SPECI FI CATI ON VACUUM VAPCOR PROCESSI NG APPARATUS [Fiel d of the

I nvention] [0001] -The present invention relates to a vacuum
vapor processing apparatus suitable for performng a processing
(vacuum vapor processing): in which an object to be processed is
heat ed i nsi de 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 predeterm ned tenperature to
thereby forma netallic filmand, further; in which, in case the
object to be processed has a crySPBCIERGATIONe, the netal atons are
caused to be diffused into the grain boundaries at the sane tine as
t he adhesion thereof to the surface of the object to be processed.

[ Background Art] [000Z}cuum Y‘{ﬂ%@%ﬁ\.@??}?%%‘gﬁmm@r ocessi ng

apparatus is used to I nprove I'es e.g., a

Nd. -Fe-B (or a Nd-Fe-B system sintered magnet, and there is known
one which is constituted by _a hernetically seal ed vessel nade up of
gl ass tube,{Figld ofpheInsentionlf urnace. In this vacuum vapor processing
apparatus,lgaﬂgfject to be processed which is the Nd-Fe-B sintered
magnet and al evaporating material which is rare earth netal
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a vacuum punp or the like and seal ed. Thereafter, the above materials
are cont aighettitn deduoednsed e beaied isideax pranssing ehhwher dindealgo matal
500Q) whi le%ai)gxi‘ascinhge rmne&teiri%flilsyex;sa%%lraetgd 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
mto 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



vessel is rotated. [0003] Once the hernetically seal ed vessel is
heated, the netal evaporates to thereby forma netal vapor atnosphere
i nside the hernetically seal ed vessel. The netal atons in the netal
vapor atnosphere get adhered to the sintered nmagnet that has been
heated to substantially the same 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
honmogeneously introduced in a desired amount into the surface of the
si nter ed nuegsel isanthtede grai n boundary phases, whereby magneti zation
and coerciVﬁgﬁﬁice are inproved or recovered (patent docunent 1 and
pat ent docu 2). Patent docunent 1. JP-A-2002-105503 (see,

e.g.,
Fig 1 d Fi t: 2. JP:A-2004-.296973 , e.g.,
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processing is perfornmed in which, in order to inprove the magnetic
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surface of the sintered,magnet as the _object_ to be processed and al so
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the nmetal evaporating material and the object to be processed are

di sposed imtrpdsiced én of désitedgampnetlintd tthe sacfacotoi¢he sitterademaknet and
evaporating material is also heated to substantjally_the sane
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nmetal atons
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] In addition, in order to introduce the netal
atons in a desired anount into substantially the entire surface of
the sintered magnet, there is required a drivi,ng mechani sm for
rotating the hernetically sealed vessel. As a result, the apparatus
construction beconmes conplicated and the cost becones high. Stil
furthernore, since the netal evaporating nmaterial and the object to
be processed are disposed in a state of being m xed together, there

i s a di saduatheagethh vhpat athespriral tcﬁ‘tEé’QJ’bgédt% E@t]gfob@ése& hahnbage
been nelted directly gets adhered to the object to be processed.

[ 0006] contrplledf ore, in view of the above points, the object of
this invenipr@ms to provi de a vacuum vapor processing apparatus in
whi ch t he of evaporated netal atons to an object to be
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into substantially the entire surface of the sintered magnet, there is required
a driving mechanism for rotating the hermetically sealed vessel. As a result,
the apparatus construction becomes complicated and the cost becomes high.
Still furthermore, since the metal evaporating material and the object to be
processed are disposed in a state of being mixed together, there is a
disadvantage in that the metal 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 vapor 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



In order to solve the above probl ens, the vacuum vapor processing
apparatus according to the invention conprises: a vacuum chanber
capabl e of keeping inside thereof at a predeterm ned pressure; a
processi ng vessel and an evaporating vessel, both being disposed in

t he vacuum chanber at a distance from and-in conmunication wth,
each other; and a heating nmeans capabl e 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. netal
evaporating material is disposed in the evaporating vessel. The
processi ngevempatedanstal aeoray apo ERp IO tasS@dfadel of the SBREet togd prddeaked
by the heating neans_to thereby evaporate the netal evaporating
material wHi fhe prercessg véreelobj ect to be processed to a predeternined
terrperature(?ﬁlfg hat evaporated netal atons are supplied to a surface
of the objeL be processed in the processing vessel. [0008]
According to t .Bﬁgﬂhi . - Qb ; LS T I
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heating nmeans is operated at a reduced pressure in the vacuum chanber
t o t her ebythfegvandratipgovesseli mgsnestively. alilie theatimgaporas iiagpesaied gt a

respecti vel en the netal evaporatjng, materjal .reaches a .
pr eget erm ﬁ%ﬁm\?’%rﬁf'ﬁ%{rﬁr’@ g}t‘e ¥ aﬁg'r“[“af’ﬁf‘lgb%%rt evabyeheal; the processing
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by pot (o poiel £8d Ble SJalok ity PRRCE reGbetilly MWhoAE mEtaMEapdifting
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processed is sintered magnet and the netal evaporating material is

rare eart hmebalevaperasing inatemalydastistsivipenationat In tibismeke,cingeathe dhgect h
netal dire ti?‘%: adherss to.the sintered nagnet ose -ri¢ch phase on
the surfact® Phifasessef andethedgetyl ypparating maiezinl ape go 19 GRgrate
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vessel and nove toward t ject to esse r'rec
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directions, thereby adhering to, and depositing on, the object to be
processed. thenmelted nane eapihetretalodivecth a edothe sintersd iedgnehavhose
structure, . f.,he al atgns aggfr d ta.the surface of the object to be
processed NeaichBhagsanthesasethera isypelieder ni ned tenmperature are
di ffused inE Ob@e grain boundaries. At that tine, since the vessels
are separated Into the processing vessel in which the object to be

processed is dThEpESeke andtdihatanepargbtated vasShle evapdrhtingt PesssBlab
evaporating material is disposed, it beconmes possible to
i ndependens¥npliedao thagrotgsentg vasseleaxpt vows sentarththe tlectetodie processed
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arbitrary §EBRSIARL tﬁ&eﬁj‘? aﬂﬂ@ﬂﬂg t&,héﬁld 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 evaparating material is disposed, it becomes possible to independently
heat the object to be processed and the metal evaporating material.
Itrespective of the heating temperature of the object to be processed, the

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



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 capable of disposing therein the netal
evaporating material, the amount of supply of the evaporated netal
atons to the object to be processed can further be adjusted to
advant age. 100111 Further, if an adjusting plate that adjusts an
anount of supply of the evaporated netal atoms to the processihng
vessel is nounted on an open upper surface of the pan or in a

conmmuni cat Yapprrresuyge ibetthacwmpotesing vesssh iwlgereby $be aavoit hod supplying
evaporating vessel, the unt of supply of the evaporated, netal
evapor at i n@lerF‘é’PBPﬁ'aéP metakitons todhe o Jﬁ‘%ﬁ%}ée PIOsCEH l?g—l‘li%ﬁ(j S&?i is
not nount eo{,o mthe opening area on the upper surface of the pan and;
in case the adjusting plate is nounted, such that the amount of netal
atons to reachiftihe ¢roesihd st ThYrotideqUeitht ipana@hitH ieagibdd ef
decreases, whereby the amount of supply of the metal evaporating
material tdispéring berein the metgl cvepsrstidgcantebial dile rstatt of supplysf thse,

t he area of openi on,the u r surface of the pan nmay_ be_increased
or decr eas%v&pPBar}Fﬁg?%}/ aP‘W&? g‘gg@ ?s;?le'?fett?r CRYFE &%ﬁ%ﬂ]ﬁ be adjusted
evaporat i %eﬁ{vaﬁ metal evaporating naterial at a certain
tenperature. In addition, the sectional area of the comrunicating
passage bet[@®en)}t he processing vessel and the evaporating vessel may
be varied to thereby increase or decrease the anmobunt of netal atons
to reach the pfeodhesiihgn\esiesting hladeghat hipistoamamaoatti ofgsypmds af éhe
100121 Pr ef er abl t he processing vessel is a first box body
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vacuum chandess], aeh@hé keapsaeingSnres], ¢he taheoddir &t siiply ofahé evEphedsred
to a predeterm ned pressure acconpani ed by pressure reduction in the

vacuum chanbed evaperstidigngaterialhis Sledemmaingdnincaset ther adjisting plege ds obt a
separate evacuatin ans .for use in pressure reduction of_ the
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by arranging so that the processing vessel containing therein the

obj ect to @eoywrioebsupdlycah the makadnevapovating matezinlotex the objdet teabeium

chanber, there is no nee&. o{q rcivi %:in i n the vacyum chanber, a
mechani smPPRFRFSER 6P Roafiai RHS Pase, P BaRA 4 OBRELNGI OB tHie TBBST
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of the apparatus itseft. I'n"this case, It an arrangenent i s nmade such

that a pl ulealddsy the dapaubodf efappirgtie® bt ahd etbthhsvagoratiagviaatewial at a
chanber to enabl e sinultaneous (%r_ocessi ng, it can cope with mass
product i orgertain 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



