoms, the amount of supply of the metal
atoms to the surface of the sintered magnet can be advantageously adjusted
without the change in the constitution of the apparatus such, e.g., as
providing a sepafate part for increasing or decreasing the amount of supply
of the metal atoms to the surface of the sintered magnet.
[0019] |

Prior to the film-forming step, in order to remove the stains, gas and

moisture adsorbed into the surface of the sintered magnet before diffusing




Prior to the filmformng step, in order to renpve the stains, gas
and noi sture adsorbed into the surface of the sintered nmagnet before
diffusing the netal atons of Dy and Tb into the grain boundary
phases, it is preferable to reduce the pressure inside the processing
chanber to a predeterm ned pressure and to nmaintain the tenperature
thereat after disposing the sintered nagnet inside the processing
chanber. . [0020] In this case, in order to accelerate the
renoval of the stains, gas and noi sture adsorbed into the surface, it

is prefera , r ehayi rreduced the pr.ocessi chanber .to.
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[ 0021] On the other hand, in order to rendve the oxide filmon
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of Dy, Tb, ,and the_ like in‘io t he grain _boundary phases, preferably,
prior to tHEPPFiNEthS statszed magnet Msida heprocessingehamberer ed nagnet s

cl eaned by M@%IIB 100221

In this case, in order to accelerate the removal of the stains, gas and
moisture adsorbed into the surface, it is preferable that, after having
reduced the processing chamber to the predetermined pressure, the
processing chamber is heated to a predetermined temperature and
maintaining the temperature thereat.

[0021]

On the other hand, in order to remove the oxide film on the surface of
the sintered magnet before diffusing the metal atoms of Dy, Tb, and the like
into the grain boundary phases, preferably, prior to the film-forming step,
the surface of the sintered magnet is cleaned by plasma.

{0022]

Further, aftei' having diffused the metal atoms into the grain
boundary phases of the sintered magnet, a heat treatment is preferably
performed of removing the strain of the permanent magnet at a
temperature lower than the temperature. Then, a permanent magnet of
high magnetic properties can be obtained in which the magnetization and
coercive force have been farther improved or recovered.

{0023])

Further, in order to solve the above-described problems, the
permanenf, magnet according to claim 13 is made by evaporating metal
evaporating material containing at least one of Dy and Tb and at least one
of Nd and Pr to a surface of an iron-boron-rare earth sintered magnet.
Metal atoms of the evaporated metal evaporating material are thereby

adhered to the surface and the adhered metal atoms are subsequently




Further, after having diffused the netal atoms into the grain
boundary phases of the sintered magnet, a heat treatnent is
preferably perfornmed of renoving the strain of the permanent nagnet
at a tenperature |lower than the tenperature. Then, a pernmanent magnet
of high magnetic properties can be obtained in which the

magneti zati on and coercive force have been further inproved or
recovered. [00231 Further, in order to solve the
above-descri bed probl ens, the permanent magnet according to claim 13
i s made by rating .netal .evaporati terial containing at |east
one of Dy g‘ﬁ%g%%l lélrtﬁ%l gﬁ%%@@%ggﬁ?es@%lﬁ% Sf*‘a‘i eatmagnt ace of an

i ron-boron-[(goggJearth sintered magnet. Metal atons of the evaporated
netal evaporating material are thereby adhered to the surface and the
adhered netal &hotbisacases upsefartdiy,| Yhe dinletals @dapoMa@ing’ ah Ml nelatier

phases through heat treatnent. [0024 In this case, preferably,
the netal EYEPEFEE Rhipashoae matetial ofide gompreossistiag of €xs Alardd Ga.
mat eri al of 6@% group consisting of Cu, A, and Ga. [0025] In
addi tion, tke tal evaporating material may further conprise at
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WY YD B8 B2, G4, Ge, BE Ho, In, K, La, Li, Lu, Mg, Ma, Mo, Na, Nb, Ni, P
Pd, Ru, S, Sb, Si, Sm, Sn, Sr, Ta, Ti, Tm, V, W, Y, Yb, Zn, and Zr.
[ Effects of the Invention]
[0026]

As described hereinabove, the permanent magnet according to the
invention has an effect in that, as compared with the conventional one, the
coercive force is higher with high magnetic properties. According to the
manufacturing method of manufacturing the permanent magnet of this
invention, the permanent magnet can be manufactured with high
productivity at a low cost.

[Best Mode for Carrying Out the Invention]
[0027]

With reference to Figs. 1 and 2, a permanent magnet M of the present
invention can be manufactured by simultaneously performing a series of
processes (vacuum vapor processing) of: a film-forming step in which metal
evaporating material V to be described hereinafter is caused to be
evaporated and the evaporated metal atoms are adhered to a surface of a
Nd-Fe-B sintered magnet S machined to a predetermined shape; and a
diffusing step in which the metal atoms adhered to the surface of the
sintered magnet S are diffused into the grain boundary phases so as to be

homogeneously penetrated.
[0028]




[Effects of the Invention] [0026] As descri bed herei nabove, the
per manent magnet according to the invention has an effect in that, as
conpared with the conventional one, the coercive force is higher with
hi gh magnetic properties. According to the manufacturing nethod of
manuf acturi ng the permanent magnet of this invention, the pernmanent
magnet can be manufactured with high productivity at a | ow cost.

[ Best Mode for Carrying Qut the Invention] [0027] Wth reference
to Figs. 1 and 2, a pernmanent nagnet M of the present invention can

be manuf act ured si mul t aneoysl.y, perfarm eri.es of process .
(vacuum vapor pTB%e%gﬁwg of’?a% r1¥.] I Hff%%em ﬁg@ig’p HRSERT c AR agey| ¥ s
evapor ati ng ' 61 | F:c |

evapor at ed gjr%% t %é%%%/%%?%?% 1('% eﬁ&bgﬁ)ﬂn%%gér’&;’a%%ﬁ%el?’e%#’gﬁgggﬁ %h ace of
a Nd- Fe- B shatiagedtinekneds i3 (765hinned 3 sk i9 hedaifestikab by $he keowandrip
diffusing step in which the netal atons adhered to the surface of the
si ntered nagpsengs methad fhusamwaingh&egr Bi mudouNdany phasedetermined

to be homggoqgf))ous%ign.pﬂ%nrﬁ '%é v, Lagoéﬁéy member having a thickness of about

bmm may be manufactured by the known centrifugal casting method. A
small amount of Cu, Zr, Dy, Th, 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. |

[0029]

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 by using magnetic field
orientation. By optimizing the conditions in each of the steps for
manufacturing the sintered magnet S, the mean grain size of the sintered
magnet S may be in the range of 1 z m~5 2 m or in the range of 7 ¢ m~20u
m.

{0030]

If the mean grain diameter is larger than 7 x m, since the spinning
force of the grains during generation of the mégnetic field is increased, the
degree of orientation is improved and additionally the surface area of grain
boundaries is reduced, it is possible to efficiently diffuse Dy, Tb and the like,
thereby obtaining a permanent magnet M having a remarkably high
coercive force. If the mean grain diameter is larger than 25 m, the rate in
the grain boundary of grains including different grain orientation in one
grain is extremely increased and the degree of orientation is deteriorated
and, as a result, the maximum energy product, remanent flux density and

the coercive force are reduced, respectively.
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The starting material of the Nd-Fe-B sintered magnet Sis

manuf actured as follows by a known nethod. That is, first, an alloy
menber having a thickness of 0.05mm 0.5 mmis manufactured by the
known strip casting nethod by fornulating Fe, B and Nd at a
predeterm ned conposition. Alternatively, an alloy nenber having a

t hi ckness of about 5mm may be nmanufactured by the known centrifugal
casting nethod. A small anpunt of Cu, Zr, Dy, Tbh, Al or Ga may be
added therein during the formulation. Then the nmanufactured all oy
menber is on round by the known hydrogen grinding process and then
pul veri zed bgﬁFﬁ' jet-m Il pulverizing process. [0029] The

sintered magnet Oii‘igﬂ{g g{%‘é‘et g nﬁa%“m%ﬁ#%%%%%ﬁé&? %daﬁfe@id%%ntﬁ‘ﬁm,

ground materi al con tion suc _

rect angul ar tiarse| of|sopglBelbrdindgGydd RRfcrédsed 4, casbyrébiﬂ R drft
field orientation, By optimzing the conditions in each of the steps
for manuf acmtgilﬁ@haWélgsVWeh@ soertive fGrcetdam e abtagned.f She enedn giain

of 7 m 20, Ghaet b%%?aﬁer& 418 96, e granchonmseBs Bpeorhes fant Bl
7gin, si ng&ﬂslgﬁé&'ﬂm'ﬂﬂl Gfieflfo REBEALS o RIAEHEBASAL BlsPhe

t he magneti I's |ncreas the e ree or rent
i mproved anektasidelyi sytahflyd hhé {RUS ﬂ@@ﬁo@mﬁvﬁ;& igh@irBodt@undaries is
reduced, it ssible to efficient di ffuse Dy, Tb and the I|ike,

t her eby obta(ﬁﬁgg a permanent nagnet M having a renarkably high
coercive force. t he e grain dianmeter is Iarger t han 25 1ngathe

rate in the gra%ﬁ B g Zg PV ASUYH Y RRATNET WL FSIRE SHRPAGAHIS
orientati ongJRuNendhdd 18 ﬁxghfdﬁ%ypféégﬁf{‘%&ﬂ e iR ad58] Ok 5@ at a
orientation 1s deteriorated an as a resu he  nmaxi mum ener

product, repmdeterndihed plessirteand X 16 Taordh vh baic@taigemeads d¢duch
respectl vely. [0031 On the other hand if the nean grain
di amet er i 4% hrhogpolegrlarspump, ChonaER, diffusion [paeio namd b &‘a]ﬂk% There

coor ot ve. t aneeoBl B8kl oRShPET T a R bahald ortrie  Feldnape,

than 1 9. i far5liBRGifdae Hikaipar oA HYi T8bb 9&&' it g&ﬁi qdp
the tine required for performng the di g process must b
extrenely ekﬁmdﬂéﬂyanﬂnﬁhdmnﬂhecpendupbfﬁhdbbx§aMﬂEB£ned

[0033)

A downwardly bent flange 131 is formed over the entire circumference
of the lid part 18b. When the lid part 13b is mounted in position on the
upper surface of the box part 13a, the flange 131 is fit into the outer wall of
the box part 13a (in this case, no vacuum seal is provided such as a metal
seal), so that a processing chamber 130 is defined which is isolated from the
vacuum chamber 12. It is so arranged that, when the vacuum chamber 12
is reduced in pressure via the evacuating means 11 to a predetermined
pressure (e.g. 1X 10~ %Pa), the processing chamber 130 is reduced in
pressure to a pressure (e.g. 5X 10 *Pa) that is higher substantially by half a
digit than that in the vacuum chamber 12.

[0034]
The volume of the processing chamber 180 is determined so that the

metal atoms can be supplied onto the sintered magnet S directly or from a
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[ 0032] As shown in Fig. 2, a vacuum vapor processing apparatus 1
has a vacuum chanber 12 in which a pressure can be reduced and kept
at a. predeterm ned pressure (e.g. 1 x 10 'Pa) via an evacuati ng
means 11 such as turbo-nol ecul ar punp, cryopunp, diffusion punp, and
the Iike. There disposed in the vacuum chanber 12 a box body 13
conprising a rectangul ar parall el opi ped box part 13a having an open
top and a lid part 13b detachably nounted on the open top of the box
part 13a. [0033] A downwardly bent flange 131 is forned over the

ti ' f . of .the lid t 13b. Wien .the lid pgrt 13b j
mount ed | Lgﬁﬁéﬁff g’ﬁ&aocf%qpée@b%@e%%ﬁfsga@rﬁfc : Olb‘gkn"p‘a?@gé@&}ont trféie
flange 131a{gabb trdeNiBKEdEE 8\5’&&?03&{’@ %ne?eh $A%e zﬂf\(paf']ﬁ o gz%tﬂl%eb'aﬁd
case, no vacuumseal 1Is provi ded sucn as a neta sea%, 38 alt a

processi ngtlehHdlyeirt 138 die siefibnesll whickRebsesi oA b6 td b MeldienadagBym
chanber 12, It is so arranged that, when the vacuum chanber 12 is

reduced i nheated hyrihehestitgmeans tabedesembed heteinafier, pmddeanaile ofia
pressure (e.9g. .1 5Pa), th ogessi ng chanmber 130,i s reduced in
pressure t’&la'gerﬁ?]e@é%@e? 8%5?93@’?%%&‘%9?%%&%@%%@@%@3\%nt ially

by half a digggsjthan that in the vacuum chanber 12. [00341 The
vol ume of the processing chanber 130 is determ ned so that the netal

atons can be slippthadwonls iheasd MigOadwhi@nat oBedi hS6d liM i JrAdAr§
plurality of directions by repeating several collisions, in

consi der at Yasiugt apparaiipsr ggused sdiest thee sethl evapoatingdmaterinl Maiseanal
V. The b t d.+he lid, t 13h.. t.i t hi ck

s0 a5 not HHEE JB GiledbuRkErh i AcROTIAL THah D grHo s 1 Bgcvaper
descri bed NG@REH Would Mag FithPAE, Qf dhd Rirf bFodichdor 305510k bn 1BEC!

wi th the netal "evaporating mater
surface, resulting in easy breakage of the box body 13. Accordingly the box

body 2 is made, e.g., of Mo, W, V, Ta or these alloys (including rare earth
elements added Mo alloy, Ti added Mo alloy and the like), Ca0O, Y,0, or
oxides of rare earth elements or structured by heat insulation member on
which said elements or alloys are coated as inner lining. A bearing grid 132
for example of plurality of Mo wires (e.g. 0.1lmm~10mm ¢ ) is arranged at a
predetermined height from the bottom surface in the processing chamber
130 on which a plurality of sintered magnets S can be placed side by side.
On the other hand, the metal evaporating materials V are appropriately
placed on a bottom surface, side surfaces or a top surface of the processing
chamber 130.
[0036]

As the metal evaporating material there is used one which contains: at
least one of Dy and Th which largely improve the grain magnetic anisotropy
of principal phase; and at least one of Nd and Pr (in this case, there may be
used didymium which is an alloy of Nd and Pr). The evaporating material
V is mixed at a predetermined mixing ratio and by using, e.g., an electric arc
furnace an alloy in bulk form is obtained and is placed in a predetermined

position in the processing chamber 130. It may also be so arranged that Dy,
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[ 0035] In other words, in case Al 203 which is often used in an
ordi nary vacuum apparatus is used when the netal evaporating materi al
Vis an alloy of Dy and Th, there is a possibility that Dy and Nd in
t he vapor atnosphere would react with Al 203 and form products of
reaction on the surface, resulting in easy breakage of the box body
13. Accordingly the box body 2 is nade, e.g., of Mo, W V, Ta or
these alloys (including rare earth elenents added Mo all oy, Ti added
M alloy and the like), Ca, Y202 or oxides of rare earth el enents or

structured ; [ ' i.ch i nt r_all.ovs
ar e coat od A8 AR kLEh O RER R0 M AT o N PR hsHY aifly X
plurality okegdratdly edispésed. iW.th@Mprocd Oghamb& aB0agm0ad paddedermined
predeterm ned height fromthe bottom surface in the processing
chanber 130wstghifrah. a plurality of sintered magnets S can be placed
si de by side 03;} the other hand, the netal evaporating materials V
are appropri q } pl aced on a bottom surface, side surfaces or a top

surface of the m&@ﬁﬁﬁ]&m@mﬁrgg&&t, ﬁg@ghon to thésfaégga]%g%@he time

evaporating materia ere Is us one contal ns: one

of Dy and Téf diffucionl intghe/giainbeuadiiep BasisNDFETBEL eptdted Wy NAYPH  of
principal phase; and at |east one of Nd and Pr (in this case, there
may be usedgdfiiaypartisleatiodherebyaimprdveythef crivgtadtide Pnjgnetiveamvolyopntthag
material V js_JiXxe t predeterm ned m,xi.ng rati o and by usjing, ..
e.g., an el TEEH Engr‘gef?%?n%’cgﬁ%rgr%q g?“’?lnhmﬁﬁgl@rf’ o‘iei?ﬂr§goﬂ‘%i'§?%l@ﬂ%aﬁgu
is placed ig E@}g%‘%n&' Ll i o] i

