SPECI FI CATI ON  VACUUM VAPOR PROCESSI NG APPARATUS [Field of the Invention]
[ 0001] The present invention relates to a vacuum vapor processing
apparatus suitable for perform ng a processing (vacuum vapor processing): in
whi ch, while heating an object to be processed inside a processing chanber,
evaporated netal atons are caused to be adhered to, and deposited on, a
surface of the object to be processed to thereby forma netallic film and
in which, in addition thereto, in case the object to be processed has a
crystal structure, the netal atons are caused to be diffused into the grain
boundaries at the sane tine as the adhesion thereof to the surface of the
obj ect to be processed. [Backgrqypﬂcﬁ@1¢AEh§gp2] This kind of vacuum vapor
processi ng apparatus is used to inprove the magnetic properties of, e.g., a
Nd- Fe-B (or a Nd-Fe-B system sintered nmagnet, and there is known one which
is constituted by a hernetically sealed vessel nmade up of glass tube, and
the like and an el ectVACULIMAaLROR PROUESSNEG APPARAGUSPr ocessi ng
apparatus, an object to be processed which is the Nd-Fe-B sintered nagnet
and a netaﬂﬁekbwgmaﬂmﬁgnﬁan rial which is rare earth netal selected from
t he group gonsi,sting of Yb, Eu, Smare contained, in a mxed state, inside
t he hernet*ﬁ%ﬂby seal ed vessel. The pressure inside the vessel is reduced
to a predetermped gress re by means .of a vacuum punp or the |ike and
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which, while heating an object to be processed inside a processing chamber,
evaporated metal atoms are caused to be adhered to, and deposited on, a
surface of the object to be processed to thereby form a metallic film: and in
which, in addition thereto, 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 1s known one which is constituted by a hermetically sealed
vessel made up of glass tube, and the like 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 and, thereafter, the above materials are
contained inside the electric furnace and are heated (e.g., to 500C) while this
hermetically sealed vessel 1s rotated.

(0003]



1 Once the hernetically seal ed vessel is heated, the netal evaporating

mat eri al evaporates to thereby forma netal vapor atnosphere inside the
hernmetically seal ed vessel. The netal atons in the netal vapor atnosphere
get adhered to the sintered magnet that has been heated to substantially the
sane 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 honogeneously introduced in a desired anmount into the surface of
the sintered magnet and the grain boundary phases, whereby magneti zati on
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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]

As a material for a heater and wall to be used in an electric furnace,
there is conventionally used carbon considering the ease of workability and
cost. It is known, however, that the point of sublimation of carbon lowers
under vacuum conditions (e.g., 10”*Pa). Therefore, if this kind of electric
furnace is used for evaporation of Dy and Tb that must be heated to a
temperature of 900C or more in vacuum, there occurs a problem in that the
furnace is contaminated by the sublimation of carbon, or that Dy and Tb
react with carbon, resulting in poor reproducibility of the reaching
temperature due to rapid leaning of the heater itself, and the like. In
addition, if the sealed vessel for containing therein the metal evaporating
material and the object to be processed is constituted by a material such as
glass tube and the like that has a possibility of reacting with the metal

evaporating material, reaction takes place with the metal atoms in the vapor

atmosphere, resulting in formation of product of reaction on the surface.



evaporating nmaterial, reaction takes place with the netal atons in the vapor
at nosphere, resulting in formati on of product of reaction on the surface. 2
There is a further possibility in that the atons penetrate into the vapor

at nosphere of Dy and Th, and that the recovery of the netal evaporating
materi al becones difficult. (00051 1In order to further inprove the
coercivity after having perforned the above-described processing
particularly to an object of a predeterm ned shape such as parall el epi ped,
it is preferable to performin succession heat treatnent at a predeterm ned
pressure and tenperature. However, in the above exanple, since the pressure
in the heMiere dald Yusdriregosstisidiey iahtngeshe dboing gpgrictemiesintg, then vapoer to
perform heat treatnent after processing at a predeterm ned pressure, it
becomes netmespitaret of Dycend ke ahé that mbei wabvery sfethednated sahporating t he

el ectric furnace and, after pressure reduction, to return it once again to
t he eIectHﬁﬁeﬂalha%ﬁneﬂﬂﬁﬁﬁﬁﬁdling is therefore troublesone. Further, in
order to iﬂg@gﬂuce nmetal atons in a desired anount into substantially the
entire sur of the sintered nagnet, a driving nmechanismto rotate the
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(0006) Therefore, in view of the above points, a first object of this

i nvent i onttesitmicat ptoy ipdedeatevad nednpragarre piot essipegptappar Bowseven mhileh t he

object to be processed and the netal evaporating material can be heated to

a high  above example, since the pressure in the hermetically sealed vessel changes
during processing, in order to perform heat treatment after processing at a
predetermined pressure, it becomes necessary to once take the hermetically
sealed vessel out of the electric furnace and, after pressure reduction, to
return it once again to the electric furnace. The handling is therefore
troublesome. Further, in order to introduce metal atoms in a desired
amount into substantially the entire surface of the sintered magnet, a driving
mechanism to rotate the hermetically sealed vessel is required, resulting in a
complicated apparatus constitution and a higher cost. Further, since the
metal evaporating material and the object to be processed are disposed in a
state of mixing them together, there is a disadvantage in that the melted
metal evaporated material may get directly adhered to the object to be
processed.

{0006]

Therefore, in view of the above points, a first object of this invention is
to provide a vacuum vapor processing apparatus in which the object to bhe
processed and the metal evaporating material can be heated to a high
temperature with a high reproducibility in a simple construction without
contamination on the inside of the apparatus, and in which, when the vapor

atmosphere is formed, the other atoms can be prevented from entering.

