SPECI FI CATI ON  VACUUM VAPOR PROCESSI NG APPARATUS [Field of the Invention]

[ 00011 The present invention relates to a vacuum vapor processing apparatus
suitable for perform ng a processing (vacuum vapor processing): in which an
object to be processed is heated inside a processing chanber, and al so netal
evaporating material is evaporated in an evaporation chanber, and the
evaporated netal atons are caused to be adhered to, and deposited on, a
surface of the object to be processed of a predeternm ned tenperature to
thereby forma netallic filmand, further; in which, in case the object to
be processed has a crystal strugpwgrithgromtal atons are caused to be
diffused into the grain boundaries at the sane tine as the adhesion thereof
to the surface of the object to be processed. [Background Art] [00021 This
ki nd of vacuum vapor processi aratus is used to inprove the nmagnetic
properties of, e.g. \gﬁ %EE@EPBRMESSE\IWBMHSEY ed magnet, and
there is knomn one mhlch is constituted by a hernetically sealed vessel
made up of glass tube, and an electric furnace. In this vacuum vapor

processi ng ratu an,.object to be processed which is the Nd-Fe-B
sintered @gﬁ@?ﬁi‘@*’é{eﬁﬁ’f’&p evaporating material which is rare earth netal
sel ected fg the group consisting of Yb, Eu, Smare contained, in a m xed
state, inside'the hernetically seal ed vessel. The pressure inside the

vessel is 1 efueqffebdntRie@ERnerdThitathoPs SREHIM bxpéﬁeﬁﬂﬁze@sf,mg MAfaeHuuUnp or
the like and sealed. Thereafter, the above materials are contained inside

the el ecmu:a:blblfongeﬁ’omﬂngraepfm&ﬁdg((Ea@umt\mlﬁﬁq&bcMﬁg fifiwchibkeranet i cal | y
sealed 1 vessel is rotated.
object to be processed is heated inside a processing chamber, and also metal
evaporating material is evaporated in an evaporation chamber, and the
evaporated metal atoms are caused to be adhered to, and deposited on, a
surface of the object to be processed of a predetermined temperature to
thereby form a metallic film and, further; in which, in case the object to be
processed has a crystal structure, the metal atoms are caused to be diffused
into the grain boundaries at the same time as the adhesion thereof to the
surface of the object to be processed.
[Background Art]
[0002]

This kind of vacuum vapor processing apparatus is used to improve the
magnetic properties of, e.g, a Nd-Fe-B (or a Nd-Fe-B system) sintered
magnet, and there is known one which is constituted by a hermetically sealed
vessel made up of glass tube, and an electric furnace. In this vacuum vapor
processing apparatus, an object to be processed which is the Nd-Fe-B sintered
magnet and a metal evaporating material which is rare earth metal selected
from the group consisting of Yb, Eu, Sm are contained, in a mixed state,
inside the hermetically sealed vessel. The pressure inside the vessel is
reduced to a predetermined pressure by means of a vacuum pump or the like

and sealed. Thereafter, the above materials are contained inside the

electric furnace and are heated (e.g., to 500°C) while this hermetically sealed



[ 0003] Once the hernetically seal ed vessel is heated, the netal evaporates
to thereby forma netal vapor atnosphere inside the hernetically seal ed
vessel. The netal atonms in the netal vapor atnosphere get adhered to the
sintered nmagnet that has been heated to substantially the sanme tenperature.
In addition, as a result of diffusion of the adhered netal atons into the
grain boundary phases of the sintered magnet, the netal atons are
honobgeneously introduced in a desired anount into the surface of the
sintered §§Sﬁﬂgquhe grai n boundary phases, whereby magnetization and
coercive force are inproved or recovered (patent docunent 1 and patent
docunent 2Jgoddt ent docunent 1. JP-A-2002- 105503 (see, e.g., Fig. 1 and Fig.
2) Patent docunment 2: JP-A-2004.296973 (see, e.g., clains) [D sclosure of

the InventionOrderihel kemnéticdlty Sedleddeayell Rehdats@ntholetal @Ogmﬂdra@ys the way,
as descri bed above, in case the processing is perforned in ich, in order

to i npr ovehemeby fexmet inetpl cqpertatewsphethinside the bdrmetioslly sealed vestall at ons
are adher%g to tage surf,ace% of the sintered nmagnet as_the_ object to be
pr ocessed L afdnglas Rtaps 1 thagedal vaprn sanesndiete st mdbered to the sintergskr at ur e
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heated to substantially the sane tenperature. Therefore, e anount ‘o
suppl y of intheduwetlain atdesiretinahbantrétial theaparfaed oD shbhettetal Whemhjact to be

processed is determ ned by the vapor pressure at the tenperature in
quest i on. theTgeqiar bpendatye pbapes, awperghyemagnetizationhendmoarntive ffosepptey of t he
metal at Ol%pro%ed or recovered (patent document 1 and patent document 2).
Patent document 1: JP-A-2002-105503 (see, e.g., Fig. 1 and Fig. 2)
Patent document 2: JP-A-2004-296973 (see, e.g., claims)
[Disclosure of the Invention]
[Problems to be Solved by the Invention]
[0004]

By the way, as described above, in case the processing is performed in
which, in order to improve the magnetic properties of the sintered magnet,
the metal atoms are adhered to the surface of the sintered magnet as the
object to be processed and also are diffused into the grain boundaries, the
temperature to heat the hermetically sealed vessel by controlling the electric
furnace _is determined by the heating temperature of the sintered magnet
that is the object to be processed. In the above-described apparatus, since.
the metal evaporating material and the object to be processed are disposed in
a state of being mixed with each other, the metal evaporating material is also
heated to substantially the same temperature. Therefore, the amount of
supply of the metal atoms in the metal vapor atmosphere to the object to be

processed is determined by the vapor pressure at the temperature in question.

Therefore, there is a problem in that the amount of supply of the metal atoms




in the netal vapor atnosphere to the object to be processed cannot be
controlled. [0005) 1In addition, in order to introduce the netal atons in a
desired amount into substantially the entire surface of the sintered
magnet, there is required a driving nmechanismfor rotating the hernetically
seal ed vessel. As a result, the apparatus construction becones conplicated
and the cost becones high. Still furthernore, since the netal evaporating
material and the object to be processed are disposed in a state of being

m xed together, there is a, disadvantage ip. that {he netal evaporating

nat eri al hgﬁe Hggpageg%p%@@&sp ?‘feeé?ltalegéglﬁcédﬁﬁ’eijﬁdﬁ%e%ﬁ?é s¥5ee% Peo be
processed, LGl Therefore, in view of the above points, the object of
this invention IS to provide a vacuum vapor processing apparatus in which
t he anmount{pgbs]evaporated netal atons to an object to be processed can be
adjusted, and in which the structure thereof is sinple. [Means for Sol ving

t he Probl ens)In 4@@idibh, in cedeeto tntradhivetlid enctbbveoras 9h! £ aBsirdd@meagHUM vVapor
processing apparatus according to the invention conprises: a vacuum chanber
capabl e 1Bfo kelgiantiallydibdentirersufacet ofthersdutared magnetp thswusapqaivpdocessi ng
vessel and .an evapprating vessel, both being disposed in the vacuum chanber
at a di &t &riveg msrhansm for resanathahesmetically sealed wospels : Asrdresulibat i ng

bl f heati th [ : | th t] |
A st atle APty St ion i Debe: proeleeed red dhe sosehoReh b B ocossi ng
vessel ang) 'furt‘ﬂékﬁlaﬁzﬂeéiﬁbe EHERRERT N4 Hp#t%aé]?‘ ﬂﬁ?iﬁ'a?ﬂoﬁFdo}B'@cg b8 be
evaporating vessel . THe PrGCesSing Vesse TRe'%evaor at PG VeS8l are

respecti yebyedledt 86 iispdiRd NEakhi BGLECAN Dl LIAGKED%oBVARE! 3herd he HEt al
evaporating material while raising the object to be processed to a
pr edet er pilsmtlantapeiatthne the mbadl evaporating material that has been melted
directly gets adhered to the object to be processed.
[0006]

Therefore, in view of the above points, the object of this invention is to
provide a vacuum vapor processing apparatus in which the amount of
evaporated metal atoms to an object to be processed can be adjusted, and in
which the structure thereof is simple.

[Means for Solving the Problems)
[0007)

In order to solve the above problems, the vacuum wvapor processing
apparatus according to the invention comprises' a vacuum chamber capable
of keeping inside thereof at a predetermined pressure; a processing vessel
and an evaporating vessel, both being disposed in the vacuum chamber at a
distance from, and in communication with, each other; and a heating means
capable of heating the processing vessel and the evaporating vessel in a state
in which an object to be processed is disposed in the processing vessel and in
which metal evaporating material is disposed in the evaporating vessel. The
processing vessel and the evaporating vessel are respectively heated by the

heating means to thereby evaporate the metal evaporating material while

raising the object to be processed to a predetermined temperature so that



3 evaporated netal atons are supplied to a surface of the object to be
processed in the processing vessel. [0008] According to the invention, the
object to be processed is set in position in the processing vessel and the
nmetal evaporating material is set in position in the evaporating vessel,
respectively. The heating nmeans is operated at a reduced pressure in the
vacuum chanber to thereby heat the processing vessel and the evaporating
vessel, respectively. Wien the netal evaporating naterial reaches a
predeterm ned tenperature at a certain pressure, the netal evaporating
material starts eyaporatjon. In thi ?se, sjnce tae bject. to be ocessed
and the nEY&HV% Bfezﬁfﬁ MafEs F‘é]?p];‘?‘g B srEase of the QE}?&T g‘i be ppeesssd  even

in case tﬂ?tﬂé)t}ﬁﬂas%iﬂ %sgélocessed is sintered magnet and the netal
evaporating naterra P9 Tare earth metal, there is no possibility that the
mel ted rarpoggg]th netal directly adheres to the sintered magnet whose
Nd-rich phase on the surface thereof is nelted. [0009] Then, the netal

at ons evapor atdedording be tley aparaidn)ghy ebfet tabe procHpbd edsdtdntgieitisonessi ng
vessel and nove toward the object to be processed directly or by repeating
col | i si onth¢ netcdesingevespelcasd ting nvadsl evaporating mesdiialiscfet iolipoeitidrons,

t hereby adhering to, and depositing on, the object to be processed. |In case
t he obj ecthe gvBROAtHHE ¥eseelhaesnectivoln allhenbeatingcmgras isHeparatest ahidns

adhered to the.surface of the object {o he processed i hat has been.heated to
The pr edete HeRolteSalert: th VAFBSH Fhawer o EAaRDY gheitn tho PO ISUS - At
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whi ch the obj 0 be"pi he “evaporatfng vessel in

whi ch themaBkal YR at %f&ie@@fzﬁfdeﬂ' teRpShARPS &b al LerbSiROPRSsRPSStId € 1O
i ndependently heat the object to be processed and the netal evaporating

mat eri al . meltal esrehting mhtdrivd dteals svgipbeaien.at It ehiefeabbiesinbs eled objecbe
o ocessedéo lt)g Iearocessed and the metal evaporating material are contained in separate
vessels, even in case the object to be processed is sintered magnet and the
metal evaporating material is rare earth metal, there is no possibility that
the melted rare earth metal directly adheres to the sintered magnet whose
Nd-rich phase on the surface thereof is melted.
[0009]