It may al soﬁggego arIrangeagiajté’%gtg §égys%émeﬂﬁ %&%Bilgé’ ?%?%}g@aﬁﬁ%g?%kﬁﬂ%?‘e
formor thefhe spinogrientdtithn, Panldke theiandalboynatie: separ atiehtatibns pe sk

in the procfg]ssi ng chanber, 130 at a predeterm ned wei ght ratio. 100371
Accor di ng tiderebssresnlangdrentishes remanend flwo deneity aod mpzimusy engrgy

] f diffusion into fh in bound h Tb) | | aced
by N (e PR, A 8 AGORRL PR RE e RIS S erRar P madndiFlA R
magnet i ¢ anitaPhigh¥ in tﬂ@g@ﬂ@ﬁzﬁp@ﬂ%sdﬁfai%% djo%vbﬂﬁoﬂéblgéﬂé. by g ber

are repaired, whereby a still higher coercivity can possessed. In
addi tion, shange shtedhe dutectid heint ak Nd-Fe is hiwemliowat by iabout 8001 ehiy

and Th, in the sanme orjentatign as thereby resulting in a _higher

remanent fl %’zﬁ%ﬁ"c poizf d’f%&'%ﬁlﬂ’ﬁ 'Eg%reg)‘/h?) daidigion vadocityr @iyt To iR dhe

can be obt g ] ‘ LS .St | P I

o oper i o5 FAGn PRRFTR0Ren ROEhel WA, b adleshir, Phi dfusidh 1RG Fi Be

eutectic pgjeroriedNet EesHowt RUE tHIrOWE athinROHhidAQSzbdhibAvity.neln this

eutectic point of Dy-Fe or Th-Fe, the diffusion velocity of Dy, Tb in
the grain esadéthemndiakeraporaiigharatanad) Vasordamesatl leastt dve of Nl uaidobir,

step can be,perforned at short tinme, thereby attajning high .
or oduct i vi (5 CPRFEEYR Dreaethe yermanen apensiicram e, Jrospective

cont ai ns atof'tﬁé‘%ﬁiﬁﬂgﬁ o R 90d o E rcgm&:ﬁ?ed? QRLE HKE cé%g ﬁfﬂ@ﬁcﬁ Df1east one

per manent nmagnet e I ncréase , lrrespective mring ratio

(Wt 99, as ofDWwatdThvk ikeddiheGastlicRapbiatthgdinak@agtvone of Dy and Tb
i s nmade the[ggésall evaporating material V.

Preferably, the metal evaporating material includes at least ome
material of the group consisting of Al, Cu, and Ga. According to this
arrangement, due to pluralistic eutectic effect, the melting point of Nd-rich
phase lowers. The diffusion velocity of metal atoms of Dy and Th further
increases. In other words, in the diffusion process, elements of Al, Cu and
Ga find their way into the Nd-rich phase to thereby form a complicated
eutectic of Dy(Th)-Nd(Pr)-Fe-Al (Cu, Ga), and the like. In this case, the
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10038] Preferably, the metal evaporating material includes at

| east one material of the group consisting of Al, Cu, and Ga.
According to this arrangenent, due to pluralistic eutectic effect,
the nelting point of Nd-rich phase |owers. The diffusion velocity of
netal atons of Dy and Tb further increases. In other words, in the
di ffusion process, elenents of Al, Cu and Ga find their way into the
Nd-rich phase to thereby forma conplicated eutectic of
Dy(Tb)-Nd(Pr)-Fe-Al (Cu, &), and the like. In this case, the
eutectic poj i -::PJ?PB Lehi s near..t i .1 ¢l es
is |lower i nég%gﬁeﬁg% H?;h‘gd%%l lﬁ?opl o §§%}{]§%€Ha§s %%%p%lre 2%3%{ ?‘kﬁ flggegé fowes

eut ecti c poimtase of fhe bolgeupic sysee® &f chyphddTRifhethe JRERE Qoft dfhe
di ffusion velocity of the netal ataoms of , Tb becones still faster.

I'n addi ti onbingeyt$vstamnel By He(lbuEelon Therebus, thhdiffasivhevelbeitniofghe

effect as a_r | of ratj an of the.abpve-descrihed ele ts.for

the grain p?ﬁ?@gﬁ,@,sgggﬁﬁwt cﬁqunﬁ]iaé\étqrn l'hél tﬁ%t?ﬁﬂ? dirge of
h . : . ‘

CarLTe ATOLBE bkl 458 TSRO 5 SRAH B55pce e

result of preferential oxidation o

there can bgbohtdisndbed chanemrcht thagrein phsticlbaard &hé kb ahi Blafdase in
coercivity. In this case, as a result of positive reaction with

har nful el efgnefeefikenrare eaviliscamount rhiec boidhe freduttien |afvidiei rapei parth
coercivity, t.he effect of detri ment, can be | red. 039 I n
oy Vo Lililee & SEhml o eb-ERhe! SPlaghe abe Abouy deslked ements,

met al evap j j i : -
ot or. ol of ke B8 cBtifed & Pebnnt Rhghtglat 3 Y s AR Wogreivigy:
Cs, Er, Eu,IrFhis Gase, @8 ,a tdbulthd pobitivdseaktion btith hdrmb@l, cldaenbdsudioas C
Nb, Ni, P. Pd, Ru, S, Sb, Si, Sm Sn, Sr, Ta, Ti, Tm V, W Y, Yb,
Zn, and Zr VBEhdsthecapse deiheclowegingin' erexpivity, e eff§ad@fdletriment gan
heat i ng megns 1Aéri$ arranged in the vacuum chanber 12. The heating
means 14 is n@ e 0" a material that does not react with the netal
evaporating [pagglial V, in the same manner as with the box body 13,
and is arranged so as to enclose the circunference of the box body
13. The heat i ngmeales tdobiminade stmefeffecthasnthe drivs dbsdribegl abidwy, ithb

of Mo make which is provided with a reflecting surface on the inner
surface t hePeH svaneratinsmateriak Y Haay durthar compxrisgias pepsd prenmefarial of

i nner side fil nty of ke~ B atd ng t

et 1 0° ghggh NS A4 TR n s RS, B NG b

chanmber 13QG4,sHf, 'Hb, TR |, YL41e@T @/, Mg, Mn, Mo, Na, Nb, Ni, P, Pd, Ru, S, Sb, Si,
Sm, Sn, Sr, Ta, Ti, Tm, V, W, Y, Yb, Zn, and Zr (hereinafter referred to as
“element A”).

[0040]

(o]

A heating means 14 is arranged in the vacuum chamber 12. The
heating means 14 is made of a material that does not react with the metal
evaporating material V, in the same manner as with the box body 13, and is
arranged so as to enclose the circumference of the box body 13, The
heating means 14 is made up of a thermal insulating material of Mo make
which is provided with a reflecting surface on the inner surface thereof, and
an electric heater which is disposed on the inner side thereof and has a
filament of Mo make. By heating the box body 13 by the heating means 14

at a reduced pressure, the processing chamber 130 is indirectly heated
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t hrough the box body 13, whereby the inside of the processing chanber
130 can be heated substantially uniformy. [00411 Then a
description will be nade of the manufacture of a pernmanent magnet M
usi ng the above-descri bed vacuum processi ng apparatus 1 by perform ng
the nethod of this invention. First of all, sintered magnets S nade
in accordance with the nethod descri bed above are placed on the
bearing grid 132 of the box part 13a, and an alloy of Dy and Nd to
formthe netal evaporating materials V is placed on the bottom

rotal - evapor SETIHE HE i BP Yo Belald Bubie Sl R G Saei o 120
the processicag He'taahed sdB&hntiflly ShifddMiL ﬂg mounted in position the lid

part 13b on the open upper surface of the box part 13a, the box body
13 is pl aced [PB4H predet er nmi ned posr tion enclosed by the heating
means 14 in the vacuum chamber see Fig. 2). Then through the
evacuat i ng meansihen ?rﬁ@S%}ﬁ’E}QmVéﬁa grade of $he yneuperarnfi 2 pepmanent

Chanber 130 raish i Athe $EE e Bedtibey SafSine, MaobomSind (SRRREARE 1 by
hi gher t hanf}})ée?féré@n #eRd matholl NS tEO SeRHtRE:. CaRRelr APGih&rB8ahagntY s

operating t heating neans 14 when the vacuum chambér 12 has reached
a predet er ninmade pxneas:swdanc{s Ofthlthe metWbénidstubédmbevatareeplaged hm the
processi ng %hanber 130 ? reached aégr edet erm ned t enper at ure under
the reducedPgrE8g gyl 1358 ﬁh@hpwaatp bo &rm

bott om surf f ces ed to.the

subst anti al yeetggr% IPZIFT‘%{%‘ a a? glgc{; Iﬁ?%edgggl%hk&(ﬁﬁ\ eSrME% Ofamf box
starts evapgnsf i 94 (thaRAhaCERtcbd %a/glﬁatér%t #hd YEP BletAl ERIRPRERE Materials
formed inside the processing chanber 130. Since the sint ered magnet s
S and net al Vexrmpbepesedwiamt Boimbach aiher ih shopesteasing cHasiband@0).r offter
each other,_ when evaporation starts, the netal evaporating mat er i al

Vowill not Bavens@erpipdimeqsiidon ghe Kd narhd b on thagien uppansyetaca of tee
Nd-rich phaggy d, Hfle pERDARIA 1O B 5 PR AL Rl N distioh ntfdGed

met al vapor at iosphere are sup 1488 °6

sintered mappetheShbdfhednésna 1r4em)ehat¢a@auﬁyl@ﬁaa4m ald Yséehg'l%aﬂ)? P§en
that of the nmetal evaporating material, and the adhered net at ons

are diff usethiongh thﬁ @ng@ﬁmg)maarl;l thh amesunt chamebesi 12 i edcuatrbent]

t hereby obtainin net M
y f Teathed §%rode ot hming pressure (e.g. 1 X 10~ *Pa) (the processing

chamber 130 is evacuated to a pressure substantially half-digit higher than
1X107*Pa) and the processing chamber 130 is heated by operating the
heating means 14 when the vacuum chamber 12 has reached a
predetermined pressure.

[0042]

When the temperature in the processing chamber 180 has reached a
predetermined temperature under the reduced pressure, the metal
evaporating material V placed on the bottom surface of the processing
chamber 130 is heated to the substantially same temperature as the
processing chamber 180, and starts evaporation, and accordingly a metal
vapor atmosphere is formed inside the processing chamber 130. Since the
sintered magnets S and metal evaporating material V are disposed at a

distance from each other, when evaporation starts, the metal evaporating
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[0043]. As shown in Fig. 3, in case a filmforning step and a

di ffusing step are perforned at the sane tinme, when netal atonms of Dy
and Nd in the netal vapor atnosphere are supplied to the surface of
the sintered magnet S so that a layer (thin film Li containing Dy
and Nd can be fornmed, Nd deposited on the surface of the sintered
magnet S as recrystallized will extrenely deteriorate the surface of
t he permanent nagnet M (surface roughness becones worsened). In
addition, Dy deposited on the surface of sintered magnet S that has
been heated to substantlally t he sane tenperature during the

processi ng X Y. S {

Feai on Ri-naatRl TonAl b 6P HhlAr Mol "Bl Co R g BB § e
magnet i c pr@:aﬁctel Nd- r@dﬂﬁﬁhseb% alcledt i ‘I\hEYmbfﬂlra%ﬁﬁ WDWWrNQ(Pr) in
100441 That is, if athin filmcontaining I's once

formed on tihe metdlavepar atmespdiere earedsupegieet a8d adimraddloadfe surface of
conposi tion,. he sintered magnet 'S_becones Dy-r.ich

f
conposi ti orf ™ O%Fﬁgg%%gﬁﬁ‘?agﬁ d £ Aemperainre subgiantily the spma dsy }f?r?é’ﬁe

t enper at ur CHRRR
melted (i. E{—, E aqpre?’% ?%%&%Eg%gﬁgl %q[ pgdagﬁ%&dh%eg%mg#ﬁ# s?gl I qU|
phase incr dﬁﬁceslie grsin dbogdely phba s dfefeinftadd nhdhes 8, ftReR by othﬁ:ung
sintered magnet S is nelted and col l apsed and thus the asperities

i ncrease. |a1pmnqr@rmaggetel\&cessu vely penetrates into the grains
toget her w ZQ gajearge anount of |iquid phase and thus the maxi num
energy pro 8 xhibiting the nagnetic properties and t he remanent

flux density ar r Qﬁ#ﬁ S?&c
exanpl e of the jgsrée&sgeiﬁﬁ{ n%?gﬁgse %0\},3:385 ng rrat erl gﬂﬁé}%ﬁ are
bul k form @emsmatataﬂﬂeysapmfmeawheﬁa@et)al RaYine Gf Dy Rl ING uh fthe emataga

per unit volune (specific surface area) is disposed on the bottom
surface of VERer giwesakarsprehsmmdied1BOtha surfage oh the sintered mamtg?htso

of the sin d net,.so reduce t he anou eva t|o L.a
constant t ﬁ% raag%? bihﬁ aﬁ%?i(it}n Wf’éﬂmﬁgwﬁ%ﬁ“ﬁ I\g‘{/é’ﬁf}rﬁ , N

mat eri al Vd'eﬁoé?t’e@%ﬁ b stifgcd %T%eaélﬁ'%&e‘dnn}z{%ggr@%%s Pﬂ%ﬁnﬂéaewm

130 is arranged to be set to a range of 800C prefera

900C- 1000Celtrenary rd:slthnngatbhéad'learfang ofedins pedramegt mbgnetaﬂ\tir Guefhce

vapor pressure of is about 1 x 10-2---1 )< 10 i Pa when the

t enper at ur EORghnass b&%‘@éﬁ Torgeradnbbr additonn @y depordjed on the surface of

gintered magnet S that has been heated to substantially the same

temperature during the processing is melted and excessively diffused into

the graing in a region Rl near the surface of the sintered magnet S, and

thus the magnetic properties cannot be effectively improved or recovered.
[0044]

That is, if a thin film containing Dy and Nd is once formed on the
surface of the sinfered magnet S, the average composition on the surface of
the sintered magnet S becomes Dy-rich composition. Once the Dy-rich
composition is formed, the liquid phase temperature lowers and the surface
of the sintered magnet S becomes melted (i.e. the principal phase is melted
and the amount of liquid phase increases). As a result, the region near the
surface of the sintered magnet S is melted and collapsed and thus the
asperities increase. In addition, Dy excessively penetrates into the grains

together with a large amount of liquid phase and thus the maximum energy
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[00&61 |f the tenperature in the processing chamber 130
(accordingly the heating tenperature of sintered nmagnet 5) is |ower
than 800C, the velocity of diffusion of Dy atons adhered to the
surface of the sintered magnet S into the grain boundary phases is
decreased and thus it is inpossible to make the Dy atons to be

di f fused and honbgeneously penetrated into the grain boundary phases
of the sintered nagnet before the thin filmis forned on the surface
of sintered nagnet S. On the other hand, at the tenperature exceedi ng