[0007]



contam nation on the inside of the apparatus, and in which, when the vapor
at nosphere is formed, the other atonms can be prevented fromentering. (00071
3 A second object of this invention is to provide a vacuum vapor processing
apparatus in which the processing chanber can be reduced in pressure at

w Il and which has a sinple construction. [Means of Sol ving the Probl ens]
[0008) In order to solve the above problens, the vacuum evaporating
apparatus of the invention conprises: a processing furnace; at |east one
processi ng box disposed inside the processing furnace; a heating neans for
heating the phogessadngbissk; ofatbisarineenident isndo npeovads or eacyswat VaRen he
processin fur.nace and the processjng box to a predetermned pressure in a
State in PIAPEHIRARGAES 1B SO SbeJuBerssRE ShAmber Gk b6r Edteqd il or | al

are disposed in th rqcessi box. The heati nmeans i s operated at a

reduced %feggg{ﬁ,%t?v 1%{8@@?}5%@ aeéltm]?]t? GSQS%PlS@gESed to a plroedeterm ned

tenperaturmg%ns &PSﬁ]Qiﬁ%]ﬂléTPi"@dleﬁl‘@porati ng material is evaporated so that
e metal a

t he evapor at ons are supplied to the surface of the object to be
processed. [09899) According to the invention, the heating nmeans is operated
to heat the processing box at a reduced pressure. \Wen the netal

evapor ati ng nhi erdedlto sohs e dbwweprrobhsss, tfe kaxuhaserarehtdgtdpparatus
predeterm ned tenperature, evaporation of the netal evaporating nmaterial
starts. Tofethe mventonpomnapmebs: mepricestingdunmmace; tb ledss iy pracesangdopr ocessed
either dictectly or froma plurality of directions by repeating collisions
and get odifBeeadl fesidanihe papresingd figmaceh@ g\@ft@@g msape Proeealdny then case

the object to be rocess&-d . . .
processing "boxX; and an evacuating means for evacuating the processing

furnace and the processing box to a predetermined pressure in a state in
which an object to be processed and a metal evaporating material are
disposed in the processing box. The heating means is operated at a reduced
pressure to heat the object to be processed to a predetermined temperature at
which the metal evaporating material is evaporated so that the evaporated
metal atoms are supplied to the surface of the object to be processed.

[0009]

According to the invention, the heating means is operated to heat the
processing box at a reduced pressure. When the metal evaporating material
ingside the processing box has reached the predetermined temperature,
evaporation of the metal evaporating material starts. Then, the evaporated
metal atoms move to the object to be processed either directly or from a
plurality of directions by repeating collisions and get adhered to, and
deposited on, the object to be processed. In case the object to be processed
has a crystalline structure, the metal atoms that have been adhered to the
surface of the object to be processed that has been heated to substantially the
same temperature as the metal evaporating material, are diffused into the
grain boundaries of the object to be processed.

[0010]

According to the invention, preferably the processing box is free to be put



has a crystalline structure, the netal atons that have been adhered to the
surface of the object to be processed that has been heated to substantially
the sanme tenperature as the metal evaporating material, are diffused into
the grain boundaries of the object to be processed. [0010) According to
the invention, preferably the processing box is free to be put 4 into, or
taken out of, the processing furnace, and conprises: a box part which is
open on an upper surface and a lid part which is detachably nounted on the
open upper surface, wherein the processing box is depressurized as a result
of depressurization of the processing furnace by operating the evacuating
means. Acanudénthlien sl of, ahe phoRaEinly, furhace, tihel @reeEssd: athod paragRichs
evacuat ed and depressed until the processing furnace has reached a

pr edet er msnerkmpresgunppet kerfaneemndspdukpaft wheclpiodesshablybmournited on
constitutes the processing chanber is depressurized through the processing
furnace tEeaopeRHEPesr BEEace WhereleHhe Brocepungrhsedsidegressunized. asTher ef or e,

the inside of t processi ng box_.that constitutes the processing furnace in
a sinpl ereé&i&togﬁéepmﬁseyﬁaﬁpﬁi Of athg yPgEeTsbeR cBETRRE pP¥s SBFERE 0Pe1
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the processing furnace. ere 1s"no nee a mechani smand the
li ke forappidded@rniinddt pbstgrbhahebieedr tpabe ¢ QEeSpRkebdhe. box it of , the
processing box inside the processing furnace. The apparatus itself is of a
sinpl e comstitutdsi dre. ptotetding daseheri is depressangsaititough thedpraestinghat a
plurality of processing boxes are housed inside the processing furnace so
as to proldasgce thahigher peessune thambhay of thenpeospesing durndaeh Theneflore,

roduction. In.addjtion, . . . :
P t%e mside of the processing box that constitutes the processing furnace in a

simple construction can arbitrarily be reduced in pressure.
{0011]

Further, there is arrahged, in the processing furnace, the processing
box containing therein the metal evaporating material and the object to be
processed, in a batch system so as to be freely put into, and taken out of, the
processing furnace. Therefore, there is no need of a mechanism and the lhike
for putting and taking the object to be processed into, or out of, the processing
box inside the processing furnace. The apparatus itself is of a simple
construction. In this case, if an arrangement is made such that a plurality of
processing boxes are housed inside the processing furnace so as to process
them at the same time, it can cope also with a mass production. In addition,
since the inner space can be reduced to a predetermined pressure
accompanied by the pressure reduction in the processing furnace, there is no
need of the evacuating means for the pressure reduction of the processing box.
In addition, even after the evaporation of the metal evaporating material has
been stopped, the inside of the processing box can be further reduced in
pressure without taking out the processing box. Further, the processing box
itself can be made simpler in construction and, in addition, by taking out the

lid part, one surface of the box part can be left open. In this manner, the



since the inner space can be reduced to a predeterm ned pressure

acconpani ed by the pressure reduction in the processing furnace, there is no
need of the evacuating nmeans for the pressure reduction of the processing
box. In addition, even after the evaporation of the netal evaporating
material has been stopped, the inside of the processing box can be further
reduced in pressure wthout taking out the processing box. Further, the
processing box itself can be made sinpler in construction and, in addition,
by taking out the 1lid part, one surface of the box part can be |eft open.
In this manner, the 5 takin orating material and the object