Then, the metal atoms evaporated in the evaporating vessel are
supplied to the processing vessel and move toward the object to be processed
directly or by repeating colisions inside the processing vessel in a plurality of
directions, thereby adhering to, and depositing on, the object to be processed.
In case the object to be processed has a crystalline structure, the metal atoms
adhered to the surface of the object to be processed that has been heated to
the predetermined temperature are diffused into the grain boundaries. At
that time, since the vessels are separated into the processing vessel in which
the object to be processed is disposed and the evaporating vessel in which the
metal evaporating material is disposed, it becomes possible to independently
heat the object to be processed and the metal evaporating material.

Irrespective of the heating temperature of the object to be processed, the

evaporating vessel can be heated to an arbitrary temperature to change the



evaporating vessel can be heated to an arbitrary tenperature to change the
4 vapor pressure in the evaporating vessel, whereby the anmount of supplying
the evaporated netal atons to the object to be processed can be adjusted.
[0010] If the evaporating vessel is provided with a pan which is capabl e of
di sposing therein the nmetal evaporating material, the anmount of supply of
the evaporated netal atons to the object to be processed can further be
adjusted to advantage. [0011] Further, if an adjusting plate that adjusts
an amount of supply of the evaporated netal atons to the processing vessel

i s mount egy 04} BREQRRN i Rn@revaguféﬁﬁg yRbsdlGHRAL O khé Refo A BMEAVLNO

passage betweenh the processing ves aporating ves

amount  of tleupriporated etdviapaiefethe dBéd o DEIROEA A GaNBLsdjabtdds
determ ned: in _case the adjusting plate is not nounted, on the opening area

on the uppB)OI:ﬁ]rface of the pan and; in case the adjusting plate is
mount ed, such_that the anmount of metal atons to reach the processin
chanber t hr oubfhthievaperaimg wgssalaisepupvideshzath avpenemhicihgs capablet obf
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t enper at UiadJahidgsli tion, the sectional area of the communicating passage
bet ween the processing vessel and the evaporating vessel may be varied to
t hereby i nf@0dage or decrease the anmount of metal atons to reach the
processing vessel through this comunicating passage. [0012] Preferably,
t he processi nfuvideself s adjisting phate thodyadjasis asiamoant ok supalyt ofdhese upper
surface is open, and a lid part which is detachably nounted
evaporated metal atoms to the processing vessel 1s mounted on an open upper
surface of the pan or in a communicating passage between the processing
vessel and the evaporating vessel, the amount of supply of the evaporated
metal evaporating material is determined: in case the adjusting plate is not
mounted, on the opening area on the upper surface of the pan and; in case the
adjusting plate is mounted, such that the amount of metal atoms to reach the
processing chamber through this adjusting plate decreases, whereby the
amount of supply of the metal evaporating material to the object to be
processed can be adjusted. In this case, the area of opening on the upper
surface of the pan may be increased or decreased to thereby increase or
decrease the amount of evaporation of the metal evaporating material at a
certain temperature. In addition, the sectional area of the communicating
passage between the processing vessel and the evaporating vessel may be
varied to thereby increase or decrease the amount of metal atoms to reach the
processing vessel through this communicating passage.
[0012]
Preferably, the processing vessel is a first box body comprising a box
part whose upper surface is open, and a lid part which is detachably mounted

on the open upper surface of the box part. The first box part can be taken

into, or taken out of, the vacuum chamber, and the inner space of the first box



on the open upper surface of the box part. The first box part can be taken

i nto, or taken out of, the vacuum chanber, and the inner space of the first
box 5 part is reduced to a predeterm ned pressure acconpani ed by pressure
reduction in the vacuum chanber. According to this arrangenent, there is no
need of a separate evacuating nmeans for use in pressure reduction of the
processi ng vessel, resulting in a cost reduction. Further, after, e.g.,
havi ng stopped the evaporation of the metal evaporating material, the

processin + VES$ a C tbe furt@ r redugced in pressure in 'g?e t her eof wi t hout
baki ng odtrt e TiveidbdPng Pasddermiied ipesrus Acomprunsl By L550R9E ¢ he
processi REgqu¥§ss §h tﬁ%'\?a&}u%&@%h% ! nAE&ﬁ'dE}P%%&tthisoﬁpx%n%'éﬁfé?l%,sﬂgergaig be
taken into, or taken out of, the vacuum chamnber, theré® s no need of

provi di ngd Aeddef a@ﬁﬁﬁmecéwm&i@ a3 THS ke 3 DreBurel FedubAbntolkheg i nto,
or taking out of, the box body the object to be processed, resulting in a

si npl er gonsissurg vessedf restillidngppea abstsrddustioh. [Furthérs afiesee.gl,fhaning
arrangenment is made such that a_plurality of box bodies are contained
i nsi de t [FEORRESU e evanpeatian of kel metali evAncrativgsmatevak sthegpracesdng cope
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supplied to substantially the ntire surface of the object to be processed

ei ther ditakeh | ouatobf, f tiMvacliel @hhinber,0thdler &€ ooAse® Yol pRFadingdirc ahki si ons.
Therefore, there is no need of a rotating nechanismand the |ike for
r ot at i ng vaheunbglEamnbeo abeeghatisss echd theelike dmstakiogiioto, afr tahkenmpphpit us can

t hus be advantageously sinplified. [0014] On the other hand, preferably,
the evapdpatorPodystde) oljectdodee prasepipd, resulting in a simpler construction of

the apparatus itself. In this case, if an arrangement is made such that a
plurality of box bodies are contained inside the vacuum chamber to enable
simultaneous processing, it can cope with mass production.

[0013]

In this case, if an arrangement is made that a bearing grid is provided
which is capable of mounting thereon the object to be processed at a
predetermined height from a bottom of the processing vessel, and that the
bearing grid is made by arranging a plurality of wire rods, e.g., the metal
atoms evaporated in the evaporating vessel are supplied to substantially the
entire surface of the object to be processed either directly or from a plurality
of directions by repeating collisions. Therefore, there is no need of a rotating
mechanism and the like for rotating the object to be processed. The
construction of the apparatus can thus be advantageously simplified.

[0014]
On the other hand, preferably, the evaporating vessel is a second box
body comprising a box part whose upper surface is open, and a lid part which
is detachably mounted on the open upper surface of the box part. The

second box part can be taken into, or taken out of, the vacuum chamber, and



body conprising a box part whose upper surface is open, and a |lid part which
i s detachably nmounted on the open upper surface of the box part. The second
box part can be taken into, or taken out of, the vacuum chanber, and 6 the
i nner space of the second box part is reduced to a predeterm ned pressure
acconpani ed by pressure reduction in the vacuum chanber. [0015] By
arrangi ng such that the processing vessel, the evaporating vessel, and the
heati ng nmeans: are nmade of a material that is free fromreaction with the
nmet al evapor.ati ng nat%;ial; or have, on at, |l east the surface_thereof, a

lini ng fitPmiRReRSRACeLItReserand bagparkis jedaced denarrigdetdmimpd Rresfaraet al

evaporating nmaterial ., the othe tal atons can advant ageously be prevented
from ent @F?%PFH{G hBIGREPEY r?/(glbcgfona]t“rﬁjsepwmﬁﬁﬁ & the recovery of the
nmet al evamgégij ng material becones easy. This is particularly effective in
case Dy and Tb, that are scanty as natural resources and stable supply

thereof cann@y hergxgast Ath st ﬂ@é‘;pfibéb%giﬂ@vééh%l,nﬁi@bva@ﬁﬁ%@&éé@@l,

material. [0016] |In case the object to be processed is an iron-boron-rare

earth si mdrthe hewgnemeanstatdmatet dla meapanbthatgs fedecfroal rezotivbaiwishat | east

one of Dy and Th, the amount of supply of the evaporated Dy and Th to the

si nt er ed thagnetal evapaupting cnaterialhar hawe, mot at leaginthe anrfbee dheweoddat o t he

surface of .the, sint rg{% magnet .. The adhgjed nmetal atons c¢can advant ageously
a

be diffu wang ; ik, mg e ffaf nipberahhapradeee Sromneastinneved Hegreetalefore a
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t he obj egbcdverPe obr tleesardal evaporating material becomes easy. This is
particularly effective in case Dy and Th, that are scanty as natural resources
and stable supply thereof cannot be expected, are contained in the metal
evaporating material.
[0016]
In case the object to be processed is an iron-boron-rare earth sintered
magnet, and the metal evaporating material contains at least one of Dy and
Th, the amount of supply of the evaporated Dy and Tb to the sintered magnet
is adjusted so that the metal atoms can be adhered to the surface of the
sintered magnet. The adhered metal atoms can advantageously be diffused
into the grain boundary phases of the sintered magnet before a thin film of Dy,
Th is formed on the surface of the sintered magnet.
[ Effect of the Invention]
As described hereinabove, the vacuum vapor processing apparatus of
the invention has an effect in that it has a simple construction and that the
amount of supply of the evaporated metal atoms to the object to be processed
can be adjusted.
[Best Mode for Carrying out the Invention]
[0018)