1050C, the yapor. pressure increases and thus nefal atons in_.the, vapor
at nospher e %Ifogu& g%@@@l‘g)ﬁ UPBEREYC PSW%@’@L&#‘%@%Q S?m?ﬁ%“tsﬂﬁf‘é*eéﬁﬁy
magnet S. | freaghgiHdrQorsbh&q e is a possibility that Dy woul d be

diffused into the grains. Should Dy be diffused into the grains, the

magneti zati dP0dB}lthe grains is greatly reduced and, therefore, the
maxi mum ener gy Rrodu_ct and the remanent flux density are further
reduced. [004714ccording jo,the eregmple off treupvesppt amventivn; mesal peapprating

b d . hinfi,l i ni.nQ. d is f d
on-the Sur HREHA°YREE IR BT (sl SGRY | Dtefiord) «fbe) Raviie 8 FRate
area of thel@l afMARRE3HR%y i 15%]30?6@'3&932?%955 EQ%%%%@SEP ttf]%lg

surface of the processing cha to a tot surface

si nt er ed nemptm Sulifapost dhe grrotémsime ahhndhegr 130 1822 irgtibhef probE¥%s by
chanber 130 is set to be in a range of 1X 10" X 10. In a ratio other

than the rcHpight gf the sanfered magnet e as thapducy thecameuninpbeeappration at

predetermned thin film.is forne n the surface af the sintered.
Pmgnet S s tenmtratuie TR0 Hon, 3ohéiy the G heyatraligh BatrnakY
cannot be QiR H64Nd, Bhb hédps < Lhedy 1310 250l
preferably fg}%’l wi t hi E a %%R iﬁgfe gﬁ%%g%§%ﬁg%%8%$@5%§bt1ﬁe éed to
above- deschielzed to atiamgefol BOR'G~10501G profeeablyed@r @bl WOO[O ®MBdontrolling
Accordi ng t‘o:l t he above arrangenent, as a result of a conbined effect
of the factthehpatingweansldiledr thesptyraged yaper prassire obDyHe ahowtered

magnet S i est{ aisned [l t he,vapor..pressure and the a
of “evapor art%hn of Rifle L Ble Bt R R R RO Uinph it AU
t he diffusi-onoe@lyci ty becones hi gher by heating the sintered nmagnet

S at a predeterm ned tenperature range while arrangi ng the average
grain di ame{@@46k the sintered magnet S within a predetermined range,

and by addi ng 3£ Least one of Nd and Pr to qu(h;b) as thg nmet al
evapor at i ng natertfg) teyparpbuys, in thasbrogesing chanthes 530 fagcorémaly,dhe

sintered ffel_c] di.f d,into,the,ai o b ry
phases of ”?'%gﬁéﬁﬁ %i%ﬁgﬁnﬁgn"eftsg‘@t%g‘%‘i }c‘{)nr ;ﬁ’t‘ﬁﬁ% 19‘?‘?1}11?11@ %@j} ﬁegh%%g{&%%y
surface of of AFfisioN 6f BY 4B HeréS 88 t1Hd Gurfide ofthedihRSMd nadft® S into
per manent magnet M can be prevented formdeteriorating on the surface
t her eof , ahbe ghainDowatntyephesisriai deetedsednadbithgs éx seaspassilie diof fuaked
into the gl’ﬁli boundar i i)s near 1ahe sgrface of the sintered magnet. .In
this mannef® By AEMHG EWE\S& P Bemogenersy pereartachiptoythenstaa
Lange; ol Stoufiddly bHaddioif BintH Ainkall 3385 WS thto Hikd WHHY on
the surface of sintered magnet S. On the other hand, at the temperature
exceeding 1050°C, the vapor pressure increases and thus metal atoms in the
vapor atmosphere 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 magnetization in the
grains is greatly reduced and, therefore, the maximum energy product and
the remanent flux density are further reduced.

[0047]
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t he nei'ghborhood of the grains, the magnetization and coercive force
are effectively inproved or recovered. In addition, there can be
obt ai ned a pernmanent magnet M that requires no finishing work and
that is superior in productivity. [0049] When the sintered
magnet S is formed, after having been manufactured, to a desired
configuration by wire cutting as shown in Fig. 4, the magnetic
properties of the sintered magnet woul d be sonetines extrenely
deteriorated due to generation of cracks in grains in the principal

B nce the Dy- MR 48ctiblSh Shiaed Sfh FRE Bt BoT ppti Yol sps nefre "
grai ns negye {hs K f:(ﬂﬁﬁnﬂhgtﬁﬁlagﬂ @E%%r - & (R RERELHMNIsihbGed

vacuum vapor processing (sée e nmagnet1 zi ng properties

and coer cinegnétoB céhearagio efovatabdurfh@0Mh of the ol ki afdralingasateeti
added in the neodym um rra%get of the prior art as a measure to
prevent cYrdierassd a¥ the, boliapnerrfageokthe professingichgmber (339 i adeind

. o \ L ien oh vt : I i ) .
Fosi ot ancBu A Sem G PROESR Ber s dlbhelid TadBesithe B P g
exi sts onheRRobl3ise RImPEATES i9EctHoBTh RSB het AE 1?4{'16'8‘(:432 afigehe 1y

sintered magnet and in the grain boundary phaSes, Is possible to
obt ai n a pestimpeidr thegnehe begibnefaxt 1@ntig high thers asé ofsgsewhsicance
and at nospheric corrosion_resistance wi_thout using Co. Furthernore,
in case Yrefatsyodped thiss fibndg farmed ea the swdaceupt theesinierefangeneteb ed
magnet is dj ffused, since.there if‘ no i.nternetall.ic co

I ound
cont ai ni AP CH S S erRL BERARaRoY BEJueE BRcR Srlen gRkbes,
the netal; 24208, Ofn %s%@ejt@leaafﬂ&%%?@%‘ﬂi@}‘oﬁ?Pﬁﬁféra&Fﬁgafl.ll %ﬂgﬁ?er

magnet S are further efficiently dif
havi ng per fargeed 1 Hd0aboex @S atridtit aboredssciibed aapivadd 10 fred X
peri od of1 ti irrsemgfé giefgi-adi?le.hours) , the operation of the heating
{0048]
According to the above arrangement, as a result of a combined effect of
the fact' that the amount of supply of metal atoms to the sintered magnet S
is restrained by lowering the vapor pressure and the amount of evaporation
of the metal evaporating material V is reduced; that the diffusion velocity
becomes higher by heating the sintered magnet S at a predetermined
temperature range while arranging the average grain diameter of the
sintered magnet S within a predetermined range, and by adding at least one
of Nd and Pr to Dy(Tb) as the metal evaporating material V, the Dy atoms
adhered to the surface of the sintered magnet S can be efficiently diffused
into the grain boundary phases of the sintered magnet S before a thin film is
formed on the surface of the sintered magnet S (see Fig. 1).  As a result,
the permanent magnet M can be prevented form deteriorating on the
surface thereof, and the Dy can be restrained from being excessively
diffused into the grain boundaries near the surface of the sintered magnet.
In this manner, by having a Dy-rich phase (a phase containing Dy in the

range of 5~80%) in the grain boundary phases and by diffusing Dy only in
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means 14 is stopped, Ar gas of 10 ICPa is introduced into the
processi ng chanmber 130 through a gas introduci ng neans (not
illustrated), evaporation of the netal evaporating material Vis
stopped, and the tenperature in the processing chanber 130 is once

| owered to 500C. Continuously the heating neans 14 is operated again,
the tenperature in the processing chanber 130 is set to a range of
450C- - 650C, and heat treatnent for renoving the strains in the

per manent magnet is carried out to further inprove or recover the

Cobst anti cftey SeighBatatE. b B, BEHES, IUE TR GEns e, AR Pl the e, 5 of
the vacuungheRrbRs iﬂ%ro&éﬁoéﬁlrecovgred.n fgf‘egldt lﬁae?'% Ja%ebg r@ﬁgfﬁg R

i nvention, although It has been descri at 'an alloy o

i's used aspernmteak nea@petMitthag ramtiess @) fivishideywwoek antbaeis@ipebrised
an alloy containing Tb with a | ow vapor pressure and at |east one of
Nd and Pr RueductidfYe of heating tenperature (900C 1000C). O el se, an
al l oy cont ||a|4$? both Dy and Tbh and at |east one of Nd and Pr nay

al so be us 8 is so arranged that there is used a netal

gvaporating MaWgehalth¥ | dobibll TRLMANS NaY! Akl @ MlerSARRIAL C been

surface area in order to reduce thée anount of evaporation at

certain t enprufiictured, Hoaalesired wohfigutativei g whtaeitethgt dxeslatnm in Figraty

be so arranged that, a pan having a recessed shape in cross section is

di sposed ithei asREichsxopraties 166 the siviersdh mageeie waldt he saapelimes
rm.to,t

ti ial Vi I f bul k f by .
reduce t n SR Bvertprked WP dn Fepraiin vf ScKspt EPRS A BEMERhe
the metal vaRGKahe e TRE e JifhE® hienddRee Fikl 4 (HPOHowever since
illustrated) having a plurality of openihgs nmay bé nounted. 10053]

| n t he exdhpllRy-oicht pieaser Esfontedrnoretid dusidé tof ths drads dbgerinbedar hhe a
sintered mag et@? and. the petal eyaporating material V are disposed
i nsi de tf?é‘-"-’%l“@ $ae sipteretrracreb by nesleraaing the wreyam vapaharsicessing

i 11 or ont CoiEs PR wReBOl b PRG Has BRLR R B IwER ot baadhy

chanber, n¢posd] ustrated), e.g., may be provided inside the vacuum
chanber 12 aside fromthe processing chanber 130, and anot her heating
means for heatGabgltt (o) évexporeat addpdcinatiieene ddympinmy ntkephet Iof theprionwst be
so arranged that, after having ev‘aporaged t he net al evapor%&i ng
material %5 HOEWES {LPTRKGRE sarrBEion afitae faagnets Hawevien aoserdingdp the

at mospher g)r% Ot bﬁvﬁﬁ%hi & de? P;gﬂg% ir#é_laesreeﬂ %&tljegisegyga%ikgﬁcorrosion

processin anbeér t hr'oug m-cal i ng passag _
comuni cakgsistadiRe RMACESIPheFid 20BRE0h3sAGnéd 18 BYAPAFA With Nhankes

together. on the inside of cracks of grains near the surface of the sintered magnet and
in the grain boundary phases, it is possible to obtain 2 permanent magnet
having extremely high corrosion resistance and atmospheric corrosion
resistance without using Co. F urthermore, in case Dy (Th) that has been
adhered to the surface of the sintered magnet is diffused, since there is no
intermetallic compound containing Co in the grain boundary phases of the
sintered magnet S, the metal atoms of Dy and Th adhered to the surface of

the sintered magnet S are further efficiently diffused.

[0051]

Finally, after having performed the above-described process for a

predetermined period of time (e.g. 4~48 hours), the operation of the heating
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[ 0054] I'n this case, in case the netal evaporating material V
contains Dy, the evaporating chanber may be heated to a range of
700C- - 1050C (at 700C -1050C, the saturated vapor pressure is about |Xx
x 10-1.Pa ). At a tenperature |ower than 700C, the vapor pressure
cannot reach a level at which Dy can be supplied to the surface of
the sintered magnet S so that Dy is diffused and honpbgeneously
penetrated into the grain boundary phases. On the other hand, in case
the netal evaporating material V contains Tb, the evaporating chanber

be h d f, 200C-11 ' ) I h
B0 e oS P BRErRh, oS BEA0cPl & MR T Sl
b lied i -
nand. ot o fensbeC1se thARER e B adiEhe BT fluchibdf efhiation
grains and ofile inkealramxipoat e eigyril ¥hscstopped, tdnel tiRnRaesdratdrexin the

density will be decreased [0055] In order to renove soil, gas or
noi st ur e adBFAcBEEng shambes J804eonee lewenedrtodbiignContinyensly sheyheating

Tb di ff d.i,nt.o th in.b | t h i, bl

fedace the PPASE IR oheFHEA Rediane namperatise 5 sheppeaunEpanLa 1807

pressure (ejlsetltoXalibmidads Wb aRsbie @ﬂ@gt@%'ﬂ%ﬂﬁ@sﬁ)xlﬂexﬁéﬁé Ghe
pe tinme after the

keep it at the pressure for a predeterm ne riod o

pressur e i nstramsfindhe permgnehtmzxgned d0cdreie durgto fesihee mpeove RriesSwTe
(e.g. 5 x 10-4Pa) higher substantially by half-digit than the
pressur e i nthen&ogrgitpuiPrgsanbiaallyy that vagium chembpy Hhyisprapidhsiogpled

heat i ng meaR S A 08 TREB ERIaruRarL e BOFdpay i Bokelerriiated tee
period of tyimunl ER28ber 12.
[0052]

In the example of the present invention, although it has been described
that an alloy of Dy and Nd is used as a metal evaporating material V.
However, there may be used an alloy containing Th with a low vapor
pressure and at least one of Nd and Pr in a range of heating temperature
(900°C~10007C). Or else, an alloy containing both Dy and Tb and at least
one of Nd and Pr may also be used. It is so arranged that there is qsed a
metal evaporating material V in bulk form and having a small specific
surface area in order to reduce the amount of evaporatioﬁ at a certain
temperature. However, without being limited thereto, it may be so
arranged that a pan having a recessed shape in cross section is disposed
inside the box part 13a to contain in the pan the metal evaporating material
V in granular form or bulk form to thereby reduce the specific surface area.
In addition, after having contained the metal evaporating material inside
the pan, a _lid (not illustrated) having a plurality of openings may be

mounted.

[0053]

In the example of the present invention, it has been described that a

 sintered magnet S and the metal evaporating material V are disposed inside
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On the other hand, it may be possible to provide a known pl asma
generating apparatus (not illustrated) for generating Ar or He plasna
in the vacuum chanber 12 and to performa prelimnary treatnent for

cl eaning the surface of sintered magnet S by plasna prior to a
treatnment in the vacuum chanber 12. In case the sintered nagnet S and
the netal evaporating material V are disposed in the sanme processing
chanber 130, it nmay be possible to arrange a known conveyor robot in
t he vacuum chanber 12 and to nount the lid part 13b in the vacuum

T the examt Biropmits Bllbn Fo0n: Ehwevreh b Gadet dprtainde b £55
part 13 is siftesédiradehdt & ROY RBE tméda e%&%ggg %ﬁéﬂ&ﬁhf}# Bffferent

nount ed on the upper Surface of the box part wever,
processi ng dhapbeatut@y as avepbedtéds fchambiehelanathernprieasdieg chantig, aah

be reducednitj’ﬂ gress re accongani ed gg_the pressure reduction in_the
vacuum chanBiepsiated) e.g< mpngt be pregded jnside thevecuwmchamdiss i@ asiderfoar
For exanpl e f i t i re net S_into.the.bo
part 13ar ¢ a8 gsStesle B8R a0l A CHROBR AN Iprhur o il tee
meke. |t nmagvhpomitig SesEbO & Pﬁoﬁ&é’cﬁt Y Ghal NBuB 0L ES BiePfhdeAAHAR! aftef
so as to be tightly closed in the vacuum chanber 12 so that the
processi ng daammzreveaordtedptle preddt evaroretingr endearial iingidpe tite ntacaiim

t he vacuum chanber Jb(29 058] . Further, in _the above-descrj bed
exanpl e, a GBa@Peptihsmptal afems imthe yepematnasahese icandy ewppligd to the

per manent L uf, reg in rocess ,of perf ing th
filmforni %ﬂgtgfe%w a?@a%}%g dllﬁ%%ém ﬂbé ng’%&S g R ngelfi 3@6' v@%‘ﬂb‘g}t‘ 2
bei ng |i mi t eemitheriedtdng foaksige Watied cBﬁP&ﬁ@hté@%H@?ﬁcb@éiné’ dRYnie 130
caused to be adhered to, and deposited on, the surface of the Nd-Fe-B
si nt er ed naghéithsevapemasinginhanphen tagpthedet ermined thin film
(filmform ngq p) and, then by perform ng a heat treatnent, the

nmet al evapor (ﬁ% mat eri al that has been deposited on the surface may

o Faused 0 DeIfbasd, kLSS Ee)BrRRMMIAL ROy Bk py, e
magnet . [ 006@dporating chamber may be heated to a range of 700°C~1050°C (at 700°C
~1050°C, the saturated vapor preséure is about 1X1074~1X10"'Pa). At
a temperature lower than 700°C, the vapor pressure cannot reach a level at
which Dy can be supplied to the surface of the sintered magnet S so that Dy
is diffused and homogeneously penetrated into the grain boundary phases.
On the other hand, in case the metal evaporating material V contains Tb,
the evaporating chamber may be heated to a range of 900°C~1150°C. At a
temperature lower than 900°C, the vapor pressure cannot reach a level at
which Tbh atoms can be supplied to the surface of the sintered magnet S. On
the other hand, at a temperature higher than 1150°C, Tb will be diffused
" into grains and thus the maximum energy product and the remanent flux

density will be decreased.