, th t al [
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According to the inventio referabl.y the heating neans and the processing
box are f%lﬁtrféticfht‘?fprgc‘ﬁg&‘f%ggg’f B?‘F?é’i‘e P@Slﬁ'ee fromreaction with the netal

evaporat i L) erial or are made of a constituting elenent having formed an
inner lining filmof a material that is free fromreaction with the netal

evaporating Makesdidhe thheRe ﬂdbehﬂﬁnn%ﬁ@ﬁmﬁyEthéih@ﬁ&nﬁﬁhﬁ@hﬁé arf] tddhered to
the wall surface of the processing box and the [ike, the material does not

react wi trocbssinglBoxsafd agedTbLaehat@iaielt sheddtah neapaon waithodehere is
formed, the other atons can be prevented fromentering, and the recovery of

t he met al mevaApevagdragingatretenk] adharethade vhe valdtitatimaclkemdgchavngeasy.
This is particularly effective in case the netal evaporating naterial is Dy
and Tb t higrmedean dapes lingng Slwrofl 2 meziotiad sbahioitcedbom raaspby wighrihet be

expect od. | 0013 pbLeler ably, fhe gaterial thal f S L Sn o BagER 2 W i
adhered to the wall surface of the processing box and the like, the material
does not react with the wall surface. Therefore, when the metal vapor
atmosphere is formed, the other atoms can be prevented from entering, and
the recovery of the metal evaporating material adhered to the wall surface
becomes easy. This is particularly effective in case the metal evaporating
material is Dy and Tb that are scanty as natural resources and stable supply
cannot be expected.

(0013]

Preferably, the material that is free from reaction with the metal

evaporating material is Mo.
[0014]

Preferably, the heating means comprises an insulating material
enclosing the circumference of the processing box and a heat generating
member disposed on the inside of the insulating material, wherein the
insulating material is made by laminating plural numbers at a
predetermined distance from one another. According to this arrangement,
the inside of the processing box is indirectly heated through the wall surface
of the processing box, it is possible to substantially uniformly heat the inside
of the processing box with a good reproducibility. In addition, the processing
box is heated by the heating means disposed inside the processing furnace

under reduced pressure. Therefore, the thermal efficiency becomes large



Preferably, the heating neans conprises an insulating material enclosing
the circunference of the processing box and a heat generating nenber

di sposed on the inside of the insulating material, wherein the insulating
material is made by | am nating plural nunbers at a predeterm ned distance
fromone another. According to this arrangenent, the inside of the
processing box is indirectly heated through the wall surface of the
processing box, it is possible to substantially uniformy heat the inside
of the processing box with a good reproducibility. In addition, the

processi g BRX ég%e@%? ﬁ&&@{éﬂ&@%@@ﬂnﬁ?@%ﬁ tﬂbﬁﬂ%ﬁ@é&fﬁ%%hﬁﬁb@%n
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the processing chanber can be made faster. Furt if at least the

i nsul at i nhenpiceesdhgdarhhe isnsiade adfthetdievprdecesbédgndterndcehd sostrda of the
above-described material, the cost can be |owered. 10015) Further, in this
i nvent i onbe loweredcuum evaporatl ng apparatus further conprises a setting
part capabﬂr@ OE placing thereon the object to be processed at a

pr edet er m dohei ght froma bottom surface of the processing box. If this

by pl aci g HESREER bRl PaE R ab P A o BB PR MU T he
acer ol Cedirised dBedRAE Rkt SBIELERRRA Mok R TR R RARRL M

construct4og. &Heté%ﬁﬁﬁea%lgﬂt &%im ObBRoRS S6EASEHS the TrBE&LALL BBENEl and the
net al evaporatlng material is rare earth nmetals, the nelted rare earth

net al s withis Beiftidiepact iseohbtit@didyedishosinge pluﬁahtyedf wagnelemraseordyr f ace
Nd-rich phase is nelted. In addition, the netal atons evaporated fromthe
met al evdpomaading theatmeefad| exmm@tmgenh%wmlhenl theebottose wfrfadec obihect to be
Pr Ocessedpr%ggssing box, the object to be processed and the metal evaporating material
can be disposed at a distance from each other in a simple construction. In
case the object to be processed 1s sintered magnet and the metal evaporating
material is rare earth metals, the melted rare earth metals will not be
directly adhered to the sintered magnet whose surface Nd-rich phase is
melted. In addition, the metal atoms evaporated from the metal evaporating
material positioned on the lower side of the object to be processed are
supplied either directly or from a plurahty of directions by repeating
collisions to substantially the entire surface of the object to be processed.
Therefore, there is no need of a rotating mechanism to rotate the object to be
processed, whereby the construction of the apparatus can be simplified and
the cost can be lowered.
[0016]

On the other hand, there may be provided, inside the processing box, a
holding part which is capable of holding therein the metal evaporating
material so that the object to be processed can be disposed at a distance from
the metal evaporating material. In this case, depending on the area of

opening in the holding part, the amount of evaporation of the metal

evaporating material can advantageously be adjusted.



supplied either directly or froma plurality of directions by repeating

collisions to substantially the entire surface of the object to be
processed. Therefore, there is no need of a rotating nmechanismto rotate

t he object to be

be sinpli

processed, whereby the construction of the apparatus can
fied and the cost can be |lowered. [0016) On the other hand,

there

may be provided, inside the processing box, a holding part which is capable
of holding therein the netal evaporating material so that the object to be
processed can be disposed at a distance from the netal evaporating
[op1thi s case, depending on the area of opening in the holding

mat eri al .
part, the anount of evaporation of the nmetal evaporating material can

advant ageous|FhdBoREhH Ha@l mah bOBkpbsed B8 shaldivhdl BAfHe ?ﬁiée@ﬁngib%ﬁ?ﬁed on a

si de wal |

of the procesSsing box in"a manner to encl ose the obj

ct to be

pr ocessech mandRi8d eblobbehebbRrit habe prédegsdtbl di ng part may be positioned

bet ween obj ects

to be processed that are di sposed in the processing box.