With reference to Figs. 1 and 2, reference numeral 1 denotes a vacuum



can be adjusted. [Best Mdde for Carrying out the Invention] [0018] Wth
reference to Figs. 1 and 2, reference nuneral 1 denotes a vacuum 7 vapor
processi ng apparatus 1 of this invention. The vacuum vapor processing
apparatus 1 has a vacuum chanber 12 that can be reduced to a predeterm ned
pressure (e.g., 1X10-'Pa) and held in that state through vacuum exhaust
means 11 such as a turbo-nol ecul ar punp, cryo-punp, diffuser punp, and the
like. In the vacuum chanber 12 a processing vessel 2 and an evaporating
vessel 3 are disposed in a vertical direction with each other. The
processi rkpppEs pedcessingd arparatizmhol aof ndiv eswehtidnar e Theomagnimmatwadboro each
ot her throu a comuni catj ng passage 4. An_objec to be processed S and

et al d_evéﬁf&lggﬁsi]% appeEriug 1 hag vAcavm ehpber &_Bpfrl rdagk Be ye Etreécﬁ%a
e
evapor at &ghchifint R&HEVRPMhBLH ST IV &3ER ag %%Pﬁ}?%lﬁgﬂgfﬂg?g%m% !b%y&phﬁﬁ}, to be

processed inside the processing vesse icating 'passage

4. [00194iffiber pupgrssidithe/BRee! I thé vachinhSthdiAkeP ) pRidEsdiRg Fbsgelbox part
21 which is a rectangul ar parallel epiped with an upper surface |eft open,

and a | iZapdran 22apdriating sessab8dre dispbwidnin atteartieal directiomavitleteached from
the wupper_surface of the first box gart 21. The processing vessel 2 can be
taken i mther.andUbet psecessiig versseln ¢handerthe2 evaporatingt sessebr BpHeey of the

ci rcunt ci<GEBAEARLH hears At throseRa: HEORRBHCUAE RESTHe- SURTMETof e
(in thi s PolecPraefinf 2ot eldic v Bhotabit: HhCatY, ieh Rl o™
thereby dgfirBfridtely selected depending on the desired processing are respectively
disposed in the processing vessel 2 and the evaporating vessel 3. The metal
atoms evaporated in the evaporating vessel 3 can be supplied to the object to
be processed inside the processing vessel 2 through the communicating
passage 4.
{0019]
The processing vessel 2 is a first box body made up of a box part 21
which is a rectangular paralilelepiped with an upper surface left open, and a
lid part 22 which is capable of being attached to, and detached from, the
upper surface of the first box part 21. The processing vessel 2 can be taken
into, and out of, the vacuum chamber.12. On an outer periphery of the lid
part 22, a flange 22a which is bent downward is formed over the entive
circumference. When the lid part 22 is mounted on the upper surface of the
box part 21, the flange 22a is fit into the outer wall of the box part 21 (in this
case, vacuum sealing such as a metal seal is not provided) to thereby define a
processing chamber 20 which is isolated from the vacuum chamber 12.
When the vacuum chamber 12 is reduced to a predetermined pressure (e.g., 1
X 10~ °Pa) via evacuating means 11, the processing chamber 20 is reduced to

a pressure that is higher approximately by half a digit (e.g., 5X 10™ *Pa).
[0020]



processi ng chanber 20 which is isolated fromthe vacuum chanber 12. When

t he vacuum chanber 12 is reduced to a predeterm ned pressure (e.g., 1 X
10-' Pa) via evacuating neans 11, the processing chanber 20 is reduced to - 4
Pa). a pressure that is higher approximately by half a digit (e.g., 5 x 10
[ 0020) 8 The volume of the processing chanber 20 is set, taking into
consideration a nean free path of netal evaporating material V, so that the
evaporated nmetal atomnms can be supplied to the object to be processed S
directly or in a plurality of directions after repeating collisions. The

wal | thi ckne§%es wflutdee dfoxthpargroddssangl thembesl ROr tis 23etar ealsitle Satd hat
they are not  _deforned by heat when they are heated by a heating neans
descri bedcorsideratiqroa 2npan d¢aipatihef prasabevapayatingntietedal Vheo shasthor ned a
bearing grid 21 made . b disposigg in lattice forma pluyrality of wire rods

(e.g., O.F¥por metal gtoms capqhe stpphed Freithat oieeinte e paedesRS & face. A
lural it i ect 101 d be placed on.thi i i d
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t hrough the communi cating "passage 4 to substanti al the enti‘re surface of

the obj eciefopmeldcbyohosewhed they Ao hdhteThy ¥ HRatineOeanP UHERRddbQbw. _
directions by repeating collisions. Therefore, there is no need of rotating

the box bolJ02i]itself or the object S to be processed inside the box body
2. [0022] On_the other hand, the evaporating vessel 3 is a second box body
formed into Anfidetthegprasesyingathasnlksyi Bedherhds forwad ddrabogyzddcdin be
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upper sur fd)a)c& P i)ré(ﬂe%ermined height from the bottom surface. A plurality of objects
S to be processed can be placed on this baring grid 21a. According to this
arrangement, the metal atoms evaporated inside the evaporating vessel 3
positioned below the processing vessel 2 are supplied through the
communicating passage 4 to substantially the entire surface of the object to
be processed either directly or from a plurality of directions by repeating
collisions. Therefore, there is no need of rotating the box body 2 itself or the
object S to be processed inside the box body 2.
[0022]

On the other hand, the evaporating vessel 3 is a second box body formed
into a rectangular parallelepiped. The second box body 3 can be taken into,
or taken out of, the vacuum chamber 2 and defines an evaporating chamber
30 that is isolated from the vacuum chamber 12. On an upper surface of the
second box body 3, there is provided a circular opening 31. The cylindrical
communicating passage 4 which is in communication with the evaporating
chamber 30 is integrally provided so as to extend upward while enclosing the
opening 31. A circular opening 2a is provided on the bottom surface of the
first box body 2. When each of the first and second box bodies 2, 3 is
disposed in a predetermined position inside the vacuum chamber 12, the

upper surface of the communicating passage 4 comes into surface contact



second box body 3, there is provided a circular opening 31. The cylindrical
communi cati ng passage 4 which is in comunication with the evaporating
chanber 30 is integrally provided so as to extend upward while encl osing the
opening 31. A circular opening 2a is provided on the bottom surface of the
first box body 2. Wen each of the first and second box bodies 2, 3 is

di sposed in a predeterm ned position inside the vacuum chanber 12, the

upper surface of the comrunicating passage 4 cones into surface contact 9
with the | ower surface of the box body 2 and, also, the opening 2a coincides
wi th t he voighrihedowepeurfaed fotheﬂmmbu%mﬁi zd,i algo pesageniag 2shesiebidesbr i ngi ng
t he processj ng chanber 20 and the evaporating chanber 30 into conmunication
with eachVi§RnEhe QReNERE HPRET ¢Rd ohethe jcomyBRPHElNE Hseege 4 hihereby

comruni cat es .t he,processi.n harTEer §0 i,th the evacuati.n hanher . 30

t hr ough t%ﬁén%lf} i BRPRY B ey 2 n?lnm%lﬁ ggagoggflgtgegpqupﬁ% G acuum
hanb i : j i h 30 i

cvacuat esomBanRatoRdwic: bAE FhERT A6 BHoy W OREVHRAL 3L dhnddl ARMEE0 %)) D

reduced ithapcemmificicd tHacpasiakichamRans0 wWith tAORvREQHSSS cRGmbanber 20
and the evaporating chanber 30 are thus reduced to a pressure that is

hi gher t [8&n thimighoftht hemwacmicatiiaiasade dyadblthad isdisgldted [ 8#023lthe Fur t her,
the evaporating chanber 30 is provided with a pan 51 which is of recessed
shape i nvecoys shembar, 120 t Ascordengl toevhporaarangementr th¢ ovapoeratgngnul ar
formor bulk form.can be held therein.. On an open uppey surface of. the pan
51 therech§nﬂlﬁra alsl gvaruated Ehnoughpbhs procogsing ¢hamber i9e avhspethe he

entire surface tﬂer of Wth a,plu alitly of hol es, 52a of tihe sane djaneter.

This 11 d BEAYTssREmTE11 e Fdbeal & grreariuarirs th g peuetng RERRs i st s t he

anmount ot c¥s£ﬂ%EH§m%\é§%rﬂ£ﬁh&BéA€dor gﬂg%h%%tﬁﬁ%%?&m RGuebgmoer 20
. I'fig to thi

t hrough the ‘tonmuni Cati ng passage cor S arrangenent,
to a pressure that is higher than that of the vacuum chamber 12 by half a

digit.
[0023]