{0055]

In order to remové séil, 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
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In this case, as the filmformng apparatus to performthe
filmformng step, there may be used a vapor deposition apparatus of
the known-construction of electric resistance heating or the one
provided with an el ectron gun. However, in order to increase the
yield of Dy and Tb which are scanty as natural resources and a stable
supply thereof cannot be expected, and also in order to inprove the
productivity by shortening the filmformng tine, it is preferable to
make use of the following filmform ng apparatus 10 in the
filmformn ' r o Fi.gs. 5 and..6, a
filmform ng) #)?Pdrﬁt%%%%dt rc?ﬁ?%%%‘ alt%@?(}gaﬁgﬁlg%lﬁt?ﬁeﬁv@ﬁu Jﬁ}ng means
vertically ¥bangabikeep & #f HeGHekSereCla Bk ddtc?Riinéd PERORLAH}Yafter the
chanber 3. The processing chanber 2 that is positioned on an upper
side is di spiseurd Wsihtepzocesding dhambker 186 hanhekanbdnceDin avpredsurs (e.g.

bl f ' | QinNg. t ' d , Of .g. | 10-
opa) by meahe BTtk ishelt S thpanly ok LA that HBoPTBR BRI the

| el GRSy 104 1 _
o1 ocessi no. Ehanss cgtibeeop AT, 86 pidy i naftiiion iege shdploopeine

whi ch i s opémber 180 kaves., 300708 dedatifiz ¢REHeAtGAIREANY 10 abldSo keep
preparatory chanber 3 through the opening on the | ower surface

t her eof . Thiiy emperadieeiema ndideternpmedipdeiddard tihs. ci rcunf erence with
i nsul ati ng mghial constituted by carbon except for the |ower
surface in | t he soaking plate 21 is open. In a space between the
soaki ng pl ate i atd i t a i
plurality of elzég?ﬁécb egt géga’zgﬁ g%fnrgg%edsgiblga? %m@a %%@é@%u@ggmg
heati ng nmeagemerdtingmPpagatiue (hti ShatrAs@elor RbnetdtingSAPos Hdoplasing i,
by the heating nmeans 23 in vacuum the soaking plate 21 encl osed by

t he i nsul atVasyuphrcbamber 22 and dot perferss ttanrélgninarynirpaiment frratleamiag

tr eat nent anber. 2 by indirgectl eat.i ng.t he processi ng chanber,
L hraugn 't niteoand oY siBeuid Bagnd) 8 By Diddite BrGRohs in frebaRpEn 2he
rovi ded i Rsj Hbh i - t]
P vt on ¢ alelfint 8o bl Aeh sl 4 biniBrd P IR B A2E 6T LA

formed i nt @vaporting aratetiap¥ me digpdsetdlia thetsameyrrosah g chambeenda] it
of granular or_bulk formcan be dj sposed around the sintered nmagnet S
to be noved2fnPs RosElble b amsngy aclnewacopveroraobphis Par Vaek ks ber

which is d rihed hereingfter. The n_24 i s _nount on a I

st ace. on 12 ohfl ot MEREL"Bie B odfoaRRncihd SaGh RhaRReR A aber, s,
be formed iMmiAH hadhebacof d. but may be disposed in the
circunferential direction at an equal distance fromone another. In

this case, &09®5dligh Dy and Tb are high in nelting points, by using an
alloy of Nd, P , Cu or Ga, and the like as the netal evapgratin

material V. thdEHE Fbithe SRATHEE Ml ABDY HYWObIRerbls ASTADecha
processi ngtﬁgmeﬁaﬁaﬁ ke s%ﬁ%iﬁl%’&eﬂy a box part 13a and a 1lid part 13b to be

mounted on the upper surface of the box part 13a. However, if the

processing chamber 130 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 housed the sintered magnet S into the box part 13a, the upper
opening thereof may be covered by a foil of Mo make. It may be also
possible to construct the processing chamber 130 so as to be tightly closed in
the vacuum chamber 12 so that the processing chamber can keep a

predetermined pressure independent of the vacuum chamber 12.
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[ 00631 On a | ower side of the processing chanber 2 there is
formed a first space 4. The first space 4 is provided with a shut-off
nmeans 5. The shut-off neans 5 is nade up of a valve body 51 and a
driving neans 52 such as an air cylinder and the |like to drive the
val ve body 51. The shut-off nmeans 5 is novable by the driving neans
52 between an open position (the state as shown in Fig. 1) in which
the val ve body 51 brings the processing chanber 2 and the preparatory
chanber 3 into comrunication with each other, and a cl osed position
in which thgopagye body 51 comes into abutment with the peripheral
part of an opening which is formed in a ceiling plate 41 defining the

first space 4, Fhethebyinhthomlidvealdsyribbdekatplda &ém%%ﬁhn]%é?b@éﬂf)ﬁ{ade
Al though not_illustrated, the valve body 51 is provided with a second
heati ng nedfisan[erpeumle in whizh the neywanesitdeaghet B i§ imseufsphreddin a

there is provided second space.,3a, A.gat alve (naqt..il.lustrated
is proi/i dgopr\élﬁesf gfagrﬁgﬂngsgﬁﬁ%ﬁa@ﬂﬂﬁégegW@\ésfaé?oab&%’él geé;%.at e
Transport atd i angh .th i j

by Opont ng Lot fibfe. SWhht Heing DAutdl MEHERIAEh SubGIPEAMTRTE

by a hol di ngaterdaisVv Gaybe chasedi taoberadhered tios affd @R pugtad oh ihResurface of
supporting colums 61 which are vertically di sposed on the sane

circle at dbgrNddtesBrsintaredimeamaieS ftodierehy fomot haredetetmingd bl filg
grids 62 i~ch _are.suppont ed. by each of .t he. supporting col 61 and
provi ded \r,mii %otﬁf%ﬂ sgef-p) aajﬂ)ﬁl’eﬁ?eelne_g?ﬁ R%iﬁorﬁ'?]??a% aﬁr%g?té%‘?fﬁyggﬁeme‘%ﬂ
from the boliopgrafds BfaibRa] SHAPRY hilth GEbAUA G PURIELe FAGN D Ladsl
supporting colums 61 is constituted into a small dianmeter 5o as to
m ni m ze the bentiffttednndd theapraifhbsuhdatyo phakes iof thef bintettdd howgrdie
heat fromg pLessi n‘%ip nber, 74, described hereinafter, to be

t r ansf er r eddHEISIORsEP hesebymgnatacturing aupgrmanensuppenati-ng col umms

61. [0065] 00 gjn order to enable filmformng on the sintered
magnet S al !o '?o the surface lying on the side of the bearing grid 62

on which is nountigds EAR, akRhe e -BRANEE appatdis BE petBHnIhe $i182fdrining
preferably di sposed by arranging
step, there may be used a vapor deposition apparatus of the known
construction of electric resistance heating or the one provided with an
electron gun. However, in order to increase the yield of Dy and Th which
are scanty as natural resources and a stable supply thereof cannot be
expected, and also in order to improve the productivity by shortening the
film-forming time, it is preferable to make use of the following film-forming .
apparatus 10 in the film-forming step.
[0060] _
With reference to Figs. 5 and 6, a film forming (film deposition)
apparatus 10 is constituted by vertically connecting a processing chamber 2
and a preparatory chamber 3. The processing chamber 2 that is positioned
on an upper side is disposed inside a cylindrical vacuum chamber 10b which
is capable of maintaining a predetermined degree of vacuum (e.g. 10X 10~
6Pa) by means of an evacuating means 10a such as a turbo molecular pump,
cryopump, diffusion pump, and the like.
[0061]
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wires of 00.1-10mmin laftice form The distance between the bearing
grids 62 is set considering the height and the |like of the sintered
magnet S. The hol ding nmeans 6 is disposed on a circular disk 63 which
is provided in the second space 3a and which has in the center

t hereof an opening 63a through which a supporting table described

| ater can pass. The disk 63 is disposed on a ring-shaped supporting
menber 64 which is provided in the processing chanber 2. [0066]

The material of the soaking plate 21 for defining the processing

chanber 2 is, Ijrlﬁg t he above, rrgnuf actured by a material that does
not react with t H%B‘E%‘?F’%&lf"&? #n Ads fefispd iy, a syknddenl paking platqgl

or an all oy hb f _(ilncludj r alt h el epents added allqy,..Ti
added M al W@gﬁ{eﬁg )Oﬁ)é]%aéhJ %égo?go%lg%%e o _ﬁ%%‘&ﬂ%}ﬁ%%%@ t&e
const i t ut edpRipalkr@io¥y thataBdr! MtBloUdhetite BBERINGAGS tAS 18WRet Blffacd RENGE
on the surface of other heat insulation nenbers. [0067] On a

| oner si de Thetvacusncominbendeb 3a prindded ion ftsrcirednrfetednice dvithpdneulabing

The second space 3a and 3b. constjtute the preparatory chanber 3. To
the prepar apé%n%ﬁ%?&tum ﬁ@r@r Qn eFReRic fxthen lawarc drantasegnnahish dhe

such as a t , 1QIY0- di ffusion .

i ke. By ne%{{]a%?%g‘ﬁkﬁglﬂel\a/{asc%g [ néﬁ rf%%nnag%g}% t?’ﬁgn pth{%ﬁgglg'ﬁg@a%eﬁgﬁng% laq%le
and the progeakitey elasial 22 (M€ hrd pr&ABAIR SRESHIMbE Blcbi® heaters 23
preparatory chanmber 3 through the first space 4 can be kept to a
predet er mi nagingeg.ge W, weddclunconatitttee lomttingm mbahhe phepediagorty this
chanber 3 there is pravided drivying neans, 71_such as an air

cyl i nder, a?FJaPﬁ%mPﬁké'F 157BossHYe fp g‘ﬁﬁ didthsy beating meags 23 19,V agsuph fhe
IS project [ r I . 3, 8 oS .
circul ar sﬁ%&gﬁ&}%%?géﬁg%s% ﬁgﬁ%%ﬁﬁs{ﬁ g@“ér{aéﬁleﬁg’gp%%?%@%ggaﬁhwy
consti tut e dkitornilgndRakt ghd OfreARAS lohabiliferS UPPRY t intlrdcfly Bt tigy afbke

bet ween a predeterm ned position (lowered position) inside the
pr epar at or yprocessamehehasbend throwghdée soakivedplabs21i on (1ifted
posi tion) iqﬁbgglthe processi ng chanber 2.

The processing chamber 2 is provided inside thereof with a pan 24
with a recessed cross-section on which the metal evaporating material V is
placed. The pan 24 is formed into an annular shape so that the metal
evaporating material of granular or bulk form can be disposed around the
sintered magnet S to be moved into the processing chamber 2 by a
transporting means which is described hereinafter. The pan 24 is mounted
on a wall surface on an inner side of the soaking plate 21. The pan 24 need
not be formed into an annular shape, but may be disposed in the
circurﬁfereni;ial direction at an equal distance from one another. In this
case, although Dy and Tb are high in melting points, by using an alloy of Nd,
Pr, Al, Cu or Ga, and the like as the metal evaporating material V, the time
for forming metal vapor atmosphere inside the processing chamber can be
shortened.

[0063]

On a lower side of the processing chamber 2 there is formed a first

space 4. The first space 4 is provided with a shut-off means 5. The
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[ 0068] The shaft portion 72 has attached thereto a pressing
menber 74 of T-shape in cross-section so as to be positioned on the

| oner side of the support 73. The pressing nenber 74 serves the
purpose of lifting the disk 63 when the transporting neans 7 is noved
to the lifted position to thereby urge a sealing nenber (not
illustrated) such as netal seal, and the |like which is provided at
the peripheral portion of the disk 63, against the peripheral portion
of the opening fornmed in the ceiling plate 41. The pressing neans 74
is provided with_a third heating nmeans (not illustrated). [0069]

The second BPHUE meapsidcls madepoiasalyebody &) andt odyiviigmbens 52isych

i ded with I i .havi ng: il
P Phist rat odf® B S SERGER R e BEEa Trive. th cralin Btk i ool he;shitzoft
as introd } (RN i j e i
Doy bo 1 ar o oaR8STE MGGy b9 the UrhARY thitha BF bEhBAEEn B0 rolfloh GRS

t he prepar attateyas khowarin3Figo 1pén fvtiich the pailed dody BILOSSSS 11 Pochbsitga
in the formof cleaning of the surface of the sintered nagnet S prior
to the fil rAbeFbATNG and thio PRaRasatay chpmebemB ante commumnitationsdth gach
electric h of 4.LI [-at ed Si e.q., be di sposed in
t he prepar g’[%%g{i a(‘:"lna aénglé) F’eggé%glf)ﬁ&%‘,w%l(‘}ggpﬁ d r“’?‘ﬁ }Pﬁ\’ﬁﬁnﬁi C%P%%H’?‘Etﬂ?%‘gmeﬂt
processi Ng fth Ghe §akipthel-Aep ST ' LG i

oot ot - B R I Lo P P bl
t he si nt er ebfmagg etheSfirki chabtmst,f tirrebe chdrinhetidadlymchgingd @Bd Oprocessingd
description . will now be nade of filmform n&vof netal evaporatin

material Vehanker: hAlthsagh ntsdlvstrated,i the valvei hagfyapbds axawided ‘Fi%hsi! ,
he Nd- Fe- i S f d d i bed h i nab
t he Fe %ﬁgéﬁﬁ%%g?gﬁ%gg%l manuf act ured as descri bed herei nabove

is placed o d 61 of the holding nmeans 6 I n doing so,
it is pref¢pedd to place it so that the easy axis of nmgnetization
is parallel to the support 73. Then, the netal evaporating material V
whi ch is nade d&In &he dwearyside.of the dirsDypaedt bllevesispiraviddd ensddond mpacd 4

i nside the_procegssin hanpber 3. In der to inprove the yield, the
total ampuff- of* @Bk g’@i“lﬁ %%Hi‘r‘%?ﬁq‘? A trpvidedyon oa sede, veadb S0 Whiek

Bt mospher o PAEER e b B Gl A7 b BORLERR ihfo. (R g i HRhed
(o) 15 a1 e o oy b e B e Moot bt
al so i nto magngtd is beldnkiaayhetimeskans @07 Ifhe holding means 6 is made up
of: three supporting columns 61 which aye vertically disposed on the same
circle at a predetermined distance from one another; and two bearing grids
62 which are supported by each of the supporting columns 61 and provided
horizontally at a predetermined distanee from each other from the bottom
eﬁd of the supporting columns 61 upward. Each of the supporting columuns
61 is constituted into a small diameter so as to minimize the conduction of
heat. This is to make it difficult for the heat from a pressing member 74, |
described hereinafter, to be transferred to the sintered magnet S through
the supporting columns 61. ‘
[0065]
In order to enable film forming on the sintered magnet S also to the

surface lying on the side of the bearing grid 62 on which is mounted the
sintered magnet S, the bearing grid 62 is preferably disposed by arranging
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Then, the gate val ve disposed on the side wall 30 is opened to
transport the holding neans 6 on which the sintered nagnet is placed,
into the second space 3a and place it on the disk 63a. Then, the gate
valve is closed and each of the evacuating neans 11, 31 is operated
to thereby evacuate the vacuum chanber 12 and, al so evacuate the
preparatory chanmber 3 as well as the processing chanber 2 through the
first space 4 until they reach a predeterm ned pressure (e.g., 10 x
10-Pa). In this case, the shut-off neans 5 is in the "open" position.