[ 00191 THOOR8AL i ng nmeans conprises a plurality of comruni cati on passages,
and gas passsées in comunication with the copmuni cation passages are

provi ded
f ur nace,

bet

Bribedhae bendg the hakding payh manbe nraitionst ketaresngdiedt ng

and the ga assages are,connected t.o an air-cooling nmeans
conpri si ﬁa%g Rrgﬁe%ﬁatgaﬁéﬁ‘?gb?(?ﬁ%b% 1¢ RTRERSSIBG PO%r cul at i ng ?he gas in the

space on

t enperat ure,

cooled at a dpgd 1RHtiBGOA9s SRESSises a plurality of communication passages,

and gas passages in communication with the communication passages are
provided between the heating means and an inner wall of the processing
furnace, and the gas passages are connected to an air-cooling means
comprising a fan and a heat exchanger. Then, by circulating the gas in the
space on the inside of the heating means that has been heated to a high
temperature, the object to be processed inside the processing box can be
cooled at a desired cooling speed.
[0020]

In this invention, the object to be processed is a Fe-B-rare earth sintered
magnet and the metal evaporating material is at least one of Dy and Th. It
is thus suitable to cause the metal atoms to adhere to the surface of the
sintered magnet by adjusting the amount of supply of the metal atoms of Dy,
Tb in the vapor atmosphere of Dy, Tb to the sintered magnet, and to diffuse
the metal atoms into the grain boundary phases of the sintered magnet
before a thin film made of the metal evaporating material is formed on the
surface of the sintered magnet.

[Effects of the Invention)
[0021]

As described hereinabove, according to the vacuum vapor deposition

apparatus of this invention, there can he attained effects in that, in a simple

construction, the reduction in cost can be obtained, that the object to be

qﬁgl%ﬁside of the heating neans that has been heated to a high
e object to be processed inside the processing box can be



[00201 In this invention, the object to be processed is a Fe-B-rare earth
sintered nmagnet and the netal evaporating material is at |east one of Dy
and Tb. It is thus suitable to cause the nmetal atons to adhere to the
surface of the sintered nagnet by adjusting the amount of supply of the
netal atons of Dy, Tb in the vapor atnosphere of Dy, Th to the sintered
magnet, and to diffuse the netal atons into the grain boundary phases of
the sintered magnet before a thin film made of the netal evaporating
material is formed on the surface of the sintered magnet. [Effects of the

| vent i 0ol 081 ASHIESELLPA B SHNRLAE B SARILOTL fhE, AGHD vapor

deposition apparatus of this inven ere can I'ned sin

that, in tanficiBhere GORA! rdCERMN, rdh6dREBHAY] Ofhadth theStappaRaff Obt gipged, that
the object to be 8 processed and the nmetal evaporating nmaterial can be

heat ed t @oathimdintetieimpedatiheesofi thda velead theprapoeidiiddsbherd Hals been
apparatus is not contam nated inside thereof and, when the vapor atnosphere
has been fofmoeddbexcheraiber adthe cantherprevantdeflrpmessietiog fheoeve andrihag

therein, and that, the processjng chanber can be appropriately reduced to a
desired pREPIOesSING Gragpbaenn po APREMTAEY wtucerdo prdesitedapess w227 Wth

ref erence .o Figs, rough 4, vacuum vapor processing apparatus 1 of

t he preser{beﬁﬁbj‘gﬁt‘ei%ﬁ agrsgﬂgt%%q @lef ve rming the processing (vacuum
vapor pr o%é%fﬁpg) > in which an object to be processed is heated in a
processi ng chanber to evaporate the netal evaporation material, so that the

ob; B0t 1o be b aeRTEna o e P a, Tl CEPAT VROt bR Bl T
apparatus 1 of the present invention is suitable for performing the processing
(vacuum vapor processing) : in which an object to be processed is heated in a
processing chamber to evaporate the metal evaporation material, so that the
evaporated metal atoms are adhered to, or deposited on, the surface of an
object to be processed, thereby forming a metallic film; and in which, in
addition, in case the object to be processed has a crystalline structure, the
metal atoms are diffused into the grain boundaries at the same time as the
adhesion to the surface of the object to be processed. The apparatus 1 is
used for improvement in the magnetic properties, e.g., of a Nd-Fe-B sintered
magnet.

{0023]

The vacuum vapor processing apparatus 1 has a hollow columnar
processing furnace (vacuum chamber) 11. The processing furnace 11 is
supported on its longitudinal both sides by two leg pieces 12 disposed on the
floor, and opens on one side of a circular shape as seen in side view. This
open surface has mounted thereto a dome-shaped open/close door 13 in a
manner to be capable of being opened and closed. When this open/close door
13 is closed, the processing furnace 11 is hermetically sealed through a
sealing means (not illustrated) which is disposed on an inner periphery
thereof. On an outer periphery of the processing furnace 11, there 1s

provided a connection pipe 14. The other end of the connection pipe 14 is



addition, in case the object to be processed has a crystalline structure,
the netal atons are diffused into the grain boundaries at the sane tine as
the adhesion to the surface of the object to be processed. The apparatus 1
is wused for inprovenent in the magnetic properties, e.g., of a Nd-Fe-B
sintered nmagnet. (00237 The vacuum vapor processing apparatus 1 has a

hol | ow col utmmar processi ng furnace (vacuum chanber) 11. The processi ng
furnace 11 is supported on its longitudinal both sides by two | eg pieces 12
di sposed on the floor, and opens on one side of a circular shape as seen in

Si de i ewon ThirSd (8RS ] 6Ra A IRHRYRG ARSEE!LIA (AR 5haRSK, open/ cf ose

door 13 in a nmanner to be capa bei ng opene cl osed. this

open/ cl oggydgmp, IBfhugef bﬁﬁﬂﬁyaﬂd‘@hé)'lﬂk%.esﬁyng]%éﬂ%ﬂ%cﬂlelg‘a&ﬁnﬂeéﬁﬁﬂ gally
seal ed through a sealing neans (not i1llustrated) which is dISpOSES on an

i nner pemd¢hes h atgsieed at Fhiah thotpeni@sdcpiiciryldis tloeedribegs®cagihgr nace