Further, the evaporating chamber 30 is provided with a pan 51 which is
of recessed shape in cross-section, so that metal evaporating material V in
granular form or bulk form can be held therein. On an open upper surface of
the pan 51 there is detachably placed a lid body 52 which is provided over the
entire surface thereof with a plurality of holes 52a of the same diameter.
This lid body 52 serves the purpose of an adjusting plate which adjusts the
amount of supply of the evaporated metal atoms to the processing chamber
20 through the communicating passage 4. According to this arrangement,
when the lid body 52 is not placed in posttion, the amount of evaporation of
the metal evaporating material is determined depending on the area of
opening on the upper surface of the pan 51. When the lid body 52 is placed
in position, the amount of metal atoms to reach the processing chamber 20
through the lid body 52 is reduced, whereby the amount of supply of the
metal evaporating material V to the object S to be processed can be adjusted.
In this case, an arrangement may also be made such that, by increasing or

decreasing the area of the opening in the upper surface of the pan 51, the
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when the lid body 52 is not placed in position, the ambunt of evaporation of
the nmetal evaporating material is determ ned depending on the area of
openi ng on the upper surface of the pan 51. When the lid body 52 is placed
in position, the anount of netal atons to reach the processing chanber 20
through the lid body 52 is reduced, whereby the anount of supply of the
netal evaporating nmaterial V to the object S to be processed can be
adjusted. In this case, an arrangenent nmay al so be made such that, by

i ncreasing or degreasing.the area of the opening in the upper surface of
the pan FAMNOHRE gl eyiRparition Baypdratinereasay b %ﬁ@ﬂ%ﬁ%@dagradé@tf@%ed at a

uni form tenperature.,Further, by changi ng ,the tatal openi rea of the
ol es. 5o THATAN e FOUEhEr i, (RRRE T EalcOpa g qap acel UEHROISR AV of
net al at X C I hr t i 52 may
al so be %%ég%gégﬁgg u%%??ga[gge%‘.sﬁl(%ggﬁb ﬂgbv@%né}%hémﬁg‘g gl%ferggtﬁgragﬁ%%g%nat eri al
Vis Dy aRdcBNihd fprbéfsidg Thaddtbr 26CGUBRX tROAi®Shedly $20In 40so3 pemke that
are ordinarily used in a vacuum apparatus in general "are enpl oyed, there is
a possi biihcteaselatr debmeagedporated Dy and Th react with A12G3 to thereby
formprodycts of reaction on the surface of the box bodies, and atons of Al

enter int Oﬁﬂé?metal vapor atnosphere. Accordingly, each of the first and

second box bagj.es 2, 3, the comunicating passage 4_and the pan 51
(i ncl usi ve of % &r%%ﬂﬂemor&t@g madenak Vgis Dyrang Thyif yhe Byshang) | oys

and the 1180 PG et o® SF Ml s TR it e SR aRe 1SN0 T AEBRE t t ed”
oy (1, CSYGEAELL Bl ARG EOOEH 8 05 O A =
Accor di nd)y addhiTh asdangamenl, Othg ehéebyRiral pRb@iEs sRPedREiodr 6 eieed from
entering into the netal vapor atnosphere and, in addition, it becones easy
to recovewurfive pnBtthe beaparditd, ngndatemialof VAl enter into the metal vapor

atmosphere. Accordingly, each of the first and second box bodies 2, 3, the

communicating passage 4 and the pan 51 (inclusive of the lid body 52) are

made, e.g., of Mo, W, V, T4 or alloys thereof (inclusive of rare earth elements

added Mo alloy, Ti added Mo alloy and the like), CaO, Y,0, or oxides of rare

earth elements, or constituted by the construction in which these materials

are formed into a film as an inner lining on the surface of the other thermal

insulation material. According to this arrangement, the other metal atoms

can be prevented from entering into the metal vapor atmosphere and, in

addition, it becomes easy to recover the metal evaporating material V

adhered to the surfaces, e.g., of the box bodies 2, 3. The wire-rod material to

constitute the bearing grid 21a inside the first box body 2 is also made of a

material that does not react with the metal evaporating material.

[0025]
The vacuum chamber 12 is provided with two heating means 6a, 6b that
can independently heat each of the first and second box bodies 2, 3. Each of
the heating means 6a, 6b has the same mode, e.g., is provided so as to enclose

the circumference of each of the first and second box bodies 2, 3 and is

provided with a thermal insulating material of Mo make and having a
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adhered to the surfaces, e.g., of the box bodies 2, 3. The wire-rod materi al
to constitute the bearing grid 21a inside the first box body 2 is al so nade
of a mterial that does not react with the nmetal evaporating material.
(0025] The vacuum chanber 12 is provided with two heating means 6a, 6b that
can i ndependently heat each of the first and second box bodies 2, 3. Each of
the heating neans 6a, 6b has the sane node, e.g., is provided so as to
enclose the circunference of each of the first and second box bodies 2, 3
and is provided with a thermal insulating material of Me make and having a
11 ref | ecteberting patfaceont the innear side dderéndr and, arantctiric dleaten havimeat er

havi ng a ila n%: f I\/g]émakgh e first and.second box bodies 2, 3 are ‘
heat ed at ampgglg @g‘)fj’i‘ Sur eP ek andotecone beghadies fedmrecheats ainy
i ndi tl i hanb 20 d.th ti h 30 E
through ¢ FeRia DisGawRLRS 8agh B Hhc BERRRe Re Y o G YRS LRA B aber |
20 and t hgroR¥aRe 8hdABer MM BRe %ageg%tgﬁrggﬁqgg&?ﬁﬁnéﬂr%gg ﬂ['fl%'ef) my. |

[ 0026] Then, by heating the processin one eating

neans 6a, bbltiesofj &t whetdhbyoehpr pardsest khe NRALERIAS hdhBEetRy Andedhe
tenperature and is held at the tenperature. The evaporating chanber 30 is
heat ed byeviworatingrchefmbdre3heat bedeamted subitantiallyanefiynelyapor at e t he netal
evaporat i nP material V. The evaporated netal atonms are supplied to the
surface of k99@6lobj ect S to be processed that is disposed inside the
processi ng chanber. Zg tQ cayse themto agak dhered t the;&b form a
metal |ic fil mlDeByhyhBeating thesprqrgsipg) chambey B8 wrdcese sheating

|1 , i h hesi f f
Cha " obj ec el 8 8. oBlegh " i HE b PEacBite o e i ot PusBadr et gr ai n
boundary E&lﬁ%&%m&@%&ha h\g‘ﬁfﬁg thE t8Bbalatt¥ePOTAL LOEp SR Ed Aan{bbf 30 is

evapor at ed, because, e.
heated by the other of the heating means 6b to thereby evaporate the metal

evaporating material V. The evaporated metal atoms are supplied to the
surface of the object S to be processed that is disposed inside the processing
chamber 20 to cause them to be adhered to thereby form a metallic film.
Further, in case the object to be processed has a crystalline structure, at the
same time as the adhesion to the surface of the object to be processed, the
metal atoms can be diffused into the grain boundary phases.

[0027]

When the metal evaporating material V is evaporated, because, e.g., the
first box body 2 is of a construction (substantially hermetically sealed
construction) to have mounted the lid part 22 on the upper surface of the box
part 21, there is a possibility that the evaporated atoms partly flow out of the
box body 2 through the clearance between the box part 21 and the lid part 22.
However, since the insulating material constituting the heating means 3 so
disposed as to enclose the circumference of the box body 2 is also made of a
material that does not react with the metal evaporating material V, the
vacuum chamber 12 is not contaminated inside thereof, and the recovery of
the metal evaporating material becomes easy.

[0028]
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“first box body 2 is of a construction (substantially hernetically seal ed
construction) to have nounted the |id part 22 on the upper surface of the
box part 21, there is a possibility that the evaporated atons partly flow
out of the box body 2 through the clearance between the box part 21 and the
lid part 22. However, since the insulating material constituting the
heating nmeans 3 so disposed as to enclose the circunference of the box body
2 is also made of a material that does not react with the nmetal evaporating
material V, the vacuum chanber 12 is not contam nated inside thereof, and

th h t al t] terial.b .. 028] 12
Fur ther ¢ the R cHien BRI D SpPe et It G0 (h ERB HHEORIR bR ans

t il ' i el ' t h
(o, L o AEESL D BT RS el
processi ngsf AF A PERdeiQr Mmad Qﬁ%riﬂ%ﬁ%gfdng}gle%ﬁg’pﬁéﬁﬁs Stgé’gb‘%'a@?%ﬁ{gga -

operation of each of the heating neans , , Ar ‘gas of,

i nt roducegrbeesshey dby pepicdeteiimedolpariol of opifienGridyeaftvapgtbppingn the t he
netal evaporating material V inside the second box body 3. (0029] After
havi ng st oppeatitthefassporfithehaftingheemtsabacbhpdragangimater 181 kPy ist he
vacuum chanber. 12 is reduced in pressure through the evacuating neans 11,

t her eby r éBeAHEed fhe iheaeky meriorm fbe giode ©F siteppingatise evaporaitrn ehdhe
evaporating chanmber 30 to ressur. i ch is, highe han t hat of the
vacuum chéﬁ@@? e‘ﬁpw%ﬁlﬁ ‘Flagelg?lgﬁ?ﬂ@%\@erss%ndn ,QO’?E%&b%ocessi ng chanber 20
can be redxeg%io a predeterm ned pressure after stopping the evaporation of
the netal evaporating material V, wthout taking out each of the first and

second box bodifsr Ravidg étﬂp?é’(g i:tLB% %ga]ta%‘g’ﬂﬁﬁl el dnbdl @%opﬁ’tﬂﬁ% ZnhtRrial

constituted by the box par l1d part 22, the construction of the
box body 2% itheevdcudechmmsbad 32 isi rgdheed andpresoare theoddid thardvaddatifig

renoved, the upper surface
means 11, thereby reducing the pressure of the processing chamber 20 and
the evaporating chamber 30 to a pressure which is higher than that of the
vacuum chamber 12 by half a digit. As a result, the processing chamber 20
can be reduced to a predetermined pressure after stopping the evaporation of
the metal evaporating material V, without taking out each of the first and
second box bodies 2, 3. In addition, since the first box body 2 is constituted
by the box part 21 and the lid part 22, the construction of the box body 2 itself
becomes also simpler ahd, when the lid part 22 is removed, the upper surface
is left open so that the taking in and out of the box body 2 of the object S to be
processed also becomes easy. The mechanism and the like to take the object
S to be processed into, and out of, the box body 2 within the vacuum chamber
12 is not needed any more. Therefore, the vacuum vapor processing
apparatus 1 itself can be simplified in construction. In addition, if plural
sets of first and second box bodies are arranged to be capable of being housed,
a large amount of objects S to be processed can simultaneously be handled,
attaining high productivity. Further, a description has so far been made of
an example in which heating means 3 is provided inside the vacuum chamber