[ 0072] Then e_the pressure i.n th rocessi ng chanbe and

t he prepar ameé %%@%eri(gnﬂgénigﬁéﬁe r%eajﬁ&e ttanas g?@EFV‘?P&% Eée%ﬁﬁ’é‘ng
shut - of f nMegfgs 82iis P ¥&SEkil S AN ndP8s fi . Y

means 52 toé{ihserebly sher%1§%3{1€$h %glg%%%%en proc%%%?%gyec%gﬁ%:gé %é%%ttsﬁe
val ve body The hBjdingenaesns§ it Rdspisad ionga BRrankir2Bskmd whrhsieqebeided in
heating neans in the valve body 51 in the shut-off nmeans 5, heatin

i s cont i nuetheufRtend; space st andt whichi has de theecopter sharient) anhepening $3a

reaches a p rI¥ - t enper.at ur Lt i referable to t f. i

t enper at ur e{hﬁﬁséﬁjﬂﬁ rB %é‘aegu rg%%l@ﬁaﬁ?ﬁéer dezs“ff?eﬁ la g‘@%?a%oaﬁ@di?gg &3 15
t he tenper af;j o : } : i -

Wi oh The 1} pos et Y P Ahapk ] o B P RIS 64 Ak 1GphiRER it the
successf ul | probessimgicloarnbbe2sur f ace of the sintered magnet S at a high

speed. At ttk]%pt gﬂgerature exceedi ng 1700C, on the other hand, the
time of fil BFfmti on of the sintered magnet S becones too short,

with the result uni ferm fil m.for i nn bhe de. The.
processi ng char%%ér.'q%as 1%lgfll Ogrtgﬁe? gbér[%%iee%tﬂ ¢ f#’&%@?up@q&%g
of 1200C - cha@tfer Iy BLBRRE %’b@@é,ﬁn%ui%%ﬂ%d'by%ﬂ%erihptﬁﬁ%%? not react
tenperature ranges filnms of desirable filmthickness can be fornmed at
a hi gh speewuithTi medahewvapomt A nedterigl, asuals pbele, MY Vh Jza o apo alloy
1300t _is formed_inside the processing

f_10P3 at, e.g.,
E Lgfﬁs)g: ez? féﬁ%f@% @}f%\%@@ﬁ Barer kel giements adderh Mo allgy.ote adderd M alpEr

2 at 10 Pa,_..f4l the..entire surface, of the .
sintered nfé%)ét@%ié’?gétb%i épéﬁg%g%g%grﬁﬁerﬂéf Ler eWeW ?Oéﬁéﬁufeﬁlthlg' foﬁ'gnng
processi ng o Biaabel thddd0k3kerials as @ fier AAIGE SHe B JMGHER At
evaporating atnosphere is being formed in the processing chanber 2,

t he prepr odesslabignuoetebefs.cl eani ng the surface of the sintered magnet
Sis carrietf ﬁ%l n the preparatory chanber 3. That is, rafter the
preparatory @ er 2 (in this case, this chanber constitutes a

processi ng charﬁ@%[ f I S] C [ terqine
pressure (10 X 1 -glggﬁv,ep_tsﬁ%{ Qfs:ﬁg ‘Jse&:lg}sldr%g%fé ? %r&gg%?se?g Ceiar%{mgrti'_g]dc psg)ralc%d
of time. Aggor gihaGeténd BpscedBd afd Beddhnstifh iRl The, p1@pafstomn dhambst B! €To
adsorbed on the surface of the sintered magnet can be renoved. In

thi s case, thepoeriaatony chogebar dthetchie copmectall 2of etdwmagageneamsi31 such
noi sture adsorbed on the surface, the preparatory chanber y..be
heated to &gt gwgqoe ey Bﬁﬁa’ﬁﬁv@u@a@d@ﬁ%ﬁm RBEH, iapdtﬂ%rlég%-. By
Further, i e r 0 L C h

nx%ér?:er}% gf Re .%iﬂgtxﬁgalgl%ahé tt A ﬁljggaféfro{”f Bafber'§ and the

sintered ( prior ing o e ‘preparatory cnamber n
which the pidieesiog dRagiieir hamhidleRNcoph@efibatéd Qath tige prepal@toryichagdeof

the sintered magnet by neans of plasma may be perforned. In this
case, unti B thheagh él’sﬁsé:@: sprace Hecauw bpkertt @r@pm&ﬁmnedr@@:h@gf gacuum.

predeterm g%dth\éatgﬁoﬁle of ‘the | por)t(ap%:?a{t%fj? )chaintbern&g t?lgres % %%%ﬁgg da driving

means 71 such as an air cylinder, and the like. To the front end of a shaft

portion 72 that is projected inte the preparatory chamber 3, there is
attached a circular support 73. The driving means 71 and the support 73
constitute the transportation means 7. The support 73 is made movable

between a predetermined position (lowered position) inside the preparatory
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that inert gas such as Ar is introduced into the preparatory chanber
3 through the gas introduction neans 32, and that the radio frequency
source is operated to generate plasnma inside the preparatory chanber
3, thereby perform ng the cleaning by plasma of the surface of the
sintered magnet. \Wen the preparatory processing in the form of

cl eaning has finished, the sintered nmagnet will be at a tenperature
bet ween room tenperature ~, 200C. [00741 Then, once the
formati on of netal evaporating atnosphere in the processing chanber 2

and the cl eaBkpdepl st BEASY f;ﬁ»@&et%}mﬁngﬁie :_Mé&ﬁ&?d(lg%gﬁgogﬁi%@ i{fﬁgg the

preparatory chanber 3 have been fini I nert

i ntroduced ipmbeesting ghmepsera?.ory chanber 3 through the gas

i ntroduction,neans 32 until the pressure in the preparatory chanber 3
reaches a prég‘%@ rm ned value (e.g., 1000 Pa) so that the two-digit

diff dwith th i
Chanber 2. Once pReolitk SOnRan; 1 s HiracheRothereto. a HESTng MATPESJeheh:
the predet emgngd ¥krRs-debios s 207k H@%Jb%itﬁ%ieerﬂ ngt%@ fowdrN§ide OFehe

position to thereby bring the processing cha i nto conmuni cati on

with the prepppatddy dhentessidg hanbbi §4crsess tiaperpiohe bé Lifisng the disk
mai nt ai ned %gpressure di fference between the processing chanber 2 and

the prepar abgryhemEipansporting means | iy mevad ththeplified pasision torHderehy

3 into the cessl ch [ reb he pressurgeqin the .
processing ¢ gen%egeag&\ﬁ q&ﬁ%rr @’égﬁlﬁfﬁ%@gﬁw&/ﬁﬁﬁﬁﬁlﬁ j apd the fike
once (the opgiidh ii® lﬁ@ideﬂeahQﬁbi}R&iﬁEéﬁF tiRes DY JBdIOwB, ddaendteiinl
atons of Dy and Ndrbas evaporated in the gr%gclessi ng chanber 2 -are
prevent ed fpenpbetaérpargiononfirttiet ening plarmedr in chandeéling. plh07231 The
Thereafter, when evacuatiqn is perfornmed until the pressure_in the
processi ng EFF&?ﬁB’@era%%h4t1ﬁ gr WB‘EAF@%? Jhiva wasingmarnsines gsiratesd).
pr edet er m nefbd@gue (e.g., 10 x 10 'Pa), evaporation takes place
again. Then, t driving neans 71 of the transport neans 7 is

operated so thaThé zecdiel dpag BRAMEICA MdaktibeeBahe §Rpasdtole REmIRe Fis
Sis transported into the processing chanber 2. I'n this case, the

processi ng pieandesk with @ nlasmst igenétafing aleedsbearduge at ¢vil bextl ilingtrated)
et SUCh Bk iP A Sle SRl L cpsed L L e pert pheral portion el
openi ng forgednl BatAP ifGbhhBhePndtCedsks. [ #48hert gas may be rare gas such
as He, Ar, and the like. Plasma is generated in the preparatory chamber 3
to perform preparatory processing by plasma in the form of cleaning of the
surface of the sintered magnet S prior to the film-forming in the preparatory
chamber 2. In this case, an electric heater (not illustrated) using, e.g., W
may be disposed in the preparatory chamber 3 so that, together with the
preparatory processing of cleaning the surface of the sintered magnet S by
heat treatment, heat treatment may be performed in vacuum atmosphere on

the sintered magnet S which has finished film forming.

{0070]

A description will now be made of film forming of metal evaporating
material V using the above-described film forming apparatus 1. First, the
Nd-Fe-B sintered magnet S manufactured as described hereinabove is

placed on the bearing grid 61 of the holding means 6. In doing so, it is
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Thereafter, when the heated processing chanber 2 is hernmetically
seal ed once again, saturated vapor atnosphere of, e.g., 10 Pa at
1300C w Il be fornmed inside the processing chanber 2, and this state
is held for a predeterm ned period of tine. In this case, since the
sintered magnet S that is lower than the tenperature in the
processi ng chanber 3 is transported into the high-tenperature
processi ng chanber 2, the netal atons of Dy and Nd in the vapor

at nrosphere will be selectively adhered to, and deposited on, the

surface of [ il ] £ilm d L+ 1.Qn
rocess) . AveerapmRHer BARR th el Bl e b Blortle S RGP she
is formed adupmoli §8. sWhed, £ dhedsl EvifhorhtihaGRariidl e vahibh 95 b dBRENSH
S. At this tinme, since the pressing nmenber 74 of the support 73 has
been heat ec?ay, %stoﬁd?Ya!,m{/)Nmés atedt enpidreapane24dnsidat thef prdvessing
soaking plate 21 by the third heating,neans, (not illustrated), ther
is no possi%aﬁzq? %('h‘ P’ngernté’t YRPIRAVEnkhe; Wefdneth\?a’i?@?l AMmQyaped the grets
adhered to ' [ : 7 [

édréggﬂz&%% W FRIRLY, 13 %IJaQ%J ogaet&lel H?Msﬁm 2! Bhfle@%o an

magnet S at mtenperature i's transpor e processing
chanber 2 tdmduiis répdiall té6 GedpitghDiyemeiahtih6spHele ifbideefRApAREAThg S
itself will _also be heated by the heat of radiation. Therefore, the
tine of retdamhes thewadl the t piatenedcovsimet chambacthez ehepredetremined

t ted t h h b f [ he, L] f t he,
St ered migOErE T (R B DOV B oty (hLS BP0t PR e the
th [ iAgha!, 3 ﬁa I%gﬂpas&' d :
t hg g??égggqgf t ehg?htg%ﬂﬁagg%ggﬁgg%ﬁr equl re(ea%a%t?n%aﬁﬁ ans'e%)ﬁe o

amount in wiDd®lPy is diffused only into the grain boundary phases to
t hereby inprove the magnetic properties of the sintered magnet). Once

the sintered meldid ther gabhamlyddisponsdr anuthe eideawinlhg3Q 0soepemd to

will penetrate in t rain rai n_ba ry.as i nci pal. ase), of
the si nt or CRgRethechofnd pihalfiom yinehBe Biir oioRlinPligSriato
whi ch Dy i $haddashd SoRRL S Und PIELEHEN thERENE 63, ThEhEn! hd BRICTANE 18
possibility that the magnetic field strength and, accordingly, the .
maxi num eneloggd prot wath eofhthy teivagudthes magmet i1d, Blofebperseditol thxaehy
| argely reduced. [Q078] In case_the sintered magnet. S i s heated
and t her maPV§CUBtpatife yacunm ghamher d2pandi esoreveppale the rREPAEYNSY

Swll sh ' i ke L1 oy, bel Cur i
Cabout 300LyARBRE T he Werl b Fhie i Dhe ind tham @ o Mrsaiel g RERCHHAL
of the sinugt@dhepgesh Spréddtek@ived Prdd @dg.d 108410-%PgY. eflaridis bﬁ@,

time of retention shall preferably be limted to the time at whic

t he maxi nubhe¢ eimpieoffimaamsd] istinghei “open’epoaiigmet S becones 250r or | ess
or above 45&&/ t a tenperature bel ow 250C the strain due to
abnormality /Zher mal expansi on beconmes small and, accordingly, the

peel 110 0 0 ghll bheL chEphRgied OGS Bidkeybld MhaRupRe Ul

of the sintere STS 0 Ooccur. 0

t enper at ur grapReYford MHambdies Y piRUcARUB S redeRFidih¥d Rl Se, et SRR,

accordingly, the adhesiveness between the sintered nagnet S and Dy
and Nd t hamsaas Sieenoeedhior e ‘clvsedhposibpodyttbe dovingheeans atethdrebhe
sintered

that ‘has DEEHAFSFHEHSPAL 508 HHOPRGRE (el Acky diier Falve: HedF ot By
magnet S beeoues ol §RShddikE deRs WL thOQEHnd heating means in the valve
body 51 in the shut-off means 5, heating is continued until the temperature
inside the processing chamber 2 reaches a predeterﬁiﬁed temperature. It
is preferable to set the temperature in the processing charmber 2 to a range

of 1000°C~1700°C. At the temperature below 10600°C, the vapor pressure
is not attained at which the film of the metal evaporating material V can be
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On the other hand, inert gas such as Ar"and the like is introduced
into the preparatory chanber 3 until the pressure in the
preparatory chanber 3 reaches a predeterm ned value (e.g., 1000 Pa)

t hrough the gas introduction nmeans 32. After the | apse of a
predetermned tine after the sintered nagnet S has been transferred
into the processing chanber 2, the support 73 is noved by the driving
nmeans 71 fromthe |ifted position inside the processing chanber 2 to
the | owered position inside the preparatory chanber 3, and the

shut-of f ne j f t " B ition to e."c ed"
el o, "apigeesshily BHAEA diH e Affa O The ROREH € Tleiel %1 £ BICThoed.
the second Reafliengnifaasuden@tcebfints 1700°€d bn! SheStist ahnidalthy thhe of HIE

tenperature as the soaking plate 21, there is no possibility that the
netal at ons fomnatien ¢bier siatered phegretd® becmthes o short, vdtly the eedudtithe
In addition, eyvaporatipon st.ops as result of entering of  Ar.from.the
prepar at ory @Fﬁéﬁ’g‘eﬁﬁﬁ fﬁ?@é‘?ﬁé%@é@sﬁ@&ec hA RS dirogessing caamber goShath
magnet on i i p t i g e f.Qr o S
cooled in \tN%!g %'ﬁ)al rr%‘g]p%é)rtew%go%ﬁﬂé}g T&%é\g,é%’?f usl gn &L@ge(gé e
per formed i préfoeakily ephn@00FY ~e0®€r. 3In Hidke i fompdiatdicesobgds dmkher
preparatory chanber 3 that is isolated fromthe processing chanber 2
i s evacuat edesiyablefiloy dbickness ammahe f8imadtdt ai kighegpdeds Jhen, a metal
predet erm ned val ue (Itox 1ﬁ3P ._.The heating neans féIpVi ded ig br@ﬁz .
pr epar at or y  CHATRYPE Ao AETe, RaYne 4 §eRAprasr Wi ettt g ats st JP ¥h
the sinter eg, magnetq; i i ang.