11, there is provided a connection pipe 14. The other end of the connection
pi pe 14 ifergaceohheat be neduged be aumedrtrausinedumnssymede.g. 11703607 ®@dnduch as a
turbo punpp, cryo-punp, diffuser punp, and the like. By operating the vacuum
exhaust kﬁﬁﬁﬁﬂﬁﬁpﬁew&ti on at which the open/close door 13 is closed, the

pr ocessi n% Oé)grenace 11 can be reduced to a predeterm ned pressure (e.g. 1 X

10-'Pa) a g pt at the pressure. [00241 The processing furnace 11 is

orovi €60 | 1l ISR IR R e TR R AR SRS M 1 e
e T A S e R
mat eri al o2khe Thckfsul didngo Rt descdlbedl hbfeinafier, Un®fa haatingSkecans 2
constituted by a heat generating element 22 which is disposed on the inside of
the insulating materal 21. The insulating material 21 is made up of: a first
part 21a which is hollow and circular in shape and is disposed coaxially with
the processing furnace 11 with a circular one side surface, as seen in side view,
left open; and a second part 21b which is mounted on an inner surface of the
open/close door 13 and is designed to close the opening surface of the first
part 21a in a closed position of the open/close door 13. A space 23 enclosed
by the insulation material 21 is thus defined inside the processing furnace 11.
- The first part and the second part 21a, 21b are respectively formed as
reflecting surfaces enclosed by the insulating material 21 inside the
processing furnace 11. The heat generating element 22 is an electric heater
which has a plurality of annular filaments 22a arrayed in the longitudinal
direction of the processing furnace 11 at an equal distance to one andther.
Each of the filaments 22a is supported by a plurality of projected pieces 22h
which are formed on the inner wall of the first part 21a in a manner to be
projecting radially inward.
[0025)
The processing furnace 11 is provided with a supporting member 15

which enables to support a setting table to be described hereinafter. The

supporting member 15 is made up of: eight supporting bars 15a which are
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part 2l1a which is hollow and circular in shape and is di sposed coaxially
with the processing furnace 11 with a circular one side surface, as seen in
side view, |eft open; and a second part 21b which is nounted on an inner
surface of the open/close door 13 and is designed to close the opening
surface of the first part 2la in a closed position of the open/close door
13. A space 23 enclosed by the insulation material 21 is thus defined

i nside the processing furnace 11. The first part and the second part 21a,
21b are respectively formed as reflecting surfaces enclosed by the

i nsul ati rj [ NS} ng funnace 11. The heat

generati E’goe éar%}lelnr?lt‘gé]l;oyé aﬁgg} tgﬂ(@?rhlo Q{O e%t%1 z#acgv%ﬁgﬁ %%)ge%snﬁ 3}15?%%1]&

annul ar '@@p : : LLtdhe | i e [ fqb:

pr ocessi f'r%{f ur ng%ee%%%lgﬁlﬁgﬁﬁ%tﬁgl 2!(}i’ sfi ItIl gﬁ%g&;%bgﬁguggﬁ cﬁ%& .I%IBE@c]%ﬁg?e t he
filament gve2ehd srontRpAstEdhb)wad fippoatinkbael 18hAHeE 1RMnBitasasicR2Rhehi Ch are
formed on the inner wall of the first part 2la in a manner to be projecting
radi al | yinnhalehgitiing) dirébigomr ocessi ng furnace 11 is provided with a
supporting, menQer 15 which enables to support a setting table to be

descri bed H&%lnafter. The supporting nmenber 15 is made up of. eight
supporting bmjs 15a which are 10 ected in two roqws fromthe bottom

o
surface of tHAIFHBERHY %m%e@%ﬁlorx%ﬂww@a atp &oh pmymadectlianl 21
and four _suppofti | ates 15b t.o bridge, over ;the.front ends of the two
Support1 RITBRPLs dinBh8 i areay Pedns dep1afh Erottriss] & Broftreing ook

di ti : I t C I | at
150 1 s maguRpEdho hEMSERIRABRNCE | THR AR el R SIRRRL LIS B i ey
of procegsidenPeX83 inrycam® dteudterdas Glisi dasthvreanatibrht @trenkiile wHikei Ng
surface is provided wwth an opening 31 in honeyconb structure so as to have
suf fi ci eehabhngngtleanht @rocessing boxes from the entire circumference. In this

case, the setting table 3 is freely put into, and put out of, the processing
furnace 11 through a fork-shaped transfer unit T as the transfer means
having a known construction (not illustrated).
[0027]

Ag shown in Fig. 4, the processing box 4 to be placed on the setting table
3 is a box which is made up of a box part 41 which is rectangular
parallelepiped with the upper surface left open, and a lid part 42 which is
capable of being attached to, and detached from, to upper surface of the open
box part 41. Inside this processing box 4 there are placed a metal
evaporating material V to be appropriately selected depending on the desired
vacuum vapor processing and the object to be processed S. On an outer
periphery of the lid part 42, a flange 42a which is bent downward 1s formed
over the entire circumference. When the lid part 42 is mounted on the upper
surface of the box part 41, the flange 42a is fit into the outer wall of the box
part 41 (in this case, vacuum sealing such as metal seal is not provided) to
thereby define a processing chamber 40 which is isolated from the processing
furnace 11. Then, when the processing furnace 11 is reduced to a
predetermined pressure (e.g. 1 X 10~ ° Pa) via evacuating means, the

processing chamber 40 is reduced to a pressure that is higher by half a digit
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enabling to heat the processing boxes fromthe entire circunference. In this
case, the setting table 3 is freely put into, and put out of, the processing
furnace 11 through a fork-shaped transfer unit T as the transfer neans
havi ng a known construction (not illustrated). [00271 As shown in Fig. 4,
the processing box 4 to be placed on the setting table 3 is a box which is
made up of a box part 41 which is rectangular parallelepiped with the upper
surface left open, and a |lid part 42 which is capable of being attached to,
and detached from to upper surface of the open box part 41. Inside this

processi@g, bgx. 4ohep) ar epl.aged %q”ﬁ%ﬁgggﬁglgg%%&ﬁ&ﬂ%”@fg%% a%sr o2 _Pe

appropria y sel'ect ed ‘'depénding ’‘on vacuu essi ng and

the obj §Gdcek)e ANIOTRE SPMcBssif? Bk Widh gBE%&\)}éﬁ?&t{% %Ye LBRubdfl tBaRL 42, a

e
fl ange 42a which i's bent” downwafd i's forime entire circunference.