12. However, any one will serve the purpose as long as the box body 2 can be

heated to a predetermined temperature, and the heating means may be
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i's'left open so that the taking in and out of the box body 2 of the object S
to be processed al so becones easy. The nmechanismand the like to take the
object S to be processed into, and out of, the box body 2 within the vacuum
chanmber 12 is not needed any nore. Therefore, the vacuum vapor processing
apparatus 1 itself can be sinplified in construction. In addition, if plural
sets of first and second box bodies are arranged to be capabl e of being
housed, a |arge anobunt of objects S to be processed can sinultaneously be
handl ed, attaining high productivity. Further, a description has so far
been made of an exanple in which heating means 3 is provided inside the
vacuun1chaﬁ@E@SﬁdﬂBﬁSEEMﬁwxﬁacuamwCb@@ﬂmuﬂlﬂ serve the purpose as long as the
box body Zdi%% ? heated to a predeterm ned tenperature, and the heating
means mnay 9 di sposed outside the vacuum chanber 12. [0030] In the

| e, d t h f whi th 51 i
cxam . 2, S5 LB -SSR B BB CHR. 8 PhSh G AR 5
dlid
5 0011 P SRS LRE ok Bl ARSI i Py S

di sposed %sbéﬁ3fdrﬁplldoﬁod§1§25ﬁ9 P rBRAY 3n {Ajubiifs QAR 1shﬁﬂ%1d@dl
arrangenment nay al so be made such that an adjusting plate having a

plurality Bat watlesaiti eipg timided therdtb,et}m)mmm cedpdrgtipgsmagsidl Vanagjbest the
amount of supply of the evaporated nmetal atons to the processing chanmber
20. [0031]dispoesgedhen, then fiohe @xﬁxepbeqoml dexchadst i3on Gmastheeethearakiendf aan
exanple in which the co atln pasa 4 is provided jntegrally with

t he secondﬂrﬁﬁﬁe%%/ mAy: a t gﬁ‘?ﬁe@“t%@ﬂé@@ﬁ Prideelapdigatt ng

| b t. th d b d
e s Sl T B B s PP
evapor at i ngy fRh €6k SipMyCaNtieevaporated metal atoms to the processing chamber

20.
[0031]

Further, in the example, a description has been made of an example in
which the communicating passage 4 is provided integrally with the second
box body. But without being limited thereto, the evaporating vessel 3 may
be constituted, in a similar manner as the above-described processing vessel 2,
of a box part and a lid part so that the metal evaporating material V can be
placed in position in a state in which the lid part is removed. Further, in
this example, a description has been made of an arrangement in which the
processing vessel 2 and the evaporating vessel 3 are disposed in the vertical
positional relationship with each other. The arrangement inside the vacuum
chamber 12 is not limited to the above; the evaporating vessel 2 may also be
provided by fixing it to the vacuum chamber.

[0082]

Now, with reference to Figs. 1 through 3, a description will be made of
the processing to improve the magnetizing and coercive force of a sintered
magnet S in a vacuum vapor processing by using the above-described vacuum
vapor processing apparatus 1. The Nd-Fe-B sintered magnet S 1is

manufactured as follows by a known method. That is, Fe, B and Nd are
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placed in position in a state in which the lid part is renoved. Further, in
this exanple, a description has been made of an arrangenent in which the
processi ng vessel 2 and the evaporating vessel 3 are disposed in the
vertical positional relationship with each other. The arrangenent inside

t he vacuum chanber 12 is not limted to the above; the evaporating vessel 2
may al so be provided by fixing it to the vacuum chanber. [0032] Now, with
reference to Figs. 1.-through 3, a description will be made of the

processing.to i nprove the magneti zi ng. and coercive farce of, a sintered
magnet S’gﬁ"egl %cﬁuﬂ%ﬂ%ﬁ%ﬁm é%%’ipﬁg’tw Fétiagte eé%‘&(/é’-bé%%’crainb S¥acuum
vapor pr i . . -Fe-B sintere net IS factured
ae" ol [ odgeBeh et BRR b atos RO OF wieed abEhT KA, el a2
predet erm L OGN Al I BTE:HH aving a
t hi cknes;m {1‘)]?: ﬁsq%ggﬁ%}h%asglr}nzﬁ%df ﬁ%ﬁ%ﬁﬁmﬁﬁ égﬁbgﬁgggf@%ngé 5}5{}&; t he g‘?ﬁgr hand,

an alIoykﬁamh@mﬁmﬁmk@gbythbmmh&ﬂﬁae@ﬁﬂaggpéwﬁhﬁyhﬂnhodbeA@mnuIaﬁkmﬁﬁd by the
known centrifugal casting nethod. A small armount of Cu, Zr, Dy, Th, A or
Ga may befdiyd, DyeThi Al dufianmayte dddedutheretordurihgthe forenwaniohathaned al | oy
menber is_once ground by the known hydrogen grinding process and then

pul ver i zd@eppameastaresd atloyp apembpy i1 goneogtasnd podbs] koown, hydrogent or i ng

into a predet.erm ned sh such as. a,rect angul a arall el epi ped or a col um
ina rmf)cgr\m 1ﬂgﬁaﬁ%ﬁsia§a‘ﬁﬁe@n}? Vieﬁlﬁ?dii’ﬁ’%Jgﬁ'mlgrﬁﬁve%ﬁﬁgrplg?%?et er i ned

condi ti onzobg hereby obtain the above-described sintered magnet. In each
of the steps ? r manufacturing the sintered nagnet S, the conditions may

LEoPEcty oLy DR RPYU Eathng Shol bipapenage g AT sybheihy
parallelepiped or a column in a mold with magnetic orientation, it is sintered
under predetermined conditions to thereby obtain the above-described‘
sintered magnet. In each of the steps for manufacturing the sintered
magnet S, the conditions may respectively be optimized so that the average
grain diameter of the sintered magnet S falls in a range of 1y m~5x m or 7
g m~20u m.

{0034]

If the mean grain diameter is larger than 7 2 m, since the spinning force
of the grains during generation of the magnetic field is increased, the degree
of orientation is improved and additionally the surface area of grain boundary
is reduced, and it is possible to efficiently diffuse at least one of Dy and Tb
and thus to obtain a permanent magnet M having a remarkably high coercive
force. If the mean grain diameter is larger than 25 x4 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 respectively reduced.

[0035]

On the other hand, if the mean grain diameter is smaller than 5um,

the rate of single domain grains is increased and, as a result, a permanent
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If the nmean grain dianeter is larger than 7 u m since the spinning force
of the grains during generation of the magnetic field is increased, the
degree of orientation is inproved and additionally the surface area of
grain boundary is reduced, and it is possible to efficiently diffuse at

| east one of Dy and Tb and thus to obtain a pernmanent nmagnet M having a
remar kably high coercive force. If the nean grain dianeter is |arger than
25 m the rate in the grain boundary of grains including different grain
orientation in one grain is _extrenmely increased and the degree of
orientati maﬁ.rlsetdb@@n'goﬂr@mhug@n@nerayeat};r@eesanu the oltainedi Hutheemenyyempinduct
remanent fl.ux densit nd .the coercive _force are respectively reduced.
[0035] OfidTREte: Resalloithan 1. s @}eaﬂ»’fﬁ“ai’éﬁﬁfiéﬁ becamas P2 5 m

h f si. i ins is i ed and,..as. |t

15° magnet _%HIE\SP'P%%{@\%%&?}QEE%R Subd Briieatehn 36 i fea ™ot mlsian orain
di amet er @3@@&%&%& é'n&ltgﬁ% thb @98?1&&%11 ?gﬁoa?u %irﬁﬁfmsgi@@” and
conplicated, the tine require or performrg the diffusing process nust be

extrenel y xherardlcd e tdibsunhef Gtaducdontéity the 109k théspaed bh ifffigdomragnet
S, the smaller the anbunt of oxygen content, the larger the speed of

di f f usi onof &y dyd ThdnTh the goaivhboupddny gdmsasar Theredses thdlaygédmeentenhe
oxygen content in the sintered nagnet S itself may be bel ow 3000 ppm
pr ef er abl yn gbeosintagdomegret a%dtsnifsmam be éqe&mﬁ@ o OpGienehly [bobme]

Then, the_si.ntered net S fgctured in the above described nethod is
pl aced Onzﬁhﬁp@%rqrﬁ%@sh@gga”@ﬂ%w Ope- 21, and the Dy which is the
netal evap 6@56 ng material Vis placed in the pan 51 in the second box body
3. Then, the s€cond box body 3 is placed in a predeterm ned position that

£ ST s DI MBACAGPaRRh 098 lgaE UM BSARRG Aerpénd 11
method is placed on the bearing grid 21a of the box part 21, and the Dy which
1s the metal evaporating material V is placed in the pén 51 in the second box
body 3. Then, the second box body 3 is placed in a predetermined position
that is enclosed by the heating means 6b inside the vacuum chamber 12.
And the first box part 2 having mounted the lid part 22 on the opened upper
surface of the box part 21 is placed in a predetermined position that is
enclosed by the heating means 6a inside the vacuum chamber 12 (as a result,
the sintered magnet S and the metal evaporating material V are disposed
apart from each other inside the vacuum chamber 12; see Fig. 1).