[ 0013] In this case, if an arrangenent is nade that a bearing
grid is provided which is capable of nmounting thereon the object to
be processed at a predeterm ned height froma bottom of the
processi ng vessel, and that the bearing grid is made by arranging a
plurality of wire rods, e.g., the netal atons evaporated in the
evaporating vessel are supplied to substantially the entire surface
of the object to be processed either directly or froma plurality of
directions by repeating collisions. Therefore, there is no need of a

rotating meebasi sedwred the: Iprédetbhined drédd@iré hiecoRipatiedt By fressure
processed. The construction of the apparatus can thus be

advant aged@dystion wpkhd vacnurh ehanber.  Acwondingetodihie rrisagemept, dherats v,
whose. anpdt ubi S8 Boheste AvaGRENE Means e ock RS IR e 4ErRsl gt ihe
mount ed oqma&b%s&%%sgap%saahg%ea st ﬁu?ﬁ&h.paﬂaﬁﬁh&h%ﬂ%@g@g hlﬁ%g[ e

part can be taken into, or takKen out of, e vacuum ¢ha and

i nner spaceopfedt tie senenatibmof thet mbtal redperin® ntatprisl] ehe rgfob@ding
pressure acconpani ed by pressure reduction in the vacuum chanber.
[0015]  ves®} caprbenfintberstaduceddn nrassuse dusidsithgrepd sgthoutttabing out
evaporat i Eg vessel ., and %ﬂewlfeat(i(ﬁ@ mesns: are nade fthg.%lmateri al
that is frEg FRGHeIREYEssh Wit RAdiEoRe by 83080880 ﬁﬁa BriIgFeSSEIE
have, on %sée@%h}:&iﬁﬁlg?%é@ﬁ? thO iRk 1o e h?dc:@gsef LR BRIGKBH @0, or
material that is free Tfromreaction wth the netal evaporating

materi al , thken aiibedf, nhé atacatamehadbedditané dgem Seyd bd Proeideng €66 fHeom
entering into the netal vapor atnosphere. Further, the recovery of

the netal veoupsrdwhpritamechanish codabediieyfor Talking it or tthkimganityf,
e R T A e
evapor at i s HMp8dids-itself. In this ease, 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



10016] In case the object to be processed is an iron-boron-rare
earth sintered magnet, and the nmetal evaporating material contains at
| east one of Dy and Tb, the anmount of supply of the evaporated Dy and
Tb to the sintered nagnet is adjusted so that the netal atons can be
adhered to the surface of the sintered magnet. The adhered netal
atons can advant ageously be diffused into the grain bounden phases of
the sintered magnet before a thin filmof Dy, Tb is formed on the
surface of the sintered nagnet [Effect of the Invention]

descri bed [

mvent  on haari BAEaf HARGRY U KRR tRIQRANS i BPRTE B, dﬁ?hat
t he amountaceimpanipd by predsiee @ycanﬁoatxﬁdh@%aimﬁtcﬁaﬁﬁaﬁeg the object to
be prOCGSSfd can be adjusted. [Best Mde for Carrying out the

I nventi on] 8] Wth reference to Figs. 1 and. 2, reference nuneral
1 denotes a Vﬁcuarrangmg such that the processing vessel, the evaporating vessel,
and the heating means: are made of 2 material that is free from reaction with
the metal evaporating material; or have, on at least the surface thereof, a
Iining film made of a material that is free from reaction with the metal
evaporating material, the other metal atoms can advantageously be
prevented from entering into the metal vapor atmosphere. Further, the
recovery of the metal 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.
[o016)

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



vapor processing apparatus 1 of this invention. The vacuum vapor
processi ng apparatus 1 has a vacuum chanber 12 that can be reduced to
a predeterm ned pressure (e.g., Ix 10 'Pa) and held in that state

t hrough vacuum exhaust nmeans 11 such as a turbo-nol ecul ar punp,
cryo-punp, diffuser punp, and the like. In the vacuum chanber 12 a
processi ng vessel 2 and an evaporating vessel 3 are disposed in a
vertical direction wth each other. The processing vessel 2 and the
evaporating vessel 3 are conmuni cated to each ot her through a

conmuni cat_j n a e 4. An _obje t ed and neta
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processi ng vesse d the evaporating vessel he net atons
evapor at e@redeteheiredaporsatia fe.g o sk I1035Baa)n ahd lsaldpin elehtt statdehalvghct
to be processed inside the proce55|ng vessel 2 through the

communi cafeREUNasshyistsmeany 11 such asTpetyybeeeelesHar vayap| cryoinimap,
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surface of the first box part 21. The proceSS|ng vessel 2 can

t aken i nt @thand qlite cﬁrpcéésmgvamsaeh cﬂ”lamﬂ]hrthelkva@t)rzﬁ;mg)utaselpé?umeery
of the lid part 22, a flange 22a which is bent downward is forned
over the éﬂﬂnﬂ‘éméﬁﬁeéﬁﬁfeéﬁbﬁ&]éer thwansh ﬁ@omn@u@sﬂmmamm ntAgHokipctt he
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netal sealgp b§op1ﬁte§; mé&sd)deb@naﬂ%rﬁbm@aééfg@d @\hweeaﬁg%reqesﬁb%ﬁbsfy 20

which is isolated om t he vacuum chanber en the vacuum chanber
12 i s redudgmsedim tis prl:&:‘emmg weskep Rearlithe dvepgrating xeshek 3de‘ha/mtal
evacuati ng neans 11, cessing chamber 20_.is reduced t

pressure ffems ﬁgamr@ ﬁm%w@@vwehamnaﬁe@ﬁwe@ &o @he owct to
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material Yas&petd1at the evaporated netal atons can be suppl ied to the
obj ect to be processed S directly or in a plurality of directions
after reped®@Hy col lisions. The vial| thicknesses of the box part 21
and the lid part 22 are set so that thg% ar e _not 3eformed by heat

when t hey are%aﬁ’@ﬂeqﬂn%vﬁ%gﬁ% iZnts At bee doAY peade o, a[bGGZHEFt 21

de th
e T O
0. 1nmme- 10m# fddt 24 whilh qs%gamen@ﬁbaﬁggé&ad‘ﬂeamd %dﬂ&&ﬂaemcs lﬁcfn@Cﬂle

plurality of objects S to be processed can be placed on this barlng
grid 2la. uhpeosdiface bbthdtﬁmté:oxqmgéﬂént',[‘he peocessiak veberts enapo taltead
i nside the evap rat| g vessel gom ti gned bel ow t he prqcessi

vessel 2 AW, pgmuted, the RGHR KBaBSRmIR c 90 %) oa‘a%rsa‘afép Iy of the lid
substanti gl | h u e.0 r d her
SisLont! Gy 0 BURAE SRR beh R, RAMGh, AL BB AT AR
Ther ef or e circififerel8e.NOWRSAGhe i d PiBIA2Ng rhmltb%nhméyuﬁ)ea-tsaeﬂa&e of thehe
object S to be processed inside the box body 2.
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., 5 X 10™“Pa).