for a predetﬁ)grm ng%ag%ﬂﬁg\g@%@tslﬁﬁ% glgalgi)%{))eﬁde?%ﬁ n’éign%%%?ée%?nggrtfgtﬁ%r ace
(e.g., 700CnREHtHe priicbésing ohambee@sst) 10 Ph, filth $afidsdoraul ek ey ertire
the heat treatnent 'in the preparatory chanber 3, heat treatnent shall
pref erabl y serfpes philm ginterademagaet fethaty isi ot viom femperatane wtheva talsn
for a predet rr%ned coer.i od,of ;tinme (e.g., for 30 mnutes) at a

pr edet er mi nBHCBRBEPEETPE REMPEr 5000 - 600C) that is |ower than that
in the precefligyg}heat treatnent in the preparatory chanber 3
(annealing process). [00811 The filmthickness of the netal
evapor ati ng mat eDndheatthehaahd] mifiler thengetulazvagsriatingl etreospheed is being
considering_ the heat treatnent tine, volune of the sintered magnet _S,
and the |i krmedipdhginmogessyng phejmbes 2 sheyypreprocesgipg wWprk phclepping the
case, it is n h and_deposit e netal. ato ver,
Che ent i re BlHfoet TR Pitbrd nRLIELS Ro0EE3Y) bo HAS pFeefdl PRmeS's.
present in Phat §8StfRdr thefprbpLratufy atRmifrhb0inP €his0 AR CEhib SEHIRRBE
magnet M can be obtained by diffusing Dy (Tb) into the grain boundary
phases at tdvmstfffifessiaonpmcessens. chambsr fiowaweprodessiog) nbasdredehed a
when the surface area,of havi forned .the fil m of (Thb) is snall
as Compar ePRAPHTRHECY SFeRtETs 1] % 0T et %wke%%ﬁwpﬁ%feftﬂmﬁ%
treat nment - RATEY [ . .
producti vit %?dgﬁgtlg%gi %Cgbic}gﬁgitge@% ggrr%&r B Fl%?lg’ Sptr e %%ﬁ%%ia{lﬁgﬁgﬁﬁ%
atoms are agheres be, ther sWgRs bf ¢He Wiateddd leAsict8Y BE relRovea! aln this
surface area of the sintered magnet S. Finally, after cooling for a

predet er mi made piay puErdh acceterateldegeneowad lof éhe gasdreand deoisfire algorked

opened and the holdin ans 8 i,s taken, out. .
P on the sur aceg,J tﬂg preparatory chamber may be heated to a predetermined

temperature (100°C) and keep it thereat. Further, in order to remove oxide
films on the surface of the sintered magnet S, prior to heating of the
preparatory chamber in which the sintered magnet has been placed,
cleaning of the surface of the sintered magnet by means of plasma may be
performed. In this case, until the pressure in the preparatory chamber 3

reaches a predetermined value (e.g., 10X 1071Pa), it may be so arranged
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[ 0082] According to the above arrangément, there can be
obt ai ned a permanent magnet in which a filmof netal evaporating
material V has been fornmed over the entire surface of the sintered
magnet S and, after heat treatnment, in which a diffusion |ayer of Dy
(Tb) has been fornmed on at |east part of the surface of the sintered
magnet S, and in which Dy (Tb) has been diffused into the grain
boundary phases. In this case, due to the fact that an additi onal
surface treatnment process can be onmtted, that a thin filmincluding

Dy and Nd n he formed to a predetern ned thickness on the surface
of the si n&gﬂédnﬁ'&gﬁ%‘i SSC]étaSaRHi ighingprduged qingo fthe tpreparatary chawber 3

duct i Vi i | $ia0g i iel.d of
Pha o andreih A sIEhAYaHaib AEke BE°HIA LR, 1 el ARl Al sl
As a Nd- FeiB:zbet@ﬂ a8 gReasle, pﬁsﬂnﬁﬁﬁdaﬂq@bg%?%?omfﬁgr( 40pterdy

X5 (thickness) ram having a conposition of - 1Co- bal .
Fe, 02 contrenorming tibe sileaningdynplaseta 8f ithe eutfaoé of thepginteraddnagnet.

average gra,p dianmeter of 3 jI mwas .used. In this exanple, {he
surface of W"e‘l §ﬁﬁtpé?3%l‘:aﬁ‘é’§'n FOCRSHAAE R ﬁﬁesﬁ‘?é’é ¢loclganime; @H%Sgééethe
roughness ' r e : ~
Then & por sanand mighd’ wERe 3 eEReRRE el sBE hRRE et hre
vapor proceesfdig usi ng the above-descri bed vacuum vapor processing

apparatus 1. In this case, as the box body 13 there was used one of
Mo make havi%'f‘ﬂi mensi ons of 200 x 170 x 60 ram One-hundred twenty

(120) sintered nets S were placed on the bearing grid 132 at, a
equal di st anceq{gggorf@cﬁnm%g?lfmﬁﬂﬁq rI,neEQ EFRPHFEERE YR ¢ g the

material V. s308 MdrierPaty %ﬁ??%%ﬁ%}é gfuﬁl%r | LYo NGNS gréd&m%ﬁngtn

. pT
predetermﬁe m Xirng ratr o, an a ormwas obtal ne

el ectric aBcinmHe pRPakatorphambed Bhaed BberwFinddhed, WWocrt Has RRBR sOAr fde
bottom surface of the processing chanber 130. In addition, weighing

was made t &higeduged SUDythenargeantyyi drambaDg, threnghathe 2sPintraguctsoDy
and SO {0y ShYrapRest el otaln, an SOk ol buLl T ke
g?logetsgi ﬁb%ﬁ%ﬁ%’@?ﬁ%gg‘tal% (8., 9080 BHSoRALE PI3 'I?\H&'hféi@ pPasstiP® difference
or more occurs as compared with the processing chamber 2. Once the
pressure in the preparatory chamber 3 has reached the predetermined value,
the shut-off means 5 is moved to the “open” position to thereby bring the
processing chamber 2 into communication with the preparatory chamber 3.
In this case, since there is maintained a pressure difference between the
processing chamber 2 and the preparatory chamber 2, Ar will flow from the
preparatory chamber 3 into the processing chamber 2, whereby the pressure
in the processing chamber 2 will increase. Although evaporation will stop
once (the operation of the heating means 23 does not stop), the metal atoms
of Dy and Nd as evaporated in the processing chamber 2 are prevented from
entering toward the preparatory cilamber 3.
[0075]
Thereafter, when evacuation is performed until the pressure in the

processing chamber 2 and the preparatory chamber 3 attains again a

predetermined value (e.g., 10X 10~ *Pa), evaporation takes place again.
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[ 0085] Then the vacuum chanber was once réduced to 1 X 10 -4Pa
(the pressure in the processi ng chanber was about 5 x 10-3Pa) by
operating the evacuating neans, and the tenperature in the processing
chanber 130 to be heated by the heating neans 14 was set at 900C. The
vacuum vapor processing was perforned for 6 hours in this state after
the tenperature in the processing chanber 130 had reached 900C. Then,
heat treatnment for renoving the strain in the permanent nagnet was
performed. In this case, the processing tenperature was set to 530t
and the processing tine was set to 90 m nutes. Thereafter, the

per manent Mhgngthe\Geiving mRyn¥7l &f ¢hé tiziGpbitt Aedns Y ik BPérad so that the
configuration of 9510 x_5mm [0086] Fig. 7 is a table show n

aver age vahgkingmennnéhaying beldr theesintsired anmgned f intugmepertoh émtot

per manent magnet. i s obtai ned, togefher with _average val ues o .
magnet i ¢ pPOPEPTTES Cgimﬁﬁ& ger ng‘ge S né@ifet tﬁ%eﬁr ﬁ%gnb%r&%ﬂﬁﬁ?r ragiiet
was obtain : i h I Sj

hour s (Con%gl;ﬂgfx?l‘?/@w&ggn%}ies?guggn%f%y%g%we%g@n%ar a‘?llc\?/% %H{ﬁqgﬂgﬁl
respect i vetlispbyediii tige Pyripheillgortion Bf @he 991988 domicednts abuimhdnt with
the magnet evaporating material V. According to this, in the

conpar at i viheRreripheral papiden ofthecnsning (apred ribe ceBingplaterdlbecones

| onger, the &f@rci ve force becones high; in the Conparative Exanple
la, the coe‘c J force was about 20 kOe. On the other hand, in

Exanple 1, in Tﬁéf‘eag&?,o WA tﬁé!al%rt@r%if{}gc%%%fé icﬁsm\éfekﬁ%qe ﬁéﬁ?@t%f%lhﬁw

and Nd, the coerciv rce I's about even | 1S m xe

the rati o sdal&donte Ygaill saanatdiieaie dtaivaghehadt, tlhe ePaana300itheriat
in question has a_higher coercive force than those in the Conparative
Exanpl es | be fppmeddngidet the paeceasiagt chaxgben 2ofanydi this rigtreds deld for a
properties_can, be .obtai ned .additign, in case al.l avin

i wed N ot aBreizy Ry T, oL AuRE 1R CHs: ARee DB L, HGTHEA P pETeh,S
the coerci il &f GBwRS tRP Vihed R0 be fetulO0inA Ule C Bbde BB OBERRBER 8 is
per mmnent magnet having a high coercive force and hi gh " nmagnetic
properti estrabupdéried , inéw ethei highateenpuratideoprdraviing ¢harabero2] yher metalNd
was used, it can be found that a permanent magnet of_ high magnetjc

proper t i es2i9as oigDy anskNg; ipetheovansr gtmpgpBenecmill e splecBelyi adhgred to,
[ Exanple Zinci‘ ggggs]ited on, the surface of the sintered magnet S (film-forming or film
deposition process). According to the above operations, film of the metal
atoms is formed at a high speed only on the surface of the sintered magnet S.
At this time, since the pressing member 74 of the support 73 has been
beated to substantially the same temperature as that of the soaking plate
- 21 by the third heating means (not illustrated), there is no possibility that
the metal atoms in the vapor atmosphere get adhered to the pressing

member 74. |

[0077]

When the sintered magnet S at room temperature is transported into
the processing chamber 2 that is heated to a high temperature, the sintered
magnet S itself will also be heated by the heat of radiation. Therefore, the
time of retention thereof in the processing chamber 2 where the saturated
vapor atmosphere has been formed is the time for the sintered magnet S to

reach about 1000°C, and shall be the time until the required amount of
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As a Nd-Fe-B sintered magnet, a nenber machined fo a plate (40X 10

X5 (thickness) mm having a conposition of 28Nd-1B-0. 1Cu-| Co-bal . Fe,
02 content of the sintered magnet S itself of 500 ppm and average
grain diameter of 3 g mwas used. In this exanple, the surface of the
sintered nmagnet S was finished so as to have a surface roughness of
10g mor |ess and then washed by acetone. [00881 Then, a

per manent nmagnet M was obt ai ned usi ng the vacuum vapor processing
apparatus 1 and the vacuum vapor processing nmethod descri bed above.

In this ex , (0) @) 13 on f make. havi.n .

i mens: ons e R SIRE, doned SenBhTed bap B RS it My sintered
are pl aced padgrith Sf(‘ii%'qhuﬁ'eat AR6ERNEOnRA\s AR NBHuR) it %i@ﬁaﬁjr Qfl dfrhsba
132. In addition, as the netal evaporating material V, an alloy of
bul k form waly dbtaithedgtain abowideayr phasssctorahbichy imprace thy magnetic
conbining 99.9 % degree of purity of Tbh and Nd in a predeterm ned
m xi ng rat P&°PeFRgstHethsneintored magagtor Ongedhy sintared anagpet §i

on the bot f f . i chanber .130.. L n _additiop, .

wei ght ng_ vt e et g b ckaul F08T, "y AR Rk Bt R Bt R
25 Pr; and haindBry2Bs pethcifal pidsY of ThdWinteddd MavRst KESRECAIME), Yrill be
obtained in an electric arc nelting furnace and 1000 g i'n. total was
arranged t eghel th spesthingnint whidlofiyoin addddce obtainhe peroameat myagnet.
chanber 13 [00_89@@6F@8Then t he vacyum chanber was once reduced to

1 x 10 ' PalPerR isr i & PoRSLigibY: ddat nthec paggnatiodield stremgthpand,py

operating vaguathng ans, and the temperatutg .of t pr. i ng
ohamber S a8l RaYE 30 MRS herdf LROIEE * cthibifing el TREETH
above- descpifigtins ¥HI B9zelpsed@ifdor med for 4 hours after the
tenperature in the processing chanber 130 had reached 1025C. Then

heat treatnk®78Jas performed to renmove the strain in the permanent

magnet. In this case,_ the treating tenperature s set _at 530 n
t hg treating t ip@ag@ the sfﬁtﬁ{ﬁ gl_ag%et ' heated an thermally expanﬁeg, ﬂle

thermal expansion of the sintered magnet S will show abnormality like
invar alloy below the Curie temperature (about 300°C), and the film adhered
to, and deposited on, the surface of the sintered magnet S is likely to be
peeled off. Therefore, the time of retention shall preferably be limited to
the time at which the maximum temperature of the sintered magnet S
becomes 250°C or less or above 450°C. At a temperature below 250°C the
strain due to abnormality by thermal expansion becomes small and,
accordingly, the peeling of Dy or Nd that has been formed into a film on the
surface of the sintered magnet S is hard to occur. On the other hand, at a
temperature above 450°C, the sintered magnet S partly gets melted and,
accordingly, the adhesiveness between the sintered magnet S and Dy and
Nd that has been adhered to, and deposited on, the surface of the sintered
magnet S improves. As a result, the peeling of Dy and Nd that has been
formed into a film on the surface of the sintered magnet S becomes less
likely to occur.
[0079]

On the other hand, inert gas such as Ar and the like is introduced into
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Finally the permanent magnet was cut by wire-cutting into a
cylindrical configuration of (fr 10 nm X 5 nm [0090] Fig. 8is
a table in which an average val ue of nagnetic properties when the

per manent magnet was obtai ned as above is shown together with an
average val ue of magnetic properties when the pernmanent nagnet was
obtai ned by using the netal evaporating material of Tb of bulk form
of 99.9% degree of purity, and vacuum vapor processing tinme was set
to 12 hours (Conparative Exanple 2a) and 4 hours (Cbnparative Exanpl e

2b), res peckhé’ ‘Ph}ffpg 1 éﬂaﬁ%e%roa Lp&1 3R8 ?essure %1?%]% p%ég 01%1121)611[?31" 3

exanpl es conmes the vacuu vapor

hi gher becopeshebe ﬁﬁ@e%mfe@%@ue (gt h GDM%h%ﬁg\fﬁt@ﬁs@h&r&mctiohe
coercive force was about 21 kOe. %e ot her hand, in the Exanple 2

in case thempamal 3%va|6cfteattheglameeof al pyededieraimed| tmya affer Ttheanohteid

t he coercive for s.about 2 Qe even in case % by wei ght of
Nd was ni xelRasRet S has haen s ‘éﬁ%’ﬁgtl%ﬁ thenBFQSCBUAE 15 a@&eal?néheéupport

per manent t ert i t h

Coercive f or ot pdved IO RRRIAL BEORCTS, Bom QR HRER Buthidh Shioige the
an al | oy obpaicBednBY chakbss NdarHe Plowdrth g@slyi@ﬁ HERGe aghet PRepitaidry
evaporating material V, it can be found that there can be obtai ned a
per manent rm]@mabeloﬂ landhtheeghvatdff meamses is emvetdrohaihea‘opert pomelon to
force of 31 gh is, hlgger t han those in Conparative Exanp

2a, 2b and, %éﬁlpﬁeﬁ PAgEiony  AtItHIs BEea Y thY vafsa badvoR! ;mpbew hﬁafpé

was used, i L RIpe eti
propert i es W HocaRehl AhthE in GRS IREDCly RupHalBaRONE S
[0091] toSperablird-as Bhé isbiEhethlERI Pe! thede rf@fﬂae;sos@ﬁﬁhtyﬂ et ﬂleametal
shape of 40X 10 X 8 (thickness) nm having a conposition of

20Nd- 1B- 5Pra®m,s bal theFerapeo mitawosplbéret et sidherydedo mi@nealvs bd:dgel5ﬂ ofIn

500 ppm and, average gra di ameter of 3 n,was ysed. In this
case. the SHidikice. o?vac%%a@%t 8hoeg ﬁ‘ﬁgﬁetre%ﬂ{%va%f e EREd °f ABSTPB HAGe

a surface rOUGRNSSSyOlhalhd B Qhtd B3 BPStLARE WRSABE BY Mirhb! GindGled:
magnet on which a film of predetermined metal has been formed is cooled in
the Ar atmosphere.