[0037]

Then, the vacuum chamber 12 is evacuated to a predetermined pressure
(e.g., 1X1074Pa) via the evacuating means 11 (the processing chamber 20 and
the evaporating chamber 30 are evacuated to a pressure that is higher by half
a digit). When the vacuum chamber 12 has reached a predetermined
pressure, each of the heating means 6a, 6b is operated to heat the processing
chamber 20 and the evaporating chamber 30. When the sintered magnet S
inside the processing chamber 20 has been heated to a predetermined

temperature and is held at the temperature and, on the other hand, the

temperature inside the evaporating chamber 20 has reached a predetermined
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surface of the box part 21 is placed in a predeterm ned position that is
encl osed by the heating neans 6a inside the vacuum chanber 12 (as a result,
the sintered magnet S and the netal evaporating material V are di sposed
apart from each other inside the vacuum chanber 12; see Fig. 1). [0037]
Then, the vacuum chanber 12 is evacuated to a predeterm ned pressure (e.g.,
1 X 10-4Pa) via the evacuating neans 11 (the processing chanber 20 and the
evaporating chanber 30 are evacuated to a pressure that is higher by half a
digit). Wien the vacuum chanber 12 has reached a predeterm ned pressure,
each of tHempeaeiurg atetlns reducabpressuper Byciar the paat 51 éaxts cvepsratipn.chanber
20 and th gva%rgaﬁi ng chamber 30. Wen the sintered magnet S inside the
processi ngN ARHBErLUY 6la1ds eNaperation dingeothe sipteredanasnetS BdlpedatkAd and i s

evapor at | TOREE Boteady el by BEaLY Bhpsedil> the TRRRLARROES The
reduced PRERSW iRk NO-HDE 18eSE ALRELS, HRRAREMAR] mUllbhE AYDRLarS

evaporation, since the sint magne IS plac apa

mel ted Dy amb| bupgliedetodithecinsidadheridd peodeRSing %hﬁfrﬁ%r”@gwhro%&/ﬁ’\’ftﬁée

surface Nd-rich phase is nelted. The evaporated netal atons of are
suppl i ed tcomtrhenicasinge pabsddee 4pnadessd napphadbeiwad, tandugtherbd to, the
comuni cat i ng@gasfsage 4 and are supplied toward, and adhered to, the
surface ofsurfisesiinther ethtarethenagathatthad iat ataappredetemmineddtersnpemtatar e,
Tnsi de ¢ 15T SHEREISGF ivhiseP oorog GReGPEE oy aRs ke ULOPROBSRe gr ai n
poundary, BSERReLyh%GRLAE I TR ab B SRR RELEEDS e
E Qre}peﬁ :m%ﬁhﬂéﬁr VhakBe 0Pt A EREIId GRABRE! S2 ARt yCORSEAHE L Yerkhent

magnet M.

[0038]
In this case, the heating means 6a is controlled to make the

temperature of the processing chamber 20 and consequently the temperature

of the sintered magnet S to be in the range of 800°C ~1100°C. If the

temperature in the processing chamber 20 (and consequently the heating

temperature of the sintered magnet S) is below 800°C, the speed of diffusion

of the Dy atoms adhered to the surface of the sintered magnet into the grain

boundary phases becomes low. There is therefore a possibility that the Dy

atoms cannot be spread homogeneously into the grain boundary phases of the

sintered magnet before a thin film is formed on the surface of the sintered

magnet S. On the other hand, at a temperature exceeding 1100°C, there is a

possibility that Dy atoms are excessively diffused into the grain boundaries.

If Dy is diffused into the grain boundaries, the magnetization within the

grain boundaries may largely be lowered and, as a result, the maximum

energy product and the remanent flux density are further lowered.

[0039]

Further, the heating means 6b is controlled to make the temperature of

the evaporating chamber 30 and consequently the temperature of the metal
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of the sintered magnet S to be in the range of 800C 1100C. If the
tenperature in the processing chanber 20 (and consequently the heating
tenperature of the sintered nagnet S) is bel ow 800C, the speed of diffusion
of the Dy atons adhered to the surface of the sintered magnet into the grain
boundary phases becones |l ow. There is therefore a possibility that the Dy
atons cannot be spread honbgeneously into the grain boundary phases of the
sintered magnet before a thin filmis formed on the surface of the sintered
magnet S. On the other hand, at a tenperature exceeding 1100C, there is a
possi bi | i yappeatimy mutersl te be ex she xange of 806 Cas 820076t ?therfeap@mrﬂssure

AR e e T
L™ SO iU, S A R
of the e‘fﬁ-_@%ﬁ@@ﬂﬂl?ﬂbﬁfe Aba0 t&ﬂ@sﬁq%“%hgo'g%f‘c]%%e%@%{eﬂ ¢4 thae metal

17 evaporating material to be in the range’o vapor pressure

of Dy wil lsubficabsfuthelsifitdi@dSnmanBe)S sb fast RedifiigeeDgtakid T idtbethEeialin
evaporating material is below 800C, there will not be attained a vapor
pressure doundach phesesebal hahogmenfus Dyersatgatitn.c a@nbéhs uphbi dchnidp athe
surface of the sintered magnet S so as to diffuse and Th into the grain
boundary peEPEsATEE G¥6AYEE Gehbe vappy pregvre i thenmetalagraposating

ebdf)
emeratur g, BXCHLIG, 42005, 506, YAREE PUSSSULS O LASuILal Staperdy
SUPP!L0 SAphBasHEATSEely bR LONER SRR RN R AR b IS
e oLl omNAPSLEL U LeCr oy o, 1R PN F o0 o1
the procesapogitiiageridD. In addition, the lid body 52 is mounted on the upper
surface of the pan 51 to thereby reduce the amount of Dy atoms to the
processing chamber 20,
[0040]
This enables the amount of supply of Dy atoms to the sintered magnet S
to be suppressed due to the reduction of the vapor pressure as well as the
evaporation amount of Dy, and also enables the diffusion velocity to be
accelerated due to heating of the sintered magnet S within a predetermined
range of temperature while making the average grain diameter of the
sintered magnet S to fall within a predetermined range. Accordingly, it is
possible to efficiently and homogeneously diffuse and penetrate the Dy atoms
adhered to the surface of the sintered magnet S into the grain boundary
phases of the sintered magnet S before they deposit on the surface of the
sintered magnet S and form the Dy layer (thin film) (see Fig. 3). As a result,
it is possible to prevent the surface of permanent magnet M from being
deteriorated and also to restrict the Dy to be excessively diffused into grain
boundaries near the surface of the sintered magnet. As a result of having
Dy-rich phase (the phase containing Dy in the range of 5~80%) in the grain

boundary phases and further as a result of Dy’s diffusion only in a region
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[ 00401 This enables the amobunt of supply of Dy atons to the sintered nmagnet
S to be suppressed due to the reduction of the vapor pressure as well as
the evaporation anmount of Dy, and al so enables the diffusion velocity to be
accelerated due to heating of the sintered nagnet S within a predeterm ned
range of tenperature while nmaking the average grain dianeter of the

sintered magnet S to fall within a predeterm ned range. Accordingly, it is
possible to efficiently and honobgeneously diffuse and penetrate the Dy atons
adhered to the surface of the sintered magnet S into the grain boundary
phases of the sintered nmagnet S before they deposit on the surface of the

si nt er ed Bedhbte sunigge péﬁﬁe Eraipy 1t i8/pessihlhite dffdchivelys bapmvg. o3yecoyer a

bei ng | dells FEreRR B roreRet B seP RIS orhg oy HhaB 08 CBRBsa PRBRGIRY | e
i nt [ ' S U h i nt d. t . 1 AS | t
of havi ng2 880t M ROERESPONRRHY B8ReR ol Y RRTRIRRonk 57, (500

in the grajgn4ijoundary phases and further as a result of Dy's diffusion only
in aregion 18 near the surface of the grains, it is possible to effectively

i nprove or reByvede wdie afegnhhiiightn pivlehire@stiandbeeetesorthddkliftead t hus
to obtain a permanent nagnet M superior in productivity w thout requiring

any fi ni shiaggetvs; ikherd adjseBywhene als, warltedr inta i depinechuhapéd by edwtitee
above-descri bed sintered __magnet S, there are cases where it is worked into
a desi r edc@kgetas) andysheelike tAf Haat Gore, e tonthe akeve-descrihed workingdue to

th bove,d 4-bed Ki th i1 et i Jm cacks, to th

o ai ns whERe P et s CiaEhE 48 b, RS PR B S e aE P AL RRE mmgne
ns_ vt PO SISO toh erties . HEREE magne
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due to thg {RCmAAMtIOYrdderticBNa0RS th@behdiOhARE, Yhebhehd BBLHS decriti@ Cracks
of the grains near the surface,
vacuum vapor processing is performed, due to the fact that Dy-rich phases
are formed on the inside of the cracks of the grains near the surface,
magnetizing properties and coercive force are recovered.
[0042]

In addition, since Co was added to the conventional neodymium magnet
because corrosion prevention measures must be taken. However, due to the
fact that Dy-rich phase that has extremely higher corrosion resistivity and
weather resistivity than Nd are present on the inside of the cracks in the
grains near the surface and in the grain boundary phases, there can be
obtained a permanent magnet that has extremely high corrosion resistivity
and weather resitivity without using Co. In case the Dy that has been
adhered to the surface of the sintered magnet is diffused, the metal atoms of
Dy and Tb that have been adhered to the surface of the sintered magnet S
can be diffused even more efficiently due to the fact that, in the grain
boundaries of the sintered magnet S, there is no intermetallic compound
containing Co.

[0043]
Finally, after having performed the above-described processing for a

predetermined period of time (e.g., 4~48 hours), the operation of the heating
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since Co was added to the conventional neodym um nagnet because
corrosion prevention neasures nust be taken. However, due to the fact that
Dy-rich phase that has extremely higher corrosion resistivity and weather
ty than Nd are present on the inside of the cracks in the grains
surface and in the grain boundary phases, there can be obtained a
magnet that has extrenely high corrosion resistivity and weather
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KPa i s thelmamher 80usedce neducedie, pigodd¥ECngSubserpent0 thedentingevepur at i ng

chanber 30 through gas introduci ng means (not illustrated) to stop the
evapor at i B 1%913@%8&9@5@ agaynpBd set hhe femeeraiure in she peeeassing champer
t enperatu
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order to
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rapidly cooling to substantially room tenperature, the vacuum chanber

12 is

vent ed, atvmpaciiuad, thberdcunst chithbbhdq 2 iseeabst, bad badi ebStlid fitstisnd theen out
of the vacuum chanber 12.

second box bodies 2, 3 1s taken out of the vacuum chamber 12.
[0044]

In this example, a description has been made of an example of using Dy
as the metal evaporating material V. It is possible to use Tb that is low in
vapor pressure, in a heating temperature range (900°C ~1000°C) of the
sintered magnet S that can accelerate the optimum diffusion velocity.
Alternatively, an alloy of Dy and Tb may be used. In case the metal
evaporating material V is Tb, the evaporating chamber 30 may be heated in
the range of 900°C ~1200°C. At a temperature below 900°C, the vapor
pressure that can supply the Th atoms to the surface of the sintered magnet S
cannot be reached.

[0045]

In the example a description has been made of an example of applying
the vacuum vapor processing apparatus 1 in which magnetic properties of
the Nd-Fe'B sintered magnet are improved. But without being limited to
the example, the vacuum vapor processing apparatus 1 can be used in
manufacturing, e.g., superhard material, hard material and ceramic material.