[0020]



[ 0022] On the other hand, the evaporating vessel 3 is a second
box body fornmed into a rectangul ar parall el epi ped. The second box
body 3 can be taken into, or taken out of, the vacuum chanber 2 and
defines an evaporating chanber 30 that is isolated fromthe vacuum
chanber 12. On an upper surface of the second box body 3, there is
provided a circul ar opening 31. The cylindrical comunicating passage
4 which is in comunication with the evaporating chanber 30 is
integrally provided so as to extend upward whil e encl osing the

opening 81. A gircul ar Op(%;igﬁ%% 2a is provided on the bottomsurface
of the first boR®hIBPHE edEACESPingh chamber  ZRd 18 eskindtakdng bsdp es

2, 3is dig b eh&d BLie [t I si he_vgcuu
chanber 12, %E@SBB%% @llr?rg\aace g?fl{bf ﬁfeﬁgf)%%g 3%%%%&6%%%%\19 % t?&tré]s"e
into surfaeeameatedCinetsli htorhélRahOWEuphéREs e bEjEcdBX HROFbcS:s8R0S
al so, the gpening 2a coincides with the openi ng upper end of the

comuni cat AHgCtiaos dgea pluralisy affydirdctighns gftererepeatiag sollipimtsanfibe 24all
and the ev atin anber 30 _i nt 0 nication with each other. In
ot her wor d@%ﬁ%g?ét%gmggﬁéﬁgc@et Pat A Reh 58 $hathkhey are not
rocessin W | G e ough

(F:)ommni Ica'? ‘iiﬁfgﬁgggi)gg%% angttp ﬁ)étgy ‘?gég?%%:Bgtae}t(;e.aar{?nr%%ggﬁéeH‘%ﬁ&%ﬁﬁ%&)gﬁgnber
12. Accordi @219 this arrangenent, the evaporating chanber 30 is

evacuat ed t hough the processing chanber 20 when the vacuum chanber 12
is reduced in gnsec&stuhcepwmsms chaatheat 20 gheveaissfotrbed Ehbepring @ssi Bia

hanmb 20_and.th ti hanber 30 th d dt
pressur e tTIAEC PY HERGHEIE T aHii54 0Pt PYoRaN A TRG el OromBy ™ idmen o
pressure t _ _ By

W th a pan AT AR EACIERER nERRe BERE U Nn SAREE. AU R B iR

net al evapBriathengrogedsedican be phacgd aRUAS bheing &4d BIbK AesRiEaNtPhis
hel d therein. On an open upper surface of the pan 51 there is

det achabl yapppagedent, |the inethl S2msheviporatedrimeidiethoeeapdrhting riteissed 3
surface thereof wth.a plurality aof holes_52a of the sape dianeter.
This |id bEHReEeds helow the ﬁﬁ?%&%lé‘gofve%ﬁ‘?l adj MPi fyPpled othinneh the

adj usts t n%gg . rate t 0

processi ng% c an}f)!'[eln'trz1 t‘%g %ﬁére g%% ﬁq’jt()hstle%g%a?ﬁ\ﬁr%%c%ttei %ﬂ%a@gg%tg dfth%%g e?’ gitcﬁg
to this arbapgeeesdd eithen difeetlyisk ROy aSPlurslityobl Rirdetchd By RRpLAHiRR,
t he amount of evaporation of the netal evaporating nmaterial is

det er m nedcollégienadi deseforsdhareis nsf neggeefi notptorg theebaphedy 2 inélior thé
t he pan 51, . t.he Iid bqgdy .32 js placed in position, the amount of
net al aton%bl%/%g@mlioﬁ%ssﬁgéﬁﬂaﬁ%b@h]g@& 20 through the lid body
52 is reduqeggophereby the ampunt of supply of the netal evaporating
material V to the object S to be processed can be adjusted. In this

case, an arranggmkabthieahaalds chdevaprelgise 08sseh8ls a R¥cdniB RN Fotthed
decreasing the area of the opening in the upper surface of the pan

51, the ambuntresngulararaellelevined. bdhesecmakhek bodyidcardeddker into,
'he. hol es BHTRP|Sicbetiecr A FRABas 4 BaAeTIS 41 6V ougHiag hERbor
amount  of dphak iéFé&I@: a@ralﬁ%ﬁ@vagﬁggrcgg&%af RS, COAMPLppSh SRERUH? thde

lid body 52 nay al so ge I NCrease ecreased.
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



[ 0024] When the netal evaporating material Vis Dy and Th, if
the first and second box bodies 2, 3 of Al 203 make that are
ordinarily used in a vacuum apparatus in general are enployed, there
is a possibility that the evaporated Dy and Tb react with Al 203 to

t hereby form products of reaction on the surface of the box bodies,
and atonms of Al enter into the nmetal vapor atnosphere. Accordingly,
each of the first and second box bodies 2, 3, the comuni cating
passage 4 and the pan 51 (inclusive of the I'id body 52) are nade,

.g., of ] her eof o (i gclusi for h
o Sents ot fhs orgiadiad rE AN 2 BHACAHS HE froplift S8l
or oxi des wafh ke op@ﬁhF e RhE, 0P the Ofsthmhihi@RingY phab$ge0as ithedhlyOn

in which these materials are formed into a filmas an inner lining on
t he surfabsinging hke @irbessingechehbémBd|aaid the eedporating chaotredi 30y idto

this arrangenent.,, the qQther netal atons  can be prevented from
entering P%WS“‘FH@J‘FR-E Fth, gaech ofherps éﬁ*beraﬁ’d'}'g%rﬁhﬁmlil% idgAned & pRAcSeS

easy to r i . e i hal...vV. adhered.to the
casy X0 " SEA e Al S ARELAS DB 0) S BENEE b (fper
consti t ut 8ot tieroRERT iHa c@thirhidd@id Padsagen? fihd ShabPay REWYed fiotn Ahs0
made of a material that does not réact wth the netal evaporating
mat er i al . VROO®R8] chamberTH. v adaemdingansb ethid 2axrangement] ethenievApdrating
heati ng means, 6a,_6bh that can independently heat each of the first
and seconaﬁ%’&’%om &% ef?c‘@teaa'@’%ght%@ HEXESFIBE nehanabas4 20 G‘Bh%stiﬁhe
sanme node o TR oyd Q .to_enclose the circunferenc
each of ftﬁ%&ﬁg{}l_s%ﬁag%@érsg%ﬁgegg%%z%%é%%f © é’l%_rif ei%aﬁ}l%lt\}rll %en%f avl\}%t ﬁ{'a
thermal i ThelbeRgingahamirl 20f adPtiRk@psndidtadi-ReEbét 30 &l 1R rBBuced
a

surface on the inner side thereof, and an electric heater having
filament o6 a\pressikee. thihas fhighstr thag gecafidhborachoni dsar@ber312bg hadfited
at a reduced, pressure by each of the heating neans 6a, 6b and

i ndi rectl@lﬂ%at t he processing chanber 20 and t he evaporating chamnber
30 through[é ]box bodi es 2, 3, whereby the inside of the processing
chanber 20 and 't he evaporating chanber 30 can be heated substantially

uni formy. [00%fher, the chaBBratig HEMBAIBI BYrBVACEWHtNY gD ahicklis
wi th one of the heating neans 6a, the object S to be processed is
heat ed t oofirecessket shapenid ctopamectaonyrse thad rmetahelvdpatatingemtatanpdr Btinr e.