{0080]

Then, diffusion process is performed in the preparatory chamber 3.
That is, the pressure in the preparatory chamber 3 that is isolated from the
processing chamber 2 is evacuated by the evacuation means 31 until it
reaches a predetermined value (10X 10"3Pa).._ The heating means provided
in the preparatory chamber 3 is operated, and heat treatment is performed
on the sintered magnet S on which a film of Dy and Nd has been formed for
a predetermined period of time at a predetermined temperature {e.g., 700°C
~950°C) (diffusion process). In this case, subsequent to the heat treatment
in the preparatory chamber 3, heat treatment shall preferably be performed
to remove the strain of the permanent magnet for a predetermined period of
time (e.g., for 30 minutes) at a predetermined temperature {e.g., 500°C~
600°C) that is lower than that in the pfeceding heat treatment in the
preparatory chamber 3 (annealing process).
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[.0092] .. .. ... Then .a pernanent magnet M was obtai.ned using the vacuum
vapor processing apparatus 1 and the vacuum vapor processing nethod
descri bed above. In this case, as a box body 13, the one of M-Y nmake
havi ng di'nensi ons of 200 x 170 X60 nm was used. And 60 sintered
magnets S were placed at an equal distance to one another on the
bearing grid 132. In addition, as the netal evaporating material V,
an alloy of bulk formwas obtained by an electric arc nelting furnace
by wei ghing to have 90 Dy and 10 Nd and thereafter m xing el enment A
in a predetermned mxing ratio. The obtained alloy of 30 g in total
was di sposegq_(ﬁglthe bottom surface of the processing chanber 130.

[ 0093] en, the vacuum chanber was once reduced in pressure to
1X 10-4 Pa (thgher g8aur chicknddae ofr @beS sidigl ChappesatiNgs nbatdridD- @Paghebdy
operating the evacuating neans, and the tenperature of the processing
chamber 20fihodouuingy prheesheist detgmma&t‘s codsidedng dﬂleaheaﬁ@@atmeh tirhe,

anbe 130 hed th 0 h
Bhove. desCrPBetP B Biecsalergs fBamst s GAue Hha ah Be b Eop drows (58, 2
Then, heat tg, rfg&[)‘?”&n‘%‘a& BRET g‘iﬂt n%%eés%&fg‘éb Qﬁyéﬁeaé& QJP&ﬁt Ble Hifal

per manent mag thi's case, € processing ténperature was set at

530 t, andatdugs bidretHf eltiRCASSIRDIdhe Wnidr&d bitnet 9eT RidRh1 afoles are
product t hus obtained was cut by a wire cuter into dinensions of 4510

nra X5 nm p{efsegu]m at leRslgpadt iof thet abtfacshewhizh-perfenimiceaperranete

val ue of the tic properties, of_ .ihe pe t. magnpet obt ined in
{he above- FESEFT Adccan aednby Mituginggx @i»?dgtq% gundary

Ex le 3 ju |
o The ont? .n%?%%e R RS S RA BE el Efv%ﬁ Pl e
coercive fQifgee/\@ifatdfhtvial fleaRed thd ﬂﬁn@iﬂma(%)'ﬁ%n@l?ﬁ@h&nﬁa]mmh

coercive force of Exanple was 33.5-38.3 kCe by m xing elenent A as
the netal theapolape rm@ timat @nteabd hagoetn thhusmbefof chead irbatmerndebecomes
i f her inprove Inthls cas if at |east one

coercive f rce
mat er i al mgﬁ%uﬁﬁfeﬁlﬁg. RICRRS- ofL erefoee, WhAR the PRoqReREdy eniaken
coercive fﬂlrtS ecoilgfrfeggﬁoh,nw by %geferable that metal atoms are adhered to, or

deposited on, at least 80% of the total surface area of the sintered magnet S.

Finally, after cooling for a predetermined period of time, the gate valve on
the side wall 30 is opened and the holding means 6 is taken out.
[0082]

According to the above arrangement, there can be obtained a
permanent magnet in which a film of metal evaporating material V has
been formed ove.r the entire surface of the sintered magnet S and, after heat
treatment, in which a diffusion layer of Dy (Th) has been formed on at least
part of the surface of the sintered magnet S, and in whick Dy (Th) has been
diffused into the grain boundary phases. In this case, due to the fact that
an additional surface treatment process can be omitted, that a thin film
including Dy and Nd can be formed to a predetermined thickness on the
surface of the sintered magnet S at a high speed, and further that the
productivity can be improved further, resulting in a high yield of Dy and Th,
and further reduction in cost is possible.

[Example 1)
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[ Exanpl e 4] [0095] As a Nd-Fe-B sintered nmagnet, thefe was used
one which was obtained by machining into a shape of 40 x 10 x 8
(thickness) mmw th 20Nd- 1B-5Pr-3Dy-bal. Fe, 02 content of sintered.
magnet S itself of 500 Prom and average grain size of 3 gm In this
case, the surface of the sintered nagnet S was nachined to a surface
roughness of 50/2 mor |less and washed with nitric acid. [0096]

Then, by using the vacuum vapor processing apparatus 1, there was
obt ai ned a pernmanent nmagnet Min the above-descri bed vacuum vapor
processi ng n@#ﬁ@i. In this case, as a box body 13, the one of M-Y
make havi ng sions of 200 X 170 X 60 ram was used. And 60

L0 U 00 NSO 4 M i AT

t he bearing gri he ne evapor a teria

V, wei ghi ng19&a$ @atidknbes)naud Bidd addchpbRithch oRRgNG! 1BBYOMC Al Badhali Red

in a predetermned mxing ratio. An alloy of bulk formwas obtained
by an el ect Y contantnd] thenginfenedavegndih ibetlhivfié00aidmy and He0egd grain

42T v ChREARY B e L LT S S B SERRL TR G,
Pa (the pr e%%%ﬁ@t SwhOERERERShAE BIAERAR Y PSughrdsd Of 18). Yor less and

operating t
then washed by acetone.

[0084]

Then a permanent magnet M was obtained by the above-described
vacuum vapor processing using the above-described vacuum vapor
processing apparatus 1. In this case, as the box body 13 there was used
one of Mo make having dimensions of 200 x- 170 x 60 mm. Ope-hundred
twenty (120) sintered magnets S were placed on the bearing grid 132 at an
equal distance to one another. Further, as the metal evaporating material
V, Dy and Nd of 99.9 % degree in purity were mixed in a predetermined
mixing ratio, an alloy of bulk form was obtained in an electric arc melting
furnace, and a total of 50 g was disposed on the bottom surface of the
processing chamber 130. In addition, weighing was made to obtain 50Dy
and 50didymium; 50Dy, 25Nd and -25Pr; and 50Dy and 50Pr to thereby
respectively obtain an alloy of bulk form by an electric arc melting furnace,
and an arrangement was made so as to be able to dispose a total of 50 g on
the bottom surface of the processing chamber 130.

{0085]

Then the vacuum chamber was once reduced to 1X 10~ *Pa (the
pressure in the processing chamber was about 5X 10~ *Pa) by operating the
evacuating means, and the temperature in the processing chamber 130 to be
heated by the heating means 14 was set at 900°C. The vacuum vapor
processing was performed for 6 hours in this state after the temperature in

the processing chamber 130 had reached 900°C. Then, heat treatment for
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evacuating rmeans, and the tenperature of the processing chanber 130
heated by the heating neans 14 was set at 950C. The above-descri bed
processi ng was performed for 12 hours at this state after the
tenperature in the processing chanber 130 had reached 950t. Then heat
treatnent was perforned to renove the strain in the permanent nagnet.
In this case, the treating tenperature was set at 530C and the
treating tine at 90 mnutes. Finally the pernmanent magnet was cut by
Wi re-cutting into a cylindrical configuration of 10 ramg5 X 5 nmm

100981 rdihhind Onb 3id BPLE: E&%‘éﬂ&é ﬁ%%%tg{vagﬁfsgﬁéﬁr 89° MRYE oL,

t he magnetic prop res o er manent

above- descriHeeprdesdiing @ethpaRitud vieEd0R 530°0C ah £ANP YraddskmgEliaiidwas

4) of magnetic properties when a permanent nagnet simlar to the one
i n Exanpl e $twds &bt animedesi (Thowaftdrxi thy gbementend. nfagretdwemg tcot by

this, while the cpercive force.wgs apout 35 k(Qe in the Conparative
Bl o 4, FHE RUBREI 1 6FLETHE ERaRBREs iPn pls $30 B5BID. 45 4 KCo by
m xing ele gfjas the netal evaporating material. It can thus be
found that the coercive force was further inproved. In this case,

too, if at |easFigne igui esblal sifwihBearagd vednsd Sf imfewticAbrofeities g
Ga is mxed, the coercive force further I nproved. [Exanple 6] [0099]
| n Exanpl e Beranaubnibenieisdta tvereatheogrratansad wagrdtie dbtaided, togetteamath
conditions as in Ex&glr@ e. 3. By .using the gbove-described vacuum vapor
processi ng Appasaraties ol magpetis oFePerhigh O the REImsmest fasens When the

above- descrﬂ&%ﬁa&%gﬁfpﬁ%@g%% %Bfa‘iﬁgéig%r {%Eﬁﬁng ttg]l%d%gné e al%%m vapor

conditions as I'n wever, eévapor a

material el gRedsiny ¥R32 Hoxes ¥k ive (B2 Ple %) e@deEhShrsiWohiparhtive
predet er m ned mmﬁg ratio. An alloy in bulk formwas obtained in an

el ectric arBxample Hy respersivelnby usBRyDy nn thodlaforad 0£99.806 deayrediof pusisyl
on the bot ta(.)sm t%lér fn?ggene f etvggora 1rnogc enggéer}?alc%nb%{ccg'gdomg to this, in the
comparative examples, when the vacuum vapor processing time becomes
longer, the coercive force becomes high; in the Comparative Example 1a, the
coercive force was about 20 kOe. On the other hand, in Example I, in case
the metal evaporating material V is an alloy of Dy and Nd, the coerxcive force
is about 24.5 kOe even if Nd is mixed in the ratio of 99 wi %. It can thus be
found that the permanent magnet in question has a higher coercive force
than those in the Comparative Examples 1a, 1b and that a permanent
magnet of high magnetic properties can be obtained. In addition, in case
an alloy having mixed Nd and Pr to Dy was used as the metal evaporating
maierial V, the coercive force was above about 27 kOe and can thus obtain a
permanent magnet having a high coercive force and high magnetic
properties, Further, even in case an alloy having mixed only Pr to Nd was
used, it can be found that a permanent magnet of high magnetic properties
having a coercive force of 28.5 kOe can be obtained.
[Example 2]
{o087]
As a Nd-Fe-B sintered magnet, a member machined to a plate (40X 10
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10100] Fig. 11 is a table showi ng together an average val ue of
the magnetic properties of the permanent nagnet obtained in the
above-descri bed Exanple 5 and an average val ue (Conparative Exanpl e
5) of magnetic properties when a pernanent nagnet simlar to the one
in Exanpl e 5 was obtai ned without m xing elenent A According to
this, while the coercive force was about 22 kOe in the Conparative
Exanple 5, the coercive force of Exanple 5 was 24.9 29.5 kCe by

m xing el ement A as the netal evaporating material. It can thus be

AR . _ ! ! y
ar Teast ot A EEREr Gk HECIAS hidpbiElop dFRE Ip 0. FOhNCh SRRy OF
m xed, the gaes ¥e thersigtdrddt RAENSIMY A6l of BBQ S, Ghdl 8ddbke grain

In Exanple 6 a Nd-Fe-B sintered nmagnet was nmanufactured under "t he
sane condi tdiemetersof 8 uFivawps arsdd. Bln thisnexarhplealbby eudfase wf b sizienedn

vapor processin pparat u , a perganent net M was ohtained b
t he above- d%%%?%bgde%%&bﬁi%eéaﬁ%?g B gg@%ﬁﬁ A FyteEhngaR oL tHe mpreless
condi tions {Eﬁié n%gg;pé(pbxﬂ(f%%ggg ver, as the nmetal evaporating

materi al elenent A was m Wth Tb of 99.9 % degree of purity in a
predet erm ngdoggki ng ratio. An alloy in bulk formwas obtained in an
electric arc nelting furnace and 1000g in total of alloy was di sposed
on the bottom sthdrace pefmahentpmagess M gvashelmiaéned 86ing] Gik0Pdcuum vafoy.

ot oper (1 o6 TEPCRRBEERMRACH LGt BUvaih ZaPPh prifessBg Be dedcierpdhod
Cearm! e, O AR RS MO  PRBRTBI Sy HRAT, B 90 AL
was obt ai neldmehkdadtoM200 NY7EXSTEMIm Avad aeat. di Aed 120t dhforedthhgndtbeS
cosrerye are placed at an equal distance to one another on the bearing grid 132, In
addition, as the metal evaporating material V, an alloy of bulk form was
obtained by an electric arc melting furnace by combining 99.9 % degree of
purity of Th and Nd in a predetermined mixing ratio, and the obtained alloy
of 1000 g in total was disposed on the bottom surface of the processing
chamber 130. In addition, weighing was made to obtain 50 Th and 50
didymium; 50 Th, 25 Nd and 25 Pr; and 50 Th and 50 Pr. Aloy in bulk
form was respectively obtained in an electric arc melting furnace and 1000 g
in total was arranged to be disposed on the bottom surface of the processing

chamber 130.

f0089] '

Then the vacuum chamber was once reduced to 1X 10~ *Pa (the
pressure in the processing chamber was 5 X 10~ ®Pa) by operating the
evacuating means, and the temperature of the processing chamber 130
heated by the heating means 14 was set at 1025°C and the above-describeﬂ
processing was performed for 4 hours after the temperature in the
processing chamber 130 had reached 1025°C. Then heat treatment was
performed to remove the strain in the permanent magnet. In this case, the

treating temperature was set at 530°C and the treating time at 90 minutes.
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force was about 24.2 kQe in the Conparative Exanple 6, the coercive
force of Exanple 6 was 24.97-32.5 kCe by m xing elenent A as the
netal evaporating material. It can thus be found that the coercive
force was further inproved. In this case, if at |east one material of
the group consisting of Al, Cu, and Ga is m xed, the coercive force
further inproved. [Brief Description of the Drawi ngs] [0103] Fi g.
1 is a schematic explanatory view of a cross-section of the pernanent
magnet manufactured in accordance with the present invention;

Fig. 2 i G, Vi | f QMindri
besi or ming Apany the plahed!" aliEl WAL LAE RIS ARRRE AbG o Hispdrical

schemat i ¢ explignedidey of | €W aimx EAEAS- Section of a permanent nagnet
manuf actured in accordance with a prior art; Fig. 4 (a) is an
expl anat ory [@P8M showi ng deterioration of the surface of the sintered

e i SR ARG RER e
accor Cance b ME.ICaghel BETHAN g FLE% s, BySRRF BN
per f or m ng dveeadd vatdiorofi Megh&ed properties when the permanent magnet was
obtained by using the metal evaporating material of Tb of bulk form of
99.9% degree of purity, and vacuum vapor processing time was set to 12
hours (Comparative Example 2a) and 4 hours (Comparative Example 2b),
respectively. According to the above, in the comparative examples, the
longer becomes the vacuum vapor processing time, the higher becomes the
coercive force. In the Comparative Example 2a, the coercive force was
about 21 kOe. Omn the other hand, iu the Example 2, in case the metal
evaporating material V was an alloy of Th and Nd, the coercive force was
about 28.5 kOe even in case 90 % by weight of Nd was mixed. It can thus
be found that there can be obtained a permanent magnet of high magnetic
properties that has a higher coercive force than those of the Comparative
Examples 2a, 2b. In case an alloy obtained by mixing Nd and Pr with Th
was used as the metal evaporating material V, it can be found that there can
be obtained a permanent magunet of high magnetic properties that has a
coercive force of 31 kOe which is higher than those in Comparative
Examples 2a, 2b and, even in case an alloy obtained by mixing only Pr with
Th was used, it can be found that a permanent magnet of high magnetic
properties with coercive force of 33 kOe was obtained.
{Example 3]
[0091]
As a Nd-Fe-B sintered magnet, a member machined to a shape of 40X
10 X\8 (thickness) mm having a composition of 20Nd-1B-5Pr-3Dy-bal. Fe,

content of the sintered magnet S itself of 500 ppm, and average grain
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Fig. 6 is a perspective view showi ng how the sintered magnet is held ~
I nside the processing chanber of the filmform ng apparatus;
Fig. 7 is a table show ng average val ues of magnetic properties of

t he

Fig.