[0046]

In other words, superhard material, hard material and ceramic material
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(0044] In this exanple, a description has been nmade of an exanple of using
Dy as the netal evaporating material V. It is possible to use Tb that is
low in vapor pressure, in a heating tenperature range (900C ~-1000C) of the
sintered magnet S that can accel erate the optinmum diffusion velocity.
Alternatively, an alloy of Dy and Tb nay be used. In case the netal
evaporating material Vis Th, the evaporating chanber 30 may be heated in
the range of 900C -12009C. At a tenperature bel ow 900C, the vapor pressure
that can supply the Th atons to the surface of the sintered magnet S cannot
be reached. . (0045 In the exanpl e a description has been nmade of gn exanple
of appl yig‘bbgtlﬁ@n S UrR Y Ih HOW Béé%ﬁq gy ppathad, are mainlhmadeun wéa ¢

properties.of. t - | nt ered ;oagngt._are i nproyed., But w t hout, bei ng
limted t rl%t“%?@ﬁ'@h%l‘!‘e:‘?d R o@%&%fcab%?%gt‘vsgd%ﬁcamg A 03 pe' 19 ed
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mai nly made up of a principal phase and a boundary phase (binder phase)

t hat becophssato theredhy qlitaberaw mbel, ttheerast nsialtierthany. makledl inqaikchophase i s

I n general CEr_epared b grinding in a state in which the total quantity is
mi xed wi t Molgimgpmiephodand pnisally sintssedbylbase of manuwieeturinghby vsingreal s

T e AR Aol 5 e °
composi t1 BAnSHA phkeRd) G s Phieheliies BIESE o ao B Bsnaty h ki b e
the raw ngiltaiifedyak 3eduhd t8 prépRI AR HbAY (HBH RRE +ad thd185 R5IHEeA ihhe Iiquid
phase conposition Is

known molding method, and thereafter the liquid phase composition is

supplied by the vacuum vapor processing apparatus before sintering, during

sintering, or after sintering.

[0047]

According to this arrangement, by subsequently supplying the liguid
phase to the already molded principal phase, there can be created a peculiar
grain phase composition because the time of reaction with the principal phase
can be shortened, and demixing or segregation into the grain phase is
possible at high concentration, and the like. As a result, it becomes possible
to manufacture superhard material, hard material, and ceramic material that
have high mechanical strength, particularly, high toughness.

[0048]

For example, SiC powder and C powder (carbon black) of an average
particle size of 0.5 4 m are mixed at a molar ratio of 10 : 1 to thereby obtain
raw meal. Then, the raw meal is molded in a known method to thereby
obtain a molded body (principal phase) of a predetermined shape. Then, this
molded body is made to be an object S to be processed and the metal
evaporating material V, which is selected to be Si, are contained in the first
and the second box bodies 2, 3, respectively. Each of the box bodies 2, 3 is

placed in a position which is enclosed by the heating means 6a, 6b inside the
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supplied by the vacuum vapor processing apparatus before sintering, during
sintering, or after sintering. [0047] According to this arrangenent, by
subsequent|ly supplying the liquid phase to the already nol ded princi pal
phase, there can be created a peculiar grain phase conposition because the
time of reaction with the principal phase can be shortened, and dem xi ng or
segregation into the grain phase is possible at high concentration, and the
like. As a result, it becones possible to manufacture superhard material,
hard materialli and cgraﬁ%c material that have high nmechanical strength,
particul a’f§! Wﬁ%h?q?‘ﬂb ess. 100481 For exanple, SiC powder and C powder
(carbon bl 5¥of an average particle size of 0.5y mare mxed at a nol ar
ratio of 10 : to thereby obtain raw neal. Then, the raw neal is nolded in

a known met hod'Hed, the v8hYumUHadhFerd1 I St aesy b&&glbwaeg%ﬁgg% nf1 @

predet erm ned shape. Then, this nolded body I1s frade to object S to be
pr ocesseduatidl thb eaoetal chavbpol 2treachased préddteMnindll predsars &.gctledlgdo be Si,
are contained in the first and the second box bodies 2, 3, respectively.
Each of thBaboxE#duoéshe beating menasdin, iGh  pueaviatéd o Weiat the precessosed by
t he heati rTBan 6a,, Gb inside the 21 vacuum chapber 12. [0049] Then, the
vacuum ch‘glg%@ ey 20jandethecerapesatpe chambescitato agredetasmined tamperaguee vacuum

heat i ng nae 1800 CopPEOGEAr - PUG i ESRPFRetEs Bt thd elaporatisit BiamBhng ( he.
evapor at i 89 LoRGEREKe B d ?ﬁfﬂe@éﬁgﬁfe r%%ﬁ%%ﬂ ﬂ%}g{cﬁg é)(rgsgjrﬁé§§ Bﬁglelfsooc) :

When t he jterrperature In e evaporatl a r ) reac .
pr edet er névasbraGRRATRAME 2 tapliophRHEBALAR] thb prfodsithe GKARRERH 1

chanber 30 starts evaporation, and the processi ng chanber IS
supplied with Si atoms. When this state is maintained for a predetermined
period of time (e.g., 2 hours), the liquid phase which is Si is supplied at the
same time as the sintering of the principal phase which is the molded body,
whereby silicon carbide ceramic is manufactured.
[0050]

The silicon carbide ceramic manufactured in the above-described
method has a bending strength exceeding 1400 MPa and its fracture
toughness is 4 MPa - m®. In this case, it can be seen that this product had a
higher mechanical strength as compared with the one that was obtained by:
mixing SiC powder and C powder (carbon black) of an average particle size of
0.5 u m at a molar ratio of 10 : 2 to thereby obtain raw meal; molding the raw
meal in a known method; and then sintering it to thereby obtain the product
(bending strength: 340 MPa, fracture toughness: 2.8 MPa * m*®). It is to be
noted that a mechanical strength equivalent to the above can also be obtained
in case silicon carbide ceramic is obtained by: sintering a molded body under
predetermined conditions (1600°C, 2 hours); and then supplying the
composition of the liquid phase material which is Si by using the vacuum
vapor processing apparatus 1.

(Example 1)
[0051]
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supplied with Si atonms. When this state is maintained for a predeterm ned
period of time (e.g., 2 hours), the liquid phase which is Si is supplied at
the sanme tine as the sintering of the principal phase which is the nol ded
body, whereby silicon carbide ceramc is manufactured. [0050] The silicon
car bi de ceram c manufactured in the above-described nethod has a bending
strength exceeding 1400 MPa and its fracture toughness is 4 MPa nB. In
this case, it can be seen that this product had a higher nechani cal
strength as conpared with the one that was obtained by: mxing SiC powder
and C powder Asa DshFeiBiekiterdd mragnesr ageembet mcddhised éo of colGmA shapeat a
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predet erm ned condi'tions ours hen stpplyrng t

conposi t lﬁﬂlsﬁédtélﬁalslﬁuhdv@%éesﬁﬁé@ irgh scshof %0@' Moﬂ%@gahﬂetﬂé%cuum
vapor processing apparatus 1. (Exanple 1§ [ 0051 a Nd-Fe-B sintered

magnet , aacigdwhemedeeithnadhdmt m@ohma&h@ﬂmtmv&t@rx 10mT) having a
conposition of _30Nd- 1B-0. 1Cu- 2Co- bal . Fe, 2content of the sintered magnet S
itsel f of [E862pm and average grain diameter of 3 U mwas used. In this
exanpl e, the rface of the sintered magnet S was finished so_as to have
the surface r V@P“‘l‘@o"@‘?ﬁ BFOGessRZaRpanasns lawied- esesannd i the et chant

and then yeshed vv@ggtgg piRLeL. ] 009211 qThem.d NBoYaCHYTLYBROL B 95858 19
be adhered to the surface of the sintered magnet S and were diffused into the
grain boundary phases before thin film of Dy was formed on the surface of the
sintered magnet S, whereby a permanent magnet M was obtained (vacuum
vapor processing). In this case, the sintered magnet S was placed on the
bearing grid 21a inside the processing chamber 20 and Dy of 99.9% degree of
purity was used as the metal evaporating material, and a total amount of 10g
in bulk form was placed on the bottom surface of the processing chamber 20.

{0053]

Then, the vacuum chamber was once reduced to 1X 107 *Pa (the
pressure in the processing chamber was 5X 107 *Pa) by operating the
evacuating means, and the heating temperatui'e of the processing chamber 20
by the heating means 3 was set at 975°C. After the temperature in the
processing chamber 20 has reached 975°C, the vacuum vapor processing was
performed for 4 hours in that state.

(Comparative Example 1)
[0054]

A film-forming process was performed on the sintered magnet S that 1s
the same as the one used in the Example 1, by using a vapor deposition
apparatus (VFR-200M/manufactured by ULVAC Machinery Co., Ltd.) of a

conventional resistor heater type using a Mo board. In this Comparative
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vacuum vapor ‘processi ng net hod descri bed above, Dy atons were caused to be
adhered to the surface of the sintered magnet S and were diffused into the
grai n boundary phases before thin filmof Dy was forned on the surface of
the sintered magnet S, whereby a pernmanent magnet M was obtai ned (vacuum
vapor processing). In this case, the sintered magnet S was pl aced on the

. bearing grid 2l1a inside the processing chanber 20 and Dy of 99. 9% degree of

© purity was used as the netal evaporating material, and a total amount of 10g
- in bulk formwas placed on the bottom surface of the processing chanber 20.