Th ti hamb (O heat ed th t f the heati

The eveporeLl g, Serber 20,2 Jegl o bl e oUfer o e heslung o
t | . i by f i I t

ouanor o o Ty 2B AR URTRd RITB S SO SaRPhgSI® 1

cause t hegntige Rarfeheheof ithey Em&aﬁﬁf oF %ol B4 10€ thé | Amddidhéer, I N
case the object to be processed has a crystalline structure, at the

same ti meThss lidebodphh smwes che hersasefdcn afjustieggilpecwhich &djusts the

D ocessed, LN TR\ Bhofy e bR LR b5 o 8 AL IS

phases. PPLy p p g
20 through the cpmmunicating passage 4. According to this arrangement,
when the lid body 52 is not placed in position, 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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[ 0027] When the netal evaporating material V is evaporated,
because, e.g., the first box body 2 is of a construction
(substantially hernetically seal ed construction) to have nounted the
lid 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 cl earance between the box part 21 and the lid part 22.
However, since the insulating nmaterial constituting the heating neans
3.s0 disposed as to enclose the circunference of the box body 2 is

al so made é}ﬁoﬁlmfeﬁb orhfigh A0ES POty %ngéd Wt RiebRBEB A g uniform

evaporating material V. the vacuum cha 12 is not cont am nat e
i nsi de t heteexferatame. t Farther; dbyeclyartfing the teiadloperiagodret i ofghegiobssi 5da
becones eas [ 0028] Furt her, the_vacuum chanber 12 is provided

With a gasr ﬁ%ﬁg&hﬁ wrf%@a#@ ¢hndhe lid |bﬁ§r b4t &l awoveh ofwhetsl pfoms to
T
ot oduct i 'SR es e HeRute, 2 e ThacBESbotg po gy ela S

pr edet er m ipeebaRed bPde@badddme and, after stopping the operatl on of
each of the heating nmeans 6a, 6b, Ar gas of, e.g., 10 kPa is

i ntroduced [062¢her eby performthe role of stoppl ng the evapor at| on of
the netal evaporating material V inside the_second box body 3. [0029]

After having st&eB éhetm@aé@aamraﬁm@nm@mrtﬂeV Aol avd dPuabthanfrst and
terial V d th h th
ovacuati ng S LS P &3 EF miaer i e oBaRRY e 8 Pt e

chanber 20;y7y4 aﬁd&%e%éﬁﬁﬁﬂa&rb% B%@%ﬁe?éolstaop sﬂflﬁ%sfl{a% t‘ﬁ@'e@g'pér%ted

hi gher than that of.the vacuumchanmber 12 by half a dig
resul t, thymrok&bsreagt efitintdy O20tcc derbby rfeﬂuqmbdhctsaoﬁormabmron el
pressure aftgﬂ stop ing the_evaporation of the netal evaporatijng

mat eri al - ‘E diernbodas, éﬁ@haf@fnst /e Al pgteran&%@@ow%ﬁapor

bodi es 2, dd box, bod
by the bo %fna’sﬁh ! AtRth G b Rt 30 REBhaRdCnGRT D BHBEC
body 2 't&%h:fmﬁﬁiéﬁﬁﬁ& PleSsbeSh rBHcPEh@BQm smh@ﬂclhgi%eldf%gqm bédy b9) are

renoved, the upper surface is |left open so that the taking in and out
of the boxmbdejyag of Moh&V,dh|Tecor &Aloys tﬂmerepnfdmehmwzb af soelacidnelsmeassy .

The mechani sm l.ike to _take the object 0,_be processed, into,
and out ofad d@ﬂ?%@ﬁéﬁbéwdﬂewmﬁﬂoyﬁ@dxﬁaeﬁr&ﬁ) &Sééf’m‘ézsazon%ﬂ olfaried
any nore. _Th ore. the va a a

can be si rrep I I ﬂts’c%rn%qnst% g (% ngmf %?%hr élillje Ji?ége%%hg
first and a&@%ﬂﬂe@%to@ﬁlﬁ%s%?ﬁéﬁﬂﬂﬁ oh%h@%xﬁfe%bif%h@fotml thdrmal
housed, a | arge anmobunt of objects S to be processed can

si mul t anedostiptior hatedi=dd, Aetording togthis ghramgemwtt,i tha gtheFundthbatonss

description hﬂs so far_been made of.an exarrp |n Whl ch heating neans
3 i's provi@®dP? mEeTRnted drym RRIRTIRg e the ome taaprese apd) 1o

r e R Yy R g, AL b
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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di sposed outside the vacuum chanmber 12. [0030] In the exanple, a
description has been nade of an exanple in which the pan 51 is
provided in the second box body 3 which constitutes the evaporating
vessel 3 and lid body 52 serving the role of an adjusting plate is
provi ded. But without being [imted thereto, the netal evaporating
material V may be disposed on the floor of the second box body 3. On
t he ot her hand, an arrangenent may al so be nmade such that an
adjusting plate having a plurality of holes is provided in the

comuni cat +dfpcHAs 9Bl dnOtRiwet didie ﬂﬁﬁgﬁ %rr%g];af:? g%%r?cogéeﬁap Baving a

evaporated netal atons to the processing
Further, i flanhenteofaMplmaka dBise ficstt inod sbasdiesrbiiaeie208 a2s hextsdpiteai n

whi ch the co ni cating passage 4 is provided integrally with the
second boxrﬁtsgggd PERASUTR PYisaeh phihegheating means 6achlpand h@XJM}yanithg

essel 3 .congtitut ' sim | ar, .manner .as
\z;bove- des 2? ?/%g%]%g &i’@@%ﬁ?&/@ge&% ?V?ﬂm‘ tlﬁgﬁelﬁét}qera%@%?qqg@ Hifr 0% o
chat th : ! . el .
State in wipe POty ThY Cirisle Y1 GR PRGNS HahiR?00 A o 2
descri pt i cevdpasatimechamber 20 canbaheandanbstanitialwhiloridle processi ng

vessel 2 an‘c‘i thf evaporating vessel 3 are disposed in the vertical
posi ti onal 81i onshi p with each other. The arrangenent inside the

vacuum chanmberml2 i ot,.limted to the above; the. evaporating vessel
2 may al so be %]fl‘ i%’é egg}ngi NFOPESsyE Pﬁ%mg%ab%ﬁa‘?%efﬁa h[“bgﬁﬁt]mg
Now, with f@hes efif el oﬁj&g-slﬁi Weogg&egsedaiéj%g'ié&’tﬂoog ﬁ%édet&%aiﬂ?ﬂje
of the processing to I nprove the madnet1zing and coercive force of a
sintered negnEtraGuennd isdeldiat epmpsratessi The byap&iabitigtdhamber 30 is

above-descri bed vacuum vapor processing apparatus 1. The Nd-Fe-B
sintered nkgpted bg the othenphidryheating nfeains Ghstosherelinenaponaiebd . mataht
's, Fe, B e%%%orNgdggr Snaterial 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.
~ [oo27]

When the metal evaporating material V is evaporated, because, e.g., the
first box body 2 is of a construction (sﬁbstantially hermetically sealed
construction) to have mounted the lid part 22 on the upper suxface 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 mside thereof, and the recovery of

the metal evaporating material becomes easy.

[0028]
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m xed at a predeterm ned conposition ratio to thereby obtain an all oy
menber having a thickness of 0.05 Mm 0.5 nm by the known strip
casting. On the other hand, an all oy nenber having a thickness of
about 5 nun nay be manufactured by the known centrifugal casting
met hod. A small amount of Cu, Zr, Dy, Th, Al or Ga may be added
thereto during the fornulation. Then the manufactured alloy nmenber is
once ground by the known hydrogen grinding process and then
pul veri zed by the jet-m Il pulverizing process. (00331 Then,
after formng into a predeterm ned shape such as a rectangul ar
par al | el epi ped Frrtlkerc thamacihmmachavhiobrwi 2 s wegridéd evich ise phatit@odudtioni s
sintered under p edﬁtérniaid conditions to _thereby obtain the

Erat:

above- descmRerEr @ph giikich makaesgg Rogsible e infraduacerihe rare gas such
manuf act uri_ng, i he ;sintef ed net .S, t,he,.conditions .may respectivel

be opt i m 280 b Efati% R o A J@ e Rk UGGt e pSxtanie, Y Bragpabine’
magnet S T YrbcesbihigdfdrdRd Br&ietdekin®l- peitod NofPtinte Mrid2OaReMstéiiind] the
If the mean grain dianeter 1s larger than 7i In, since the spinhing
force of tloperptainnef dach nf the lerasingomeahs tdze ghekhs of)j elgd 16 kPa is

increased, the degree of orientation is ingarove_d and additionally the
surface ar éﬁtféﬂu@%a?% thryghn aeplorm thejoeledof ateaping the gvarqretienief the

efficientl i ffuse at | east . .of. and Th.an hys to obtain a
per manent %&%H-L?V%\ﬂoﬁ%%"%Bﬂﬂze?gﬁﬂﬁgﬁ%hW%ﬁl@&g?gpé%gf orce. If the
mean grain fpgmgter is larger than 25 p m the rate in the grain
boundary of grains including different grain orientation in one grain
is extrenely i Afieedmeinpatppbe thegramration bt et aletgineviapotiainr inatatgd
and, as a result, the maxi rum energy product, remanent flux density
and the coés ¢he &arspeechamberndddstiedursd in dyesstre thosmh the evgvating