When t hgyretldtdiaiihed ZabGuiPpfisedren TnhethdPR&rds SevdndsRe0thd Beagipytipart 41,
the flange 42a is fit into the outer wall of the box part 41 (in this case,

vacuum sdathegnstaddheesporatalg sealeriaed Wothapr beémefiished, tther phyegdfigne a
processing chanber 40 which is isolated fromthe processing furnace 11.
Then, wrdamber 40 savdyi mylvced Hace pradétermantrt pressura wiphetetading oatl pressure
(e.g. 1 JIE -.s Pa) via_evacuating neans, the processing chanber 40 is

r educed %Fkgs]%(lﬁ”éaﬁﬁgt is higher by half a digit 11 (e.g. 5 X 10 - 4
Pa). Ther ngf an additional evacuating neans is not necessary, and the

pr ocessi r@ 4 can appropriately be reduced to a predeterm ned vacuum

pressure. | ”I‘Ii’a% R8Ty {9?%he"]%1§g%£ﬁl§ﬁ:§%§1§afe?z’ﬁﬁ)gﬂr alt! lbh Batt ?:ﬁ]éiﬁlei?ﬁ%,o can be

evaporating materia _ has _ processi ng [
reduced do@srlcPARORIREMNREH REE TR O HNBItaT Bthptdalitle naleriRERL ithg box 4 at

At O%iiéorated metal atoms are supplied to the sintered magnet S directly or by
repeating the collision from a plurality of directions. The thickness of the
wall of the box part 41 and the lid part 42 is set such that they are not
thermally deformed when heated by heating means to be described
hereinafter. The box part 41 has formed therein a bearing grid 41a which 1s
made by disposing a plurality of wire members (e.g., ¢ 0.1 to 10mm in
diameter) into grid at a given height from the bottom surface. A plurality of
objects S to be processed are put in position on the bearing grid 41a.

[0029]

According to this arrangement, only by placing the metal evaporating
meterial V on the bottom surface of the box part 41, the object S to be
processed and the metal evaporating material V can be placed separate from
each other. In addition, the metal atoms evaporated from the metal
evaporating material V located on the bottom side of the object S to be
processed are supplied substantially to the entire surface of the object to be
processed either directly or by repeated collisions from a plurality of
directions. Therefore, the processing box 4 r'1eed not be rotated. Further,
since the processing box 4 is constituted by the box part 41 and the lid part 42,
the construction of the processing box 4 itself becomes simple. When the lid

part 42 is removed, the upper surface is left open. As a result, the metal

12



The vol une of the processing chanber 40 is set such that, taking into
consideration the nean free path of the netal evaporating material V, the
evaporated nmetal atons are supplied to the sintered magnet S directly or by
repeating the collision froma plurality of directions. The thickness of the
wal | of the box part 41 and the Iid part 42 is set such that they are not
thermal |y defornmed when heated by heating neans to be descri bed

herei nafter. The box part 41 has formed therein a bearing grid 41a which is
made by disposing a plurality of mﬁre menbers (e.g., 0.1 to 10mmin

of oy ebTebalyyaBi LabF YRS § I E‘%%?%e%%’é i Ere%gﬁwg B s 10
(00292 ﬁ@&%ﬁ%ﬁ%u‘g%ftﬂ{esb@i 53POSTETTn (B oY aBldoh Rl Eh hoypPOT at i ng

nmet eri al on ott om sur ace of 0X part to be

processeh ahdck AE1HRE 8he %ﬁppécaithﬁﬁng%@félﬁlthy &3l Q%aﬂéx%%ﬁ% ﬁl%@@xﬁélt e from
each other. In addition, the netal atons evaporated fromthe netal

evapor at Vigndrehieeohjatt &/ th beatreckxead ihpubditopanditdRewbut BE thbjpe6desSinco be
processed are supplied substantially to the entire surface of the object to
be procBewede el heFhelief@es Itherr ibyno epedt el acoldchantms for gputing, wral ity of
direction Therefore, the processing box 4 need not be rotated. Further,

since t hialipaciesohigethd ko beiprogessediintyy, é‘é}ldb%ﬂtt(?feﬂ[lﬁ)nr%ﬁ%lﬂgi)oérfh(ltehe lid

4 T A A BRGS0, L PGB ™
| t | t Vi a

SRR TR e N AT B, 1,

this casgqdigid@ifhn %xﬁﬁgf@ménteg%an@% thidt %ﬁﬂaﬁ%y bﬁgfadcegﬂﬁg%eé

containing thefein the netal evaporating materi al e object Sto be

processeghn Be pdusédtzolargd dmiakgofobiects S tolte poecssdidag bd prdeasedlal.
Therefore, there is no need of a nmechanismfor putting, or
the same time, thereby attaining a high productivity.

(0030]

By the way, when Al2O3 which is ordinarily used in a vacuum apparatus
in general is employed as the processing box 4, there is a possibility that Dy
in the vapor atmosphere and AlyOsreact with each other to thereby form a
reaction product on the surface thereof and that the Al atoms enter the Dy
vapor atmosphere. In addition, in order to evaporate Dy and Tb, it is
necessary to heat to a temperature of 300°C or more in vacuum. Therefore,
if carbon is used like in the conventional electric furnace, there is a problem
in that the furnace is contaminated inside by sublimation of carbon, that
metal evaporating material V such as Dy, Th, Si and the Like reacts with
carbon, or that water and hydrogen coming out of the object S to be processed
react with carbon, whereby the reproducibility of the attained temperature
becomes poor due to the heater’s own rapid getting thinner.

(0031]

In the example of the present invention, all the constituting parts
present inside the processing furnace 11 such as the parts to constitute the
processing box 4, the insulating material 21 and filament 22a to constitute

the heating means 2, and the setting table 3 inclusive of the supporting
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taking, the object S to be processed into, and out of, the processing box 4
(i.e., box part 41) within the processing furnace 11. The vacuum
evaporating processing apparatus 2 itself can thus be nmade sinple in
construction. In addition, if an arrangenent is made so that a plurality of
processi ng boxes 4 can be housed, a | arge anmobunt of objects S to be
processed can be processed at the sane tinme, thereby attaining a high
productivity. [0030) By the way, when A1203 which is ordinarily used in a
vacuum apparatus in general is enployed as the processing box 4, there is a

i bil]j t ' t t._with h oth
!to gsts Ihelr eg{/ey?%ir% }ig?yﬁlééac% %{P)eﬁ Ogr 0 Lc?x ng ﬂgrtgyﬁlgc@}%ﬂg?’ég ’a‘ﬁyg‘le%’h%%af heOAI °
at ons enpicebdlBePox 4/AINa180 TOIRARLS evaPoRddithbRiin thB Iﬂét%? bvhPo2YAROT ate Dy