, [0053] Then, the_vacuum chanber was once reduced to 1 X 10-4 Pa (the

" pressure i nExmapk dcasselegirih srentefs1 30 A wvasrpmiedotsethe Me boped and
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. filmform ngopsegess was performed on the sintered magnet S that is the

- sane as the one used in the Exanple 1, by using a vapor deposition
~apparatus (VFR-BROM igmauphefogi-esh bhoWiNAG Maehicsaloyid@ton oftithe) p@imanent

- conventional resistor heater type using a Mo board. In this Conparative 23
- Exanpl e 1, angebiechtaived by pemforofingShe proasssing desaibadoabdve Mbd Bogar4 (@nd

+ performed the filmform ng process for 30 m nutes af{er Dy of 4g had been

set on t hdsipophagerrat theefront side ofivantssed magnssehhefereusosessiag)y Iids
o (oBeeh Bl Bk abefinus BN, SIS 8 S seecond on, gL the
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grain boundary phase or de-grain traces can be seen, the black portions
disappear when the surface of the sintered magnet is covered by the Dy layer
(thin film) as in the Comparative Example 1 (see Fig. 4 (b)). In this case, the
measured value of thickness of the Dy layer (thin film) was 20z m. On the
other hand, it is found in the Example 1 that black portions such as voids of
Nd-rich phase or de-grain traces can be seen and thus are substantially the
same as those of the surface of sintered magnet S of “before processing”. In
addition it is found that Dy has been efficiently diffused into the grain
boundary phases before formation of the Dy layer due to the change in weight
(see Fig. 4 ().

[0056]

Fig. 5 is a table showing the magnetic properties of the permanent
magnet M obtained in accordance with the conditions described above.
Magnetic properties of the sintered magnet S “before processing” are shown
in the table as a comparative example. According to this table it is found that
the permanent magnet M of the Example 1 has the maximum energy product
of 49.9 MGOe, the remanent flux density of 14.3 kG, and the coercive force of
23.1 kOe, and thus the coercive force (23.1 kQe) is remarkably improved as
compared with that (11.3 kOe) of the sintered magnet S before the vacuum

vapor processing.
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found fromthis photograph that in the sintered magnet S of "before
processi ng" al though bl ack portions such as voids of Nd-rich phase which is
grai n boundary phase or de-grain traces can be seen, the black portions

di sappear when the surface of the sintered magnet is covered by the Dy |ayer
(thin film as in the Conparative Exanple 1 (see Fig. 4 (b)). In this case,
the neasured value of thickness of the Dy layer (thin film was 20 M On
the other hand, it is found in the Exanple 1 that black portions such as
voids of Nd-rich phase or de-grain traces can be seen and thus are

subst anti alhy same as.fhose of tyhe surface of sintered magnet S of
"bef or e prL%éfi?’%&“f.mﬁﬁnoi&%‘?ﬁfaw{l%ﬂ s found that Dy has been efficiently
di f fused ip@ vﬂhe grain boundary phases before formation of the Dy |ayer
due to the change in weight (see Fig. 4 (c)). (0056] Fig. 5is a table

showi ng the naggetli i Br RIAAES vBbw! Re eRBIATRNER coMRPN&iE0M T04 AlR@dm N
accordance with the conditions descri bed above. Magnetic properties of the
si ntered pegeeting dpyefrates ¢f thiefsiangionar e shown in the table as a
conparative exanple. According to this table it is found that the pernmanent
magnet M of t Wag-Ek i enlarged penspastive view ef@rmanipr oduct  of 49.9 M3Oe, the
remanent fl uxgden Lt o{l 14.3 K and the cogrci ve force o 23.1 kOe, and
thus the coer ¢i§e’ 1OR CENEBGLY natQry ¥MY 104 BI GFOPTBRGIRYCLR PeERABEREd Wit h

a1 B o BB e B bl um 5P
SEReTL1 £ et P DIPTSR S
is a scheghiraexRbdiabefordunedvwath thieifsenti@etdian of a permanent
Fig. 5 is a table showing the magnetic properties of a permanent
magnet manufactured in accordénce with this invention.
[Description of Reference Numerals]
[0058]
1 vacuum vapor processing apparatus
12 vacuum chamber

2 box body (processing vessel)

20 processing chamber

21 box part

22 lid part

3 box body (evaporating vessel)
4 communicating passage

5] heating means

61 pan evaporating vessel
62  adjusting board (lid body)
S object to be processed

metal evaporating material
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nuf actured in accordance with this invention; Fig. 4 is an enl arged
hot ogr aph of a pernmanent magnet nanufactured in accordance with
ntion; and Fig. 5 is a table showi ng the magnetic properties of a

magnet manufactured in accordance with this invention.
i on of Reference Nunerals] [0058] 1 vacuum vapor processing

12 vacuum chanber 2 box body (processing vessel) 20 processing

1 box part 22 |lid part 3 box body (evaporating vessel) 4
R&%ﬁ? sage heaél ng nmeans 61 pan evaporating vessel 62

‘S object to be processed V netal evaporating

25 WHAT | S CLAI MED |'S: 1. A vacuum vapor processing apparatus
g: a vacuum chanber capable of keeping inside thereof at a

bot h

comuni cat i on Mﬁéhuxﬁ@ﬁamuémapabm 1B peRs iNgdseRARoE APy R deferhRAkd N the

pr ocessin

g vessel and t
pressure;

a processing vessel and an evaporating vessel, both being disposed in
the vacuum chamber at a distance from, and in communication with, each
other; and

a heating means capable of heating the processing vessel and the
evaporating vessel in a state in which an object to be processed is disposed in
the processing vessel and in which metal evaporating material is disposed in
the evaporating vessel,

wherein the processing vessel and the evaporating vessel arve
respectively heated by the heating means to thereby evaporate the metal
evaporating material while raising the object to be processed to a
predetermined temperature so that evaporated metal atoms are supplied to a

surface of the object to be processed in the processing vessel.

2. The vacuum vapor processing apparatus according to claim 1,
wherein the evaporating vessel is provided with a pan which is capable of

disposing therein the metal evaporating material.

3. The vacuum vapor processing apparatus according to claim 1 or 2,
wherein an adjusting plate that adjusts an amount of supply of the
evaporated metal atoms to the processing vessel is mounted on an open upper
surface of the pan or in a communicating passage between the processing

vessel and the evaporating vessel.

4. The vacuum vapor processing apparatus according to any one of
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evaporating vessel in a state in which an object to be processed is disposed
in the processing vessel and in which netal evaporating material is

di sposed in the evaporating vessel, wherein the processing vessel and the
evaporating vessel are respectively heated by the heating neans to thereby
evaporate the netal evaporating material while raising the object to be
processed to a predeterm ned tenperature so that evaporated netal atons are
supplied to a surface of the object to be processed in the processing
vessel . 2.. The va rogessi ng apparatus accordin to clalm 1,

wher ei n tﬂ@l@%aboﬁgpﬂﬁ 3 Ereil% Hicownrgeessing hVeé’zS%lahS vihi 18¥6ti Box ol e of

di h
or ocessi A by %r?aﬂﬁ 4 BBHLPAr RS oo spen, A of ildéﬁé’&d%@pwg ol ate
that ad] U&ét%cﬁéﬂ?%%htéﬁ ofi el u BE& sﬁi’fﬁ@@%@%ﬁ‘? b@tﬁrta%@elhothtehe

processing vessel is nDunte on an o er sur an or in a
comuni cafitdhapardeard Bt Wakent ihto PEPELRE BUL of elRela@gint é}?a:ﬁuédo%ﬂt ing
vessel . 4. The vacuum vapor processing apparatus according to any one of 26
cl ai ms 1 whenughths, inneerspane tofi¢hpridet dsixngantes selducsd dofa pséddtenmbmedy
conprising a box part whose upper surface is open, and a lid part which is
det achabl Bresouin aecosrpamned b aresmerreduction én she vaeuwmschsanker. wher ei n t he
first box part can be taken into, or taken out of, the vacuum chanber, and
wherein the inner space of the first box part is reduced to a predet erm' ned
pressure accogpa e duction in th mchanber 5.» The
vacuum vapor %Ir)ogglg%l é gfﬁlpgaﬁ? grgces }n(ﬁ ﬁap?@tggfcgﬁlé 18 R r?ﬁle Oft hr ough

4, furthed,fRemr tﬁfdﬁ%hggg thB G Ceb ueg ﬁgpgﬂhewmch @l&ggmg gfhereon

the object to be proce at a pr ete m ne roma ttomof the
processi ngouafiag!thesdtth viheslgbet dolie pRrebad 4 4 frédetsPeend height &gh A a
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bottom of the processing vessel, and wherein the bearing grid is made by

arranging a plurality of wire rods.

6. The vacuum vapor processing apparatus according to any one of
claims 1 through 5, wherein the evaporating vessel is a second box body
comprising a box part whose upper surface is open, and a lid part which is
detachably mounted on the open upper surface of the box part, wherein the
second box part can be taken into, or taken out of, the vacuum chamber, and
wherein the inner space of the second box part is reduced to a predetermined

pressure accompanied by pressure reduction in the vacuum chamber.

7. The vacuum vapor processing apparatus according to any one of
claims 1 through 6, wherein the proceésing vessel, the evaporating vessel,
and the heating means: are made of a material that is free from reaction with
the metal evaporating material; or have, on at least the surface thereof, a

lining film made of a material that is free from reaction with the metal

evaporating material.

8  The vacuum vapor processing apparatus according to any one of
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6. The vacuum vapor processing apparatus according to any one of «clains 1
through 5, wherein the evaporating vessel is a second box body conprising a
box part whose upper surface is open, and a |lid part which is detachably
nount ed on the open upper surface of the box part, wherein the second box
part can be taken into, or taken out of, the vacuum chanber, and wherein
the i nner space of the second box part is reduced to a predeterm ned
pressure acconpani ed by pressure reduction in the vacuum chanber. 7. The
vacuum vapor processing apparatus according to any one of clainms 1 through
6, wher eitlaimhe 1pirlra©gglaq7ngﬁ exsse|the tdhgead\taphor procegsedetssen ironthdrameaseat i ng

nmeans: are e of mat eri al %gﬁ; is free fromreaction wt t he. net a
evapor at i $7Jt m%ﬂnel"ia@@d rgn Fb%é‘?etﬁ[wév%ﬁﬂrﬁﬁé’é makedak condains i ng
filmmde qtnate %ﬁﬁ% is free fromreaction with the neta

evaporat| aeﬁﬁ %9?8 vacuum vapor processing apparatus according to

any one of 27 clalns I through 7, wherein the object to be processed is an
iron-boron-rare earth sintered magnet, and wherein the netal evaporating
material contains at |east one of Dy and Th. 28
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