REGAAE LN TR P EMEE S WL W R
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 aﬁd, when the lid part 22 is removed, the upper surface
is Jeft open so that the taking in and out of the box body 2 of the chject 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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magnet havi ng very high coercive force can be obtained. If the nean
grain dianmeter is smaller than 1. i m since the grain boundary
becones small and conplicated, the tine required for performng the
di ffusing process nmust be extremely extended and thus the
productivity is poor. As a sintered magnet S, the snaller the anount
of oxygen content, the |larger the speed of diffusion of Dy and Tb
into the grain boundary phases. Therefore, the oxygen content in the
sintered magnet S itself nay be bel ow 3000 ppm preferably bel ow 2000
ppm and nost preferably bel ow 1000 ppm [0036] Then, the
sintered MEgRsed ol Bfd $Hcltnl hddiBe@PRVe- descri bed method is

pl aced on the beating grid 21a of the box part 21, and the Dy which
is the netal{l088@porating material Vis placed in the pan 51 in the
second box body 3. Then, the_second box_body is placed_in a

3
predet er mi ned podbeiesanpima descentprp dag bpon mpddernfam exgranla i which the
i nside th h .12, And sthe fi.r st t, 2 havi t ed
e pa VYR ORI e AR S LB Rt DA A5 SR0N
placed in &s:Bs3dehan Md 8PS ée&%glﬂﬁzrdlé of12g! %’cﬁtﬁgtﬂti% gm@ 9 {éiaad.

neans 6a inside the vacuum chanber 12 (as a res sintere

magnet S arButt wghoet béingVapied thagiorethe medal Wap@ratihgposediad famayfieom

each ot her jnside the vacuum chanber 12; see Fig. 1). [0037]

Then, the At i dlopp qfsthey aragad depx body o e ddn dhei otder headls e
a

VHERAS
50 It t ne Braidte plale aREO5Y il SRR Bk ab' DEBRE SRR S % &
hi gher by halfalaydrdidds isvgl%gi%elﬂeiﬁvﬂféuéﬂﬂlﬁﬁm%gj%%ﬁﬁg% 1eRCABAsPihe

predet erm ned pressure, each of the heating neans i s operated
to heat thenwodessiupplc bfitieeevidibrated mbesleatapar tat ihegprobessher ciRinber
When the sintered magnet S inside the processing chanber 20 has been
heated to é)opredeterm' ned tenperature and is held at the tenperature
and, on the Qé hand, the tenperature inside the evaporating
chanber 20 ached a predeterm ned tenperature at the reduced

pressure, Dy i m&ﬁﬁerﬁﬁptﬁéeﬁlﬂﬂe,s a%?ﬁ%ﬁ&ﬁ %35 Aa\é\gg%a&beown %&é%%&_itnhe

evaporation, since the sintered nagne I's plac apart from
mel ted Dy wikichrtht domvdiinieatiny adbeged it protidediintearelly rmgh ehe Sevdidse
surface Nd-rich phase is nelted. The evaporated netal atons of Dy are

suppl i ed t dorrwdynsBuk without bejng bisitad thasptonttbe eyapeuativggresseled may
comu <oty SSRGS i SO SeBtRBL Do B e AR st
ommer oLt ef vl utRedn AR e phusalionlofh LAY o,
i s diffuseglagidoin hesifomiin detane an ywinlbhsks 1o phficisSrani®redd Fagiiet, i,
t her eby obtai ning a pernmanent nagnet M
this example, a description has been made of an arrangement in which the
piocessing 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.
[0032]

Now, with reference to Figs. 1 through 38, 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 is

manufactured as follows by a known method. That is, Fe, B and Nd are
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[ 00381 In this case, the heating neans 6a is controlled to nake
the tenperature of the processing chanber 20 and consequently the
tenperature of the sintered magnet S to be in the range of 1300C -
foot. If the tenperature in the processing chanmber 20 (and
consequently the heating tenperature of the sintered magnet 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
low. There is therefore a possibility that the Dy atons cannot be
spread homagedeatisd \préddtorhhdcandolitiondadtio RE2gRelY dbbEnShAt &
magnet before_a thin filmis forned on the surface of the sintere
magnet S. mpmbpehavingra thipkoessiof §.0%mper8t fimen by dhe dinoy K0P astingr e

i i i Lity that t i vely. diff into th
or ai ' bourdhthethetasd o8 el Seabat g & (HichrRSt ok AR By

magnet i zaty aﬁ‘hf ' j ggﬂﬂ', 3%@%1; bg .Q gund,
as a resul te?ﬁt e&}&ngl%eguhﬁg%}%ﬂggo uctgagn %%‘Eegﬁg%'en% tj}%hgenm ty
are furthet CwikrBg.TH, A039]Ga mayberddded théfher Hasherbe fBraigafibn.i Bhen

controlled_ to nake the tenperature of the evaporating chanber 30 and

consequentthy wanufastyredaaliee membee ismmae grovadobutibagkmere livairogen be

in the range of 800C - - C (the vapor pressur f . W || be about
< 16- 5 - elipe Bryess aad Shen P arEag By thbovaril payepd R Er s et o | al
is bel ow 8Q@ggzgyhere will not be attained a vapor pressure at which
the netal atons of Dy and. Th can be supplied to the surface of the
si ntered nmagneThen, Sfked Jodrdingi ol SCprdetithinéd khsipe khch gk al Fechoighdar v
phases for honobgeneous penetration. On the other hand, at a

t enper at urkarallelepipied or rogbanntine moldwith meguetic ofientationeiidb sintered
evaporatin terial becones so .high that the evaporate to ar e
excessi vel ﬁpBF‘?%aeermFﬁgc%‘UﬁP%% W qﬁﬁ@t@ i Hg@"gd t%g%&%éﬁqgeis
aresult, & i e fmr r f.ac SN

magnet, & Theet (upmetie B TH, ot S kAol Bhiered
addi tion, rhhgndti Sl thedynBitidrs waynessbcoiRelyhite oppatizealsd tdog the dvweagan
51 to thereby reduce the anount of Dy atons to the processing chanber
20. [0040]grain diamgier elthe distarad magnettS Slssnpprangsf ofu ;uhy merthe
sintered rragg(g? S to be suppressed due to the reduction of the vapor
pressure ok ?“é%‘ t he evaporation anount of Dy, and al so enabl es
the diffusifgpsypl ocity to be accel erated due to heating of the
sintered magnet S within a predeterm ned range of tenperature while
maki ng t he avdf tigemganignanh disaietsr Bilatdee thantienadsinegitkd smnhing folrée
within a predeterm ned range. Accordingly, it is possible_to

ef fi ci ent [9f the graisasiysineogatieyaidon plithe magnplindeldiscncraasey thedlegree

dher ed h f f i nt ered ' '
boundary. phaseeifior R Emgmtaliuil BRI BBY Spdeie e al fphBolndene
surface ofjs thgyRyNhaa 4f! i4BEARbIe %oaélﬁcifaﬂfmﬁﬂﬁse% LAXE onb WFIDY hhdl ni)bf

(see Fig. 3). As aresult, it Is possible to prevent the surface o

per manent aimgihek tdlobtadmabeirigndat eidguea Ve aang ataoatkablyekigh brdve
Dy to be excessively diffused into grain boundaries near the surface
of the sidvxeel thaghean greingipmetan isdargenihag 25y 1 Ehe prigde thergain

h i ni in.th ferD---80%) i . in_ b d
Phases andoplRRfe Y s SuliRRg: Sisprend it isbbigH T dgid e