t he

Fig.

t he

Fig.

t he

Fig.

t he

Fig.

t he

per mmnent magnet manufactured in accordance with Exanple 1;
8 is a table show ng average val ues of magnetic properties of
per mmnent magnet nanufactured in accordance with Exanple 2;
9 is a table show ng average val ues of magnetic properties of
per mmnent magnet manufactured in accordance W th Exanpl e 3;

[ ol | e show ng aver age S etl ties, of
per mane E%E%reo? ?réfn‘ﬁf XEeut ﬁanag@&r B%ﬁ‘?c Hﬁ% ysintered
11 is oAbl § WhOHAGhAY &8 ag%\&?awéeé sgifa@%%q%&sefo%w hi°6r Vs
per manent “magnet nanufactured in accor W 5;
12 i s and thdrewabhed bg natrir agé. val ues of magnetic properties of
perrraner}toogg?net manuf actured in accordance wi th Exanple 6.

ance

Then a permanent magnet M was obtained using the vacuum vapor
processing apparatus 1 and the vacuum vapor processing method described
above, In this case, as a box body 13, the one of Mo-Y make having
dimensions of 200X 170X60 mm was used. And 60 sintered magnets S

were placed at an equal distance to one another on the bearing grid 132. In

- addition, as the metal evaporating material V, an alloy of bulk form was

obtained by an electric arc melting furnace by weighing to have 90 Dy and
10 Nd and thereafter mixing element A in a predetermined mixing ratio.
The obtained alloy of 30 g in total was disposed on the bottom surface of the
processing chamber 130.
[0093])
Then, the vacuum chamber was once reduced in pressure to 1X1074
Pa (the pressure in the processing chamber was 5X 107 %Pa) by operating
the evacuating means, and the temperature of the processing chamber 20
heated by the heating means 14 was set at 850°C. When the processing
chamber 130 reached the temperature of 850 °C, the above-described
processing was performed in this state for 16 hours. Then, heat treatment
was performed for removing the strains of the permanent magnet. In this
case, the processing temperature was set at 530°C, and the time of
processing at 90 minutes. Thereafter, the product thus obtained was cut by
a wire cuter into dimensions of ¢ 10 mm X5 mm.
[0094]
Fig. 9 is a table showing together an average value of the magnetic
properties of the permanent magnet obtained in the above-described

Example 3 and an average value (Comparative Example 3) of magnetic
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[ Description of Reference nunerals and Charactersl [0104] 1vacuum
vapor processing apparatus 12 vacuum chanber 2processi ng chanber
3heating neans Ssintered nagnet M pernanent magnet

properties when a permanent magnet similar to the one in Example 8 was
obtained. According to this, while the coercive force was about 30 kOe in
the Comparative Example 3, the coercive force of Example 3 was 33.5~38.3
kOe by mixing element A as the metal evaporating material. It can thus be
found that the coercive force was further improved. In this case, if at least
one material of the group consisting of Al, Cu, and Ga is mixed, the coercive
force further improved. |

[Example 4]

[0095]

As a Nd-Fe-B sintered magnet, there was used one which was obtained
by machining into a shape of 40 x 10 x 8 (thickness) mm with
20Nd-1B-5Pr-3Dy-bal. Fe, Oz content of sintered magnet S itself of 500 ppm
and average grain size of 3y m. In this case, the surface of the sintered
magnet S was machined to a surface roughness of 50 u m or less and washed
with nitric acid.

[0096]

Then, by using the vacuum vapor processing apparatus 1, there was
obtained a permanent magnet M in the above-described vacuum vapor
processing method. In this case, as a box body 13, the one of Mo-Y make
having dimensions of 200 X 170 X 60 mm was used. And 60 sintered
magnets S were placed at an equal distance to one another on the bearing
grid 132. In addition, as the metal evaporating material V, weighing was
made to have 90 Th and 10 Nd, and element A was mixed in a
predetermined mixing ratio. An alloy of bulk form was obtained by an
electric arc melting furnace. The obtained alloy of 500g in total was
disposed on the bottom surface of the processing chamber 130.

{0097]
Then, the vacuum chamber was once reduced to 1X 10~ “*Pa (the

pressure in the processing chamber was 5X 107 ?Pa) by operating the
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Vet al evaporating material WHAT |'S CLAVED I S: 1. In a method
of manufacturing a permanent magnet conpri sing: ~afilmformng
step of evaporating netal evaporating material containing at |east

one of Dy and Tb and adhering evaporated netal atons to a surface of

i ron-boron-rare earth sintered nagnet; and a diffusing step of
performng heat treatnment to diffuse nmetal atons adhered to the
surface into grain boundary phases of the sintered magnet, t he

i mprovenent in which the nmetal evaporating material further contains
at | east on

t h f t
the ditfuorigourae Reei: onf g’ fipieritule e she ol e cBufbel "
net al eVapq{e@Eé@%ynﬁeehé%n%']ﬁeéﬁ}:e 191 RLETRE HBSHRE, | The SRWE-described

processing chanber to thereby evaporate the netal evaporating

mat eri al ; processing was performed for 12 hours at this state after the temperature in
the processing chamber 130 had reached 950°C. Then heat treatment was
performed to remove the strain in the permanent magnet. In this case, the
treating temperature was set at 530°C and the treating time at 90 minutes.
Finally the permanent magnet was cut by wire-cutting into a cylindrical
configuration of 10 mm ¢ X5 mm.

[0098]

Fig. 10 is a table showing together an average value of the magnetic
properties of the permanent magnet obtained in the above-described
Example 4 and an average value (Comparative Example 4) of magnetic
properties when a permanent magnet similar to the one in Example 3 was
obtained without mixing element A. According to this, while the coercive
force was about 35 kOe in the Comparative Example 4, the coercive force of
Example 4 was 37.2~42.4 kOe by mixing element A as the metal
evaporating material. It can thus be found that the coercive force was
further improved. In this case, too, if at least one material of the group
consisting of Al, Cu, and Ga is mixed, the coercive force further improved.

[ Example 5]
[0099]

In Example 5 a Nd-Fe'B sintered magnet was obtained under the
same conditions as in Example 3. By using the above-described vacuum
vapor prdcessing apparatus 1, a permanent magnet M was obtained by the
above-described vacuum vapor processing method under the same
conditions as in Example 3. However, as the metal evaporating material
element A was mixed with Dy of 99.9 % degree of purity in a predetermined
mixing ratio. An alloy in bulk form was obtained in an electric arc meiting

furnace and 500g in total of alloy was disposed on the bottom surface of the
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cause .the. evaporated netal atons to be adhered to the surface of the
sintered magne, the adhering being made whil e adjusting an anmount of
supply of the netal atons; and di ffusing the adhered netal
atons into the grain boundary phases of the sintered nmagnet in a
manner free fromformation of a thin filmnade of the neta
evaporating material on the surface of the sintered magnet. 2.
The nethod of manufacturing a permanent magnet according to claiml,
wherein the nmetal evaporating material further conprises at |east one
mat eri al of the group consisting of A, Cu, and Ga. 3. The

met hod of He¥gh& PRy, manent nagnet according to claim1 or 2,
wherein th neta evaporating material further conprises at |east one
mat eri al of {ObeObr oup conS|st|ng of Ag, B, Ba, Be, C, Ca, Ce, Co, Cr,
Cs, Er, Eu, Fe, Gd, GCe, Ho, In, K La, Li, Lu, , M1, Mbd, Na,

No, Ni, P, Pd, Big, 15]is 9btab$'e shemingtogether Ta averag uvofwhemaa’betlc

Z d zZ t hod of t t
o e msonsKies, GF ofhes irmangn?  piRnd! Sl d B AREEaotn s
magnet and g %ﬁ@tslaﬁ%os@&faggt gswfc%a Y u%SEQaaﬁmea%) %f%ﬁ%ﬁét‘f@

from each oth The nu acturl ng a permanent

nagnet acceropdigicsovhery aoperninsiltanagndt difibugi the oMcireERampipsovdd C
surface area of the netal evaporating material to be disposed in the
processi ng obkRpe rwithowlaplisma element ehs e‘i@m@@erf@a@es,t whiletbarmoesive

T L e e
t h
v T 23 < 91 408 o ShP b s

a_predet er mivapsrapirgs suteriand Trati ahos g fdiad egietlad woercikef@at was
after disposing the sintered magnet in the processing chanber.
further improved. In this case, if at least one material of the group

consisting of Al, Cu, and Ga is mixed, the coercive force further improved.
[Example 6]
[0101]

In Example 6 a Nd-Fe-B sintered magnet was manufactured under the
same conditions as in Example 4. By using the above-described vacuum
vapor processing apparatus 1, a permanent magnet M was obtained by the
above-described vacuum vapor processing method under the same
conditions as in Example 4. However, as the metal evaporating material

. element A was mixed with Tb of 99.9 % degree of purity in a predetermined
mixing ratio. An alloy in bulk form was obtained in an electric arc melting
furnace and 1000g in total of alloy was disposed on the bottom surface of the
processing chamber 130.

{0102]

Fig. 12 is a table showing together an average value of the magnetic
properties of the permanent magnet obtained in the above-described
Example 6 and an average value (Comparative Example 6} of magnetic
properties when a permanent magnet similar to the one in Example 6 was

obtained without mixing element A. According to this, while the coercive
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7. The nethod of manufacturing a pernmanent magnet according to any
one of clainms 1 through 6, wherein, after having diffused the netal
atons into the grain boundary phases of the sintered magnet, a heat
treatment is perforned of renoving the strain of the pernmanent nagnet
at a tenperature |lower than the said tenperature. 8. A

per mmnent magnet nade by evaporating netal evaporating materi al
containing at |east one of by and Tb and at |east one of Nd and Pr to
a surface of an iron-boron-rare earth sintered magnet, netal atons of

th ted net I dher ed
e surfacomet REuCRE Ak B R CoBRRaf et RSBHON D Jba P PRESEdOTt o
grai n boundarpkHRgRes. mrsog.g@,hgg% kb%abﬁ%bahgn@e%meh L5 G%el M1

formation of a thin fil he permanént nagnet according to

claim 8, whealmratmlgemmenhl exlapxamatlnm bevefoant athdt Ut esereivapforss svast
| east one material of the group consisti ngl of Al, Cu, and Ga.
10. The pefwihendmpagyed. abedhds mgse.oifchbilens ene omajgraaleoh tinnegmzpm

evaporating_nateria t her o ri.se | east eri.al of
o e Parfiiifha, Bt al, o Moy GREPTRER, i oot fOG ARUE ihorOyed "F e
Gd, Ge, Hf, g]kﬂef D@scrﬁ;tléi@of ﬂ-HeDH.’bnn%] M, M, Na, Nb, N, P Pd, RU1
S, Sh, Si, [ | W Y Yb, Zn, and Zr.

0103

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

Fig. 2 a schematic view of the vacuum processing apparatus for
performing the processing 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:

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

Figs. 5 is a schematic view showing the construction of a film forming
apparatus for performing the film-forming step;

Fig. 6 is a perspective view showing how the sintered magnet is held
ingide the processing chamber of the film-forming apparatus;

Fig. 7 is a table showing average values of magnetic properties of the
permanent magnet manufactured in accordance with Example 1;

Fig. 8 is a table shewiﬁg average values of magnetic properties of the
permanent magnet manufactured in accordance with Example 2;

Fig. 9 is a table showing average values of magnetic properties of the
permanent magnet manufactured in accordance with Example 3;

Fig. 10 is a table showing average values of magnetic properties of the

permanent magnet manufactured in accordance with Example 4;
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Fig. 11 is a table showing average values of magnetic properties of the

permanent magnet manufactured in accordance with Example 5; and

Fig. 12 is a table showing average values of magnetic properties of the

permanent magnet manufactured in accordance with Example 6.

[ Description of Reference numerals and Characters]

[0104]
1
12

< E »nn w ™

vacuum vapor processing apparatus
vacuum chamber

processing chamber

heating means

sintered magnet

permanent magnet

metal evaporating material
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WHAT IS CLATMED IS:

1. In a method of manufacturing a permanent magnet comprising:

a film-forming step of evaporating metal evaporating material
containing at least one of Dy and Tb and adhering evaporated mgtal atoms
to a surface of iron-boron-rare earth sintered magnet; and

a diffusing step of performing heat treatment to diffuse metal atoms
adhered to the surface into grain boundary phases of the sintered magnet,

the improvement in which the metal evaporating material further
contains at least one of Nd and Pr., and in which the film-forming step and
the diffusing step are performed by:

disposing and heating the metal evaporating material and the
sintered magnet in a same processing chamber to thereby evaporate the
metal evaporating material;

cause the evaporated metal atoms to be adhered to the surface of the
sintered magne, the adbering being made while adjusting an amount of
supply of the metal atoms; and

diffusing the adhered metal atoms into the grain boundary phases of
the sintered magnet in a manner free from formation of a thin film made of

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

2. The method of manufacturing a permanent magnet according to
claim 1, wherein the metal evaporating material further comprises at least

one material of the group consisting of Al, Cu, and Ga.

8. The method of manufacturing a permanent magnet according to
claim 1 or 2, wherein the metal evaporating material further comprises at
least one material of the group consisting of Ag, B, Ba, Be, C, Ca, Ce, Co,
Cr, Cs, Er, Bu, Fe, Gd, Ge, Hf, Ho, In, K, La, Li, Lu, Mg, Mn, Mo, Na, Nb,
Ni, P, Pd, Ru, S, 8b, Si, Sm, Sn, Sr, Ta, Ti, Tm, V, W, Y, Yb, Zn, and Zr.

45



4. The method of manufacturing a permanent magnet according to
any one of claims 1 through 3, wherein the sintered magnet and the metal

evaporating material are disposed at a distance from each other.

5. The method of manufacturing a permanent magnet according to
any one of claims 1 through 4, wherein a specific surface area of the metal
evaporating material to be disposed in the processing chamber is varied to
increase or decrease the amount of evaporation at a constant temperature,

thereby adjusting the amount of supply of the metal atoms.

6. The method of manufacturing a permanent magnet according to
any one of claims 1 through 5, wherein, prior to the film-forming step, the
processing chamber is reduced to a predetermined pressure and
maintaining the temperature thereat after disposing the sintered magnet in

the processing chamber.

7. The method of manufacturing a permanent magnet according to
any one of claims 1 through 6, wherein, after having diffused the metal
atoms into the grain boundary phases of the sintered magnet, a heat
treatment is performec_l of removing the strain of the pexrmanent magnet at

a temperature lower than the said temperature.

8. A permanent magnet made by evaporating metal evaporating
material containing at least one of Dy and Tb and at least one of Nd and Pr
to a surface of an iron-boron-rare earth sintered magnet, metal atoms of the
evaporated metal evaporating material being thereby adhered to the
surface, the adhered metal atoms being subsequently diffused into grain
boundary phases through heat treatment in a manner free from formation
of & thin film. |

46



9. The permanent magnet according to claim 8, wherein the metal
evaporating material further comprises at least one material of the group

consisting of Al, Cu, and Ga.

10. The permanent magnet according to claim 8 or 9, wherein the
metal evaporating material further comprises at least one material of the
group consisting of Ag, B, Ba, Be, C, Ca, Ce, Co, Cr, Cs, Er, Eu, Fe, (d, Ge,
Hf, Ho, In, K, La, Li, Lu, Mg, Mn, Mo, Na, Nb, Ni, P, Pd, Ru, S, Sb, Si, Sm,
Sn, Sr, Ta, Ti, Tm, V, W, Y, Yb, Zn, and Zr.
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