and Th, 1t is necessary to heat to"a tenperature of 9001C or norein

vacuum e EhDM the idthe@abiifs icanUse @révdifed Tréh erteringnt iCandhe eklst ri C
furnace, there is a problem in that the furnace is contam nated inside by

subl i mat hand oincarthenpraceagingnieixald mvabar sitiple coastmiceibn \(ssbstaramiBy, Th, Si
and the like reacts with carbon, or that water and hydrogen com ng out of
the obj etealel congaugiepaaswhich theckid warh 4848 pasedwetisbyppereswedpecelici bil ity

o R TR RO e BB aAT he
const 1 UL aOnPAL LS RAESED o B8Rt B hR AT AR BT SShe U RS, 0
filament 422ap1,Q,0¢0RSLhEd kRe ihEgal hﬂ&eff%?@ﬁ Znd %QQ ée?ﬁﬁg%lklé"@ le 3

inclusive of the supporting 13 merbers are made o ccording to
this arrgpgenshMo, WheR wile nddr @ees Siitl texXnftils chgairatinkonidteriebythevapor at e

therein the nmetal evaporating material V, the other atons can be prevented
from entsrcongry Of thiee nodthbrevaporating material V adhered to the insulating
material 21 becomes easy. This i1s particularly effective with metal
evaporating material of Dy and Tb that are particularly scanty as natural
resources and cannot expect stable supply.
[0032]

Further, since the filament 22a is also made of Mo, even when the
processing chamber 40 is heated to a high temperature of above 1000C, there
is a high reproducibility of the reaching temperature. Due to the fact that
the thermal efficiency becomes high by heating the processing box 4 by
operating the heating means 2 after the processing furnace 11 has been
reduced in pressure, and due to the fact that the processing chamber 40 is
indirectly heated through the wall surfaces of the processing box 4, the
processing chamber 40 can be substantially uniformly heated at a short time
with a good reproducibility.

(0033]

In the example of the present invention, although the constituting
parts are made of Mo, any material will be acceptable if the processing box
can be heated with good reproducibility and does not react with the metal
evaporating material. For example, it may be made of an alloy containing at

least one of stainless, V, Ta or Mo, V, Ta (including rare earth elements added
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hand, since the processing box 4 is of a sinple construction (substantially
seal ed construction) in which the Iid part 42 is placed on the upper

of the box part 41,

atons leak into the outside through a clearance between the box par
the Iid part 42. However, since the insulating material 21 and the
table 3 are nade of Mb, they will not react with the netal evaporat
material, the recovery of the netal evaporating material V adhered

insulating material

% 3'; . SR i D e M. ol ko ath cpydy or ooes O rlercarh
the filanent

heated to a

 epr oduciphcrlals o okl GO Bl STELHUES) oBUG bAet IBgct that

t her nal

efficiency becones at1ng the processing box 4 by

surface

there is a possibility that part of the evaporated

t 41 and
setting
I ng

to the

21 becones easy. This is particularly effective with

y as
si nce

R R

he

oper ati ngl[obgsheating neans 2 after the processing furnace 11 has been
reduced in pressure, and due to the fact that the processing chanber
i ndirectly hédteethstubsiongmateeiabd 1l mayrbacastithtédby pladass phudadixy 4f t he

processi ng chanber 40 can be substanti all

40 is

uniformy heated at a short tine

with a gevsilpsipgodatdralsiatys given3dace fhetredewtesipl dnothis kesehysmakingivent i on,

al t hough the constituting arts are nmade of M
accept abloggf Ffﬁ g’&t%fd

¢ HENEY PR Sisijating masTiplet

e made. ey Eythemadpii RBIE makRtcy pie HMS e BE T B . v
Ta (incl léﬁhggigmgﬁy %ﬂ%%@g&%@ﬁggﬁ Be ﬁféﬁ?ﬂed b4 MR 1ahbO¥%ardr tRAR4 AR AL

the |ike),

I~ oxi re ea
furnace 11. In the example of this invention, a description has been made of

an example in which the lid part 42 is fit into the upper opening of the box
part 41. However, without limiting to the example, there may be employed
an example in which the upper opening of the box part 41 is covered by Mo
foil so as to define a processing chamber 40 that is isolated inside the
processing furnace 11.

(0035]

In case the vacuum vapor processing apparatus 1 is constituted as
described above, the speed of temperature drop in the space 23 enclosed by
the insulating material 21 i1s low and, therefore, it takes time to take out the
processing box 4 that has been processed. As a solution, there is provided a
cooling means inside the processing furnace 11. This cooling means is made
up of: a motor 52 which is disposed inside a housing chamber 51 formed in a
projecting manner on the side opposite to the open/close door 13 of the
processing furnace 11; a fan 53 which is of a known construction and which 1s
mounted on a rotary shaft 52a of the motor 52; and a tubular body 54 which
is elongated from the housing chamber 51 to the neighborhood of one side
surface of the first part 21a of the insulating material 21, while enclosing the

circumference of the fan 53. In this case, it is so arranged that a coolant

any material wll_be

Mg miakgodhe rest sauchsi | ity

| oy, and

(cooling water) can be circulated along the wall surface of the tubular body 54.
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el ements. They may be constituted by a product in which a filmof these
materials is formed on the insulating material as an inner lining. [00341
The insulating material 21 may be constituted by placing a plurality of
insulating materials at a given space therebewteen. In this case, by naking
only the innernost insulating material to be of Mo make, the cost can be

| onered. Further, a foil of Mo make or a plate of Mo nmake for preventing the
adhesi on may advant ageously be nmounted on the inner wall of the processing
furnace 11. In the exanple of this invention, a description has been nmade of

in which the lid part 42 is fit. into th ing of the b
part a1 e EDRPL Bt oo R PR Rifettiof hedkebebHReHE o may be empl oyed an

exanple in bgh the upper opening of the box part 41 is covered by M foil
so as to define a processing chanber 40 that is isolated inside the

processi ng f gy ARE Firdd patOL3P the 's@ccﬁf@ﬁaﬁt@la\,’%%Wt‘ﬁ@ﬁﬁéu]&%ﬁ%%%itéﬁalappar at us
1 is constituted as described above,” the speed of tenperature drop in the

space 232trhkes ede dyrmefien phstdlfyi ofosqrairer dpphnigds 55aliovwa andnnthes dfcore, it
takes tine to take out the processing box 4 that has been processed. As a
sol ut i onppprdeeteetd sagh otheled Gn apobitergperpheryi hsémef therep ave dsgnerdy af ur nace
11. This cooling_ means is made wup of_ a notor 52 which is disposed inside a
housi ng ehaabEy obqomarunigation Rassagssddh dganeanal distaneectosorpanpihesi te to

t he openﬁcl ose, door 13 of .the processi gg furnace 11; a fan 53 which is of a
known coft@fR (& ORI AN PARRAEREAOB NSal} GBI UBHMIONS 3t 8ashe ot or