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 Sum,

the rate of single domain grains is increased and, as a result, a permanent
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near the surface of the grains, it is possible to effectively inprove
or recover the magnetizing properties and coercive force and thus to
obtain a permanent nagnet M superior in productivity w thout
requiring any finishing work. [0041] By the way, after having
manuf act ured t he above-descri bed sintered nagnet S, there are cases
where it is worked into a desired shape by a wire cutting tool and
the like. At that tine, due to the above-descri bed working, there

wi |l sonetines occur cracks to the grains which are the principa

phase on ! it 1AGHOledyighl defied (RENEh bd SRMIAIAAeHHe dnean grain

remar kabl e deterioration”inthe magnetic properties.

hand, whendidmetabivemdler thared pvacsing vag gfaifhocedanbedoinddamdl and,
due to the fact that Dy-rich phases are formed on the inside of the
cracks of eerapheatbdsthectimer yequingdsiar perfoaging the dffusingpracesssmastibe
coercive force are recovered.. 10042 . In.additiqgn, since.Co wa
Cded 1o t FETEBRVGSHIEORE AR SYR TR P IBIE RITe A% SofgRd maghet
prevent | On SRS R alGub BEdky ht, BYSatRrl difthsi
Dy-rich phase tﬁgt l?1as extrenely iggﬁ\eeﬁ{tgor’rtgsi%fr#feg;@g i@e\q/iit?f; anS o
weat her r esf ByiandtTh idtanhélgrainchqurdaey phasest hThefdowe td othpenchatins
in the grains near the surface and in the ‘ﬂrai n boundary phases,

there can betbpsintard magmehdhdiselimarnde bdlow R0 prmy; arefeyably delow
corrosi on istivity and weather .resitivity w thout using Co. In
case the D?W@BP%QEHB%%EI’&E%E%@H}’FE“{ ﬁw@@?ﬁ@ace of the sintered
magnet is digdsgyed, the netal atonms of Dy and Tb that have been

adhered to the surface of the sintered magnet S can be diffused even

more ef fici ent Thesluehd ciheeed avhghdtals, mamifheugsdiin ol ndavé-aescoibelhe
sintered magnet S, there is no internmetallic conpound containi ng Co.

10043] metherhis Blacesk e thenbrsring gud 23a 96 the bex paxd\2d, dud the¢ Pygvhich
Dr ocess! N0 B, 8:0 S0 ST, RS OTald: 4% fhn 7 5B QLR bk
' 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.
Angd 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., 1X 1074Pa) 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 beld at the temperature and, on the other hand, the

temperature inside the evaporating chamber 20 has reached a predetermined
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nmeans 6a, 6b is stopped. Argon (Ar) gas of 10 KPa is then introduced
I nto the processing chanber 20 and t he evaporating chanber 30 through
gas introducing neans (not illustrated) to stop the evaporation of
the netal evaporating material V. Subsequently, the tenperature in

t he processing chanber 20 is once reduced to, e.g., 500C
Subsequently, the heating neans 6a is operated once again and set the
tenperature in the processing chanber 20 to the range of 450C -650C
In order to further inprove or recover the coercive force, heat

H ool ont HeabeBife bOhe xbaihd BreblfrcP RO R pIRIDC LD BELLAAMERY,

Finally, afterf rapidly cooling y room erature,
vacuum chaWken §i Dy stertkefapandionasicdithd BiéiedSha 04% he pRREY Iaﬂaxktox
n

bodies 2, 3 is taken out of the vacuum chanber 12. [0

thi s exanplftom Hydtrcmieltedddy wall nobbn diredty eidharedetoathsl sintefred giagpeDP
as the netal, evapof at i mpterial. V. )t i ossible to use Thb th S
low in vapdfr9seé %I,I\ﬂgﬁm ?ilﬁénﬁlgﬁ‘}pem&"@pl"’%ﬁé ”E‘@'Ggét@iﬁ)egéy
of the sin 5] e hat .. I . ' ' '

Sl ooty | A couERQAChe e Maife WOBRE ol Bide" CnaRie b Qg oo

the metal evapoudtdthgy Paksidedd ¥nd SarbbsuiglRdevnadatdnd adhardeto, She
may be heated in the range of 900r -1200C. At a tenperature bel ow
900C, the wvupface pf dbe winteréthmaguet U phaty it he aTbrestetemsnined tthmperatiuae,e

of the sintered.magnet cannoj be, reached, 045 ) n.the .
exampl e a GULEF AHEFGR oF B oRALY of Sapr 39@1 %gp&ﬁtlagmob%w& pgide
vacuum vap ' S | L.Gh - beC r{q e

'ho Nd. Fo: G BGRSHE EnaRBaL 305 Tud Dol DI Rbfedd 08" 2ty
to the exalphedadyhphasaswirtheasiterdd QEQSLR) @a%yabmhﬁngampbﬁnm_

I n manufacturing, e.g., superhard material, hard material and ceram c
mat eri al . [OEPS} M.n other words, superhard material, hard material

and cer am 0[6%8?” al

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 8. On the other hand, at a temperature exceeding 11007C, there is a
possibility that Dy atoms are excessively diffused into the grain boundaries.
If Dy is djffuséd 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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to be manufactured in powder netal lurgy nmethod are mai nly nmade up of
a principal phase and a boundary phase (binder phase) that becones a
| iquid phase at the tinme of sintering. The liquid phase is in general
prepared by grinding in a state in which the total quantity is m xed
with the principal phase to thereby obtain raw neal, the raw neal is
then nolded in a known nol ding nethod, and is finally sintered. In
case of manufacturing by using the above-described vacuum vapor
processi ng apparatus 1, first, only the principal phase (in this

e e faelapiathiotAIRIR 1 60T RALE of sHRTO RO fhe  Rpd SRS

prepare raw hen the raw nea In-a kKn

net hod, andftieredl beralidig 10 BIRPR)COMPHS ith@Pelfuss RiEl fhedmbyal
the vacuum vapor processing agpar atus before sintering, during
si nteri ng, e¥apERtiag Wiatewal ksgbelog0SPPC, therdcwil diohdba atialmed a vapor

arrangenent, by subse ntly s lyin i quj hase to th

alreagy mo PY&E ?#ﬁd?ﬁﬁﬁ‘%ﬁ%&%ﬁgfﬁ H% ééngbéégﬁigﬂ%@- eﬁ%ﬁ@bP§ﬁ°d¢§in
hase co L4 ' o) I -t h LNGi .
Phace can Batiaho Bt BEE SHREdakhiP $ol0 LERE Wilal DY huld IR ThE Bhain
phase is pbsahia® phakisOfor CEESENeahE PRnetafichNeOn Kee ofer@bARSUAL a

it becones possible to manuf acture superhard material, hard material,
and cer am tempexatied exdeadingal0NC ghhareaprarpreasurstofahgtingtal evaporating

particularly, hi t oughness. . [ 0048 For exanple, SiC powder and
C powder (B%/ﬂts’aﬁ? SuRSS P ha@&fag}ée sxrporated Iy, ategmspany pxcegiyely

m xed at a i t 0 ' ra ol . e
raw neal i g%@ée@%ﬁ%ggiaﬁ%%&nee %‘%%%%ﬁ?eeh %}Pddﬁts \a% %%glth%#eggﬁn gt(])ogy
(princi pal f@hese onttheaupfed of @h@hﬂﬁéreﬂfﬁagneﬁa%in FiinSmBaRs dethdadyali s
made to be an object S to be processed an t he net al evapor ati ng

mat eri al ) Bvapdratingimatesisdctlodaddition, the lidhody &2t iaimednied drhihef upper
and the seco bo>f< odi es ﬁ 3, re%pectivel é Each of ,the box bo%hlgs
2, 3 is pl 8tHacs of $hpdean Sdntatheusby sredhes dhe pmpgantef fiyaafergs e

6a, 6b i ”Sbg&egﬁﬁg cﬂ&(ﬁlﬁg&&hanber 12.
[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 wvelocity to be
accelerated due to heating of the sintered magnet S within a predetermined
range of témperature 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 surfaﬁe of the
sintered magnet S and form the Dy layer (thin film) (see Fig. 8). 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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[ 0049] Then, the vacuum chanber 12 is evacuated by the
evacuating neans 11 until the vacuum chanber 12 reaches a
predeterm ned pressure (e.g., 1 )< 10- 'Pa). Each of the heating
nmeans 6a, 6b is operated to heat the processing chanber 20 and the
evaporating chanber 30 to a predeterm ned tenperature 1500t
A-1600C). When the tenperature in the evaporating chanber 30 has
reached the predeterm ned tenperature at reduced pressure, Si in the
evaporating chanber 30 starts evaporation, and the processing chanber
20 is supplied with Si atoms. Wen this state is maintained for a

predet er m RQG dherdu@thelloftheBrdiBs Jit is ?ogﬂefesl)o’ eﬁe@ﬁv&%ﬁo@@ ar ?eéef%lc h

is Si is supplied at the sare tine a sintering o he pri nci pal

phase whi ctheirmagiwtizing derbebtiety andhesreivy fotck iapdrthastd obigin arpeminantst
manuf act ured. [ Q050] The siljcon carbide ceram c nanufactured in
t he abovef@@&%ﬂﬂﬂéﬂ@ﬁﬁ@haupﬁakmavﬁﬁﬁﬁﬂﬂgﬂg?ﬁ@ﬁg&hﬂ@kﬁ@@hﬂth@ﬂ@o MPa
and its fr b%g toughness is 4 MPa nB. In this case, it can be seen
that this ﬁ t had a hi gher nmechanical strength as conpared with

(0]
the one that vBs t8B!@hyloMdY hain Hﬁ]gﬁgagt&%\ﬁdﬂ{e ABGVIPRNNE SERERPN

bl ack) of an average particle sizZe nat a no ratio

;2 to themepyetoB) iieve neevcaseslwhaerelidis gorkel travw anedirddnslapleriong wire

met hod; and then sintering it to thereby obtain the product (bending

Strengt h: @gnEmgol andatahmg%e 1 obgHhelsmeotes hetho sl described yopking
ted that t lent to. t b

bt ai ned 1 eEREE Epee B oRR R iraokTle, s OBl rah 16 DroTel PEAEF o
| ded b t i

mol ded body, ydar-tREeMehEEm AR ﬁ&%’:ﬂét Jfl it F]—ﬁﬁé)rémaﬂim‘yﬁ?gem?ﬁﬁﬂ

then supplying the conposition of ase materi a
Si by usi nip theemagasticnprageaticpr o@nstfhen@;hapﬂﬁhdl weheh. tHeExbovetdesddibed

[0051] 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 infermetallic 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 heafing
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As a Nd-Fe-B sintered magnet, a nenber nachined to a colum shape (4)
40 x 1 Om) having a conposition of 30Nd-1B-0. 1Cu- 2Co- bal . Fe,

O2content of the sintered nagnet S itself of 500 ppm and average
grain diameter of 3,u mwas used In this exanple, the surface of the
sintered magnet S was finished so as to have the surface roughness of
10012 in or less and then acid-cleaned with etchant and t hen washed
wth water. [0052] Then, the vacuum vapor processing apparatus 1
was used and in the vacuum vapor processing nethod descri bed above,
Dy atons weiegn€ &ds6H it @tdipeddhakash (Ar)tde furd BPe 8fthbAentbih&sderito
magnet S and were diffused into the grain boundary phases before thin
filmof Dythkaprdoessing chamber 20 ramelc thefeviperatingt dreagbemB@ribrowgh gas

In thid caBEomR R o et B atd giok S0 GEDAEISBLPY N PP
n this o s O ’
vae used 8 TRE SRR ar b ALY Nbe She e R @opbtefih BOUR pRlcelitt

in bul k foshanibe 20 koRtte @Bdided 100é.EQHOSTD.T Bithsedudi®y, Eﬁ@ﬁ@@t&%@ﬂmaﬂs
chanber 20. [0053) Then, the vacuum chanber was once reduced to

1)< 10 ' Péa {4 ¢nerptassenoecigain ahé spt teeksipegabiraribdhe wagceSsing chombay
by operati t he evacuat) ne and the heating.tenperature of the
processi ngE@ﬁ%&feﬁ’a% 033455%6 ’Hgg&png?ﬂé‘égf‘s”@ {HE egélppg VepriecovRy the

t he tenper e | r ' S. rgache 7

vacuum vapariare et Yodt BERERLES, RORRPEIng e aBoud AROHAIAERL midhEe

(Conpar at i iée dorfirpled. 1) FiRQHG1 after ApidlyMcboling N PEGSRSSLINBS room
performed on the sintered magnet S that I's the sane as the one used
i n t he Exatgmhperafuneythesvamyuan chpoberiéPosvented, appeaadt ofsthe first and the

VFR- 200M manuf act ur ed ULVAC Machi,nery Co., Ltd a
f:onvent i on%qw?ig% bgtieg Ya?é?tqls?aém&gif Elge éaqwnbeﬁﬁlabglr ﬁ't his
Conpar at i Ve[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 (300°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 Th, 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 fo 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. Buf without being limited to
the example, the vacuum vapor processing apparatus 1 can be used in
manufacturing, e.g., superhard material, hard material and ce_ramic material.

[0046])

In other words, superhard material, hard material and ceramic material
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Exanple 1, an electric current of 150 A was supplied to the Mo board
and perforned the filmform ng process for 30 minutes after Dy of 4g
had been set on. the M board and the vacuum chanber had been
evacuated to 1)< 10-3Pa. 100551 Fig. 4 is a photograph showi ng a
surface condition of the permanent magnet obtained by perform ng the
processi ng descri bed above and Fig. 4 (a) is a photograph of the
front side of sintered nagnet S (before processing). It is found from
this photograph that in the sintered magnet S of "before processing

al t hough bl ack portions such as voids of Nd-rich phase which is grain

boundary ptabe nedmdectgired fin Hokaes ntstalllfSaRhod B )36k PAAL QNS a
di sappear when the surface of the sint-ered nagnet is covered by the

Dy | ayer (Dlhllﬁpfil physeagnd @ bovmdasypdieat i(viadex ahpss that i)eearEesga hﬁmd
b In t asured val ue of, thickness of t

Et)hl) nfil nQ gfzﬁi%flr% gy ﬁ'b%e H&w& Qlﬁse.@ R lten@re%
Exanple 1 C ti-0 u

de-grain t%‘ggaegl@c%ngbsg%e%ln% F]%}us ar %@I 151\?1' %‘f% gﬁeg %c?al

those of tpleassuol Breelnf olstalt 4w dnsEy Hied raSwQ:ﬁealbl@ftﬁéﬁ R6146@ 58 iaenowd N
addition it |s found that Dy has been efficiently diffused into the

grai n bounaalding weefbedbatdiefinallyrairiteredof I lvaseDyf inapefacturing byt using

h (00561 . Fig t

(s: h g\r/]\ngﬁg ! '[] h@"‘e ngg‘ﬁ‘@t( %‘E@% é’@ﬂ“](égl) %5?19?1}1 8rGEPTHER é?ﬁplaﬁ%fdﬁe@ > ﬁ’?ﬁb t%&i}h gein
d t d [

accor ey il Al LR8BS SLAAIC AR BRGNS ASOLL 62

as a Com%@&m@d)ai@gﬂ@bﬁd tAqsepshcnhv @letam' @ehamleecaw mesl i@m;ﬂeﬂh@ta
t he per manent magnet M of the Exanple 1 has the maxi mum ener gy

product ofkuove md}hﬂgtMethOémehtthéltaaﬂedah@ tiyupt pbasg mpmrubn he

coercive forc 8 .1 kOe, and thus the coercive force 23 1 kOe) is

r emar kabl ySWPrPE‘F %ﬁ‘&é?’éﬂowlf%‘eﬁ%%ﬁ a?ﬁﬂfaﬁu%b%%r%ﬁﬂi Fansi

magnet S bﬁﬁ?érﬁaé 'B?a‘ﬁ@fgih%x\iﬁ or processing. [Brief Description of

t he Drawi ngs] ’ '
[0047]