22, 200 ReSat e A, LSl | BB BIOTEC RV B R SRgP e o1 T
el i 01l &y el s gL one g RS fon 55 10
circul at eshrlceitd Hige valbhlag Wodgcme ahdtihe dthbrlead dfodhy &b passage 56 is

left open. According to the arrangement, the gas can be circulated in the

space 23 by operating the motor 52 to rotate the fan 53, whereby the

processing box 4 can be arbitrarily cooled.

[(0037]
Therefore, it becomes possible, for example, to perform anneal

processing by slowly cooling the object S to be processed after processing it at

‘a high temperature, or to perform quench processing of the object S to be

processed by rapidly cooling after heating to a predetermined temperature.

In case a square opening 55a is provided in the insulating material 21, there

is a possibility that the heating efficiency becomes poor and that part of the

evaporated atoms are emitted into the processing furnace 11. As a solution,

the square opening 21c is provided with a reflector plate 21c which lies in

close proximity thereto and which has an area larger than the square opening

55a. The reflector plate 21c is also made of Mo with a reflecting layer

formed on the inner surface.

[0038]
The processing furnace 11 is provided with a gas introduction means 6

which enables rare gas such as Ar and the like to be introduced therein. The

gas introduction means 6 is in communication with a gas supply source and
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15 The tubul ar body 54 serves the purpose of a heat exchanger. 10036] In
the first part and the second part 2l1a, 21b of the insulating nmaterial 21
there are fornmed a plurality of square openings 55a in a manner to lie
opposite to each other. On an outer periphery thereof there are forned a
plurality of communicati on passages 55b at an equal distance to one another.
Each of the communi cation passages 55b is in comunication wth gas
passages 56 which are di sposed between the inner wall of the processing
furnace 11 and the insulating material 21. One end of the gas passage 56 is

connect e o the tubular.pbody 54 and th her .end o he .gaspassage 56 is
| ef t opeﬁ%’té c%%% Bf%egblhow tﬁea é??sasn 8%%@%@% ]d]ﬁgrpcogﬁat}%le ("flﬁ(:ul et n the
space 23: ' . t ) I
opace Zoulo@RLa IRGLNEIRLAL e SpEOIAL LR EARGRE RDAPRI B
possi bl eArfols i@ﬁﬂ%d@ce&%ﬂ%@rﬂ}férdﬂa&ﬁﬁﬁﬁﬂapoia&a%&%ﬁr{%h% hebRWeyforaRld ng the
object S to be processed after processing it at a high tenperature, or to
per f or m fyuren plte dutenmbsddgexibd tofieimbj acthdebp step epapeesikedobthe apital y
cooling after heating to a predeterm ned tenperature. In case a square
openi ng &&parstipgoviatiyali Vi t Hetherprocasding foenanei Bl i9teduchdna piessare
possibiljty that the heating efficiency becones poor and that part of the
evapor at B Ustagéhe VacBRM PEPIIRLIES Meaps cikgsthegevaparatienial thesmgtalol uti on,
|, at lc.which lies in

E:IhgsZqg?%%ﬂ%&f%}@%&%@éélgﬂg{ﬂ%ﬁ%%dﬁ%@tpgﬂ? Q;E‘gfﬁjl"qe(\%t?g‘r@gp“th?ﬁ%b%rh 0563 e opening
P AL Ao PL 0B S PR BB, BRSPS
With a ggpnbRilyUedir aiipRans 6
(0039]
In the example of this invention, a description has been made of an
example in which the lid part 42 1s fit into the upper opening of the box part
41. However, without limiting to the example, there may be employed an
example in which the upper opening of the box part 41 is covered by Mo foil
so as to define a processing chamber 40 that is isolated inside the processing
furnace 11.
(0040]
In the example of the invention, a description has been made of an
example in which a bearing grid 41a is provided in the processing chamber 40.
Without limiting thereto, another example may be employed in which the
object S to be processed and the metal evaporating material V are disposed
apart from each other within the processing chamber 40 so that the metal
evaporating material V can be prevented from getting adhered to the object S
to be processed and so that the evaporated metal atoms can be supplied to
most of the surface of the object S to be processed. In addition, although a
description has been made of an example in which the heating means 2 is
provided inside the processing furnace 11, anything else is acceptable as long

as it can heat the processing box 4 to a predetermined temperature; the

heating means may be disposed on an outside of the processing box 4.
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whi ch enables rare gas such as Ar and the like to be introduced therein. The
gas introduction neans 6 is in comunication with a gas supply source and 16
has a gas pipe 61 with a mass flow controller interposed therein. The gas

i ntroduction nmeans 6 is used when a predeterm ned anount (e.g., 10 kPa) of
Ar gas is introduced after the vacuum vapor processing has been perforned
for a predeterm ned period of tine, to thereby stop evaporation of the netal
evaporating material V. |If the processing furnace 11 is reduced in pressure
by using the vacuum evaporating neans after the evaporation of the netal
evaporat i terial V has been stopped, the processi ng chanber 40 can be
reduced in préssure to a pressure whi ch is higher than the processing

e T TRRth o Rbin Andigle! 5 BOGRIR 7 fh DRt ARERY it e

i nvention, a description has been exanpl e

42 is fipddifi®stiffacePRes of RS inftaDEvAirabiove MakdriadV.is HayaV 86 thid firout
limting to the exanple, there may be