According to this arrangement, by subsequently supplying the liquid
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 u m are mixed at a molar ratio of 10 : 1 to thereby obtain
raw meal. Then, the raw meal is motded 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, respeétively. 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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[ 0057] Fig. 1 is a schematic view to explain the construction of
a vacuum processing apparatus of this invention; Fig. 2 is an
enl ar ged perspective view of a pan; Fig. 3 1s a schematic

expl anatory view of a cross-section of a permanent magnet

manuf actured in accordance with this invention; Fig. 4 is an

enl arged surface photograph of a permanent nagnet manufactured in
accordance with this invention; and Fig. 5is a table show ng
the magnetic properties of a permanent nagnet manufactured in

accor dancevadguuin chambenyenti on. [ Description of Reference Nuneral s]

[ 0058] [0049]

Then, the vacuum chamber 12 is evacuated by the evacuating means 11
until the vacuum chamber 12 reaches a predetermined pressure (e.g., 1X 10~
°Pa). Each of the heating means 6a, 6b is operated to heat the processing
chamber 20 and the evaporating chamber 30 to a predetermined temperature
(e.g., 1500C ~1600°C). When the temperature in the evaporating chamber
30 has reached the predetermined temperature at reduced i;)ressure, Si in the
evaporating chamber 30 starts evaporation, and the processing chamber 20 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 1s Si by using the vacuum
vapor processing apparatus 1.

(Example 1)
[0051]
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lvacuum vapor processi ng apparatus 12 vacuum chanber 2box body
(processing vessel) 20processi ng chanber 21lbox part 22lid part 3box
body (evaporating vessel) 4comruni cati ng. passage

As a Nd-Fe'B sintered magnet, a member machined to a column shape
($ 40X 10mm) having a composition of 30Nd-1B-0.1Cu-2Co-bal.Fe, O,content
of the sintered magnet S itself of 500 ppm, and average grain diameter of 31
m was used. In this example, the surface of the sintered magnet S was
finished so as to have the surface roughness of 100 m.or less and then
acid-cleaned with etchant and then washed with water.

[0052]

Then, the vacuum vapor processing apparatus 1 was used and in the
vacuum vapor processing method desecribed above, Dy atoms were caused to
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 8 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 1 X 10~ *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 is
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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5heati ng means 6lpan evaporating vessel 62adjusting board (lid body)
obj ect to be processed Vnetal evaporating material WHAT IS CLAI MED

| S:

1. A vacuum vapor processing apparatus conpri sing:

Example 1, an electric current of 150 A was supplied to the Mo board and

performed the film-forming process for 30 minutes after Dy of 4g had been set

on the Mo board and the vacuum chamber had been evacuated to 1X1073Pa.
{00551

Fig. 4 is a photograph showing a surface condition of the permanent
magnet obtained by performing the prowssﬁg described above and Fig. 4 @
is a photograph of the front side of sintered magnet S {(before processing). It is
found from this photogréph that in the sintered magnet S of “before
processing” although black portions such as voids of Nd-rich phase which is
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 (0)).

{0056]

Fig. § 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 mazimum 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 kOe) is remarkably improved as
compared with that (11.3 kOe) of the sintered magnet S before the vacuum

vapor processing.
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a vacuum chanber capabl e of keeping inside thereof at a predeterm ned
pressure, wherein the vacuum chanber houses therein a processing
vessel and an evaporating vessel in a manner isolated fromthe vacuum
chanber, the processing vessel and the evaporating vessel being
comuni cated with each other through a communicating passage,

wherein the processing vessel has a bearing grid which is capable of
nmounti ng thereon an object to be processed at a predeterm ned hei ght
froma bottom of the processing vessel, the bearing grid being nade
by arranging a plurality of wre rods; a heating neans capabl e
of heating %ﬂéﬁbés&ip@ioprafd:hsﬁragin@isel and the evaporating vessel
in a state in mﬂich an object to be processed is disposed in the
processi ng | and in which netal evaporating material is disposed

in the evaporat.i ng, vessel . _.wherein,the, processi vessel and
the evapor ati nb B ekdsr Sriemainaidt o yihled U Boaanectian ol fovAatn

t o ther ebypfyaReh@bppdaeusst @is B4RBALAL i Ng material while raising the
object to Be processed to a predeterm ned tenperature so that

evapor at ed net Hig. 2tisan enizrgsdpplipediitovawsnulif pag of the object to be

processed in the processing vessel. . 2. The vacuum vapor
processi ng appBiatus 2ackspditispxplanatennyiew afiferrepsisedionsf Apsrmansyt

vessel is provided weth a pan which is.gapable of. di sposing therein
the netal %\?%8?5’1 “&%lfeéi_r]inaarcf’or ance Wl@’. _ B"’&&@Hﬂm vapor processing
appar at us accopdi ng #0af! &hBkdedObutacdHRbTaBR 80iaUDklREnh@ hEaddaft
adj usts an anount of supply of the evaporated netal atons to the
pr ocessi ngmaesdsiturel immoobeknon wath dpeimvweppen; and f ace of the pan or
in a conmuni catj ng_passage. between the processing vessel and the
evapor ating veEig[é is a table showing the magnetic properties of a. permanent
magnet manufactured in accordance 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
box body (evaporating vessel)
4 communicating passage
5 heating means

61 pan evaporating vessel

62  adjusting board (lid body)

mn

object to be processed

A% metal evaporating material
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4. The vacuum vapor processing apparatus according to any one of
claims 1 through 3, wherein the processing vessel is a first box body
conprising a box part whose upper surface is open, and a lid part

whi ch is detachably nounted on the open upper surface of the box
part, wherein the first box part can be taken into, or taken out of,

t he vacuum chanber, and wherein the inner space of the first box part
I's reduced to a predeterm ned pressure acconpani ed by pressure
reduction in the vacuum chanber. 5. The vacuum vapor processing

appar at us Wl@@@ﬁ\&@qyone of clainms 1 through 4, 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 nounted on

t he open upper 1surfg\g%c mt SPB%’F,BQ%"?%&‘ a%ﬁgr&o{@ﬁ%@gfond box part

can be taken into, or taken cuume¢ and wherein
t he i nner spacea wicutivecheetmendapable pikeerding insidadiestetbata preddietreineti ned

B “The. vacgnuansrei 1 SPRIS shaee ooleds el 4 BRIy GHE VBee
claims 1 tﬁnd)anglavalibmatﬂwgﬁvessbbima mahher ipolaedSsinm thevexsiam chaneber, the
evaporati ng vesse

t heat i ng,. L Al de of. Leri
That 1o 1reorei FeRel rbi G ereneheraeeLBafe Rl LM 4,
have, on adtheetmsdughtecanriuaatiidpissage, a lining fil m nade of a
material that is free fromreaction mﬂ%\% the netal eyaporatin

| a
materal. whereif the RIaRRHNG Y bt a<Re a0 P Ao 42Refaidly o
any one of mglafingBthérddir v gbieét @risk proessked, aivihpredbterinheddilight tirohoabe

et al - vapBUaT o HRDECERNG JREsH o RenEa S o ey g &
plurality of wire rods;

a heating means capable of heating each of 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 are
respectively heated by the heating means fo 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
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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
claims 1 through 3, wherein 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, wherein the first
box part can be taken into, or taken out of, the vacuum chamber, and wherein
the inner space of the first box part is reduced to a predetermined pressure
accompanied by pressure reduction in the vacuum chamber.

5. The vacuum vapor processing apparatus according to anyone of
claims 1 through 4, wherein the evaporating vessel is a second box body
comprising a hox 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.

6. The vacuum vapor processing apparatus according to anyone of
claims 1 through 4 and 5, wherein the processing vessel, the evaporating
vessel, and the heating means: are made of a material that is free from reaction
with the metal evaporaiing material; or have, on at least the surface thereof, a
fining film made of a material that is free from reaction with the metal
evaporating material.

7. The vacuum vapor processing apparatus according to any one of
claims 1 through 4 and 5 and 6, wherein the object to be processed is an iron-
boron-rare earth sintered magnet, and wherein the metal evaporating material
contains at least one of Dy and Tb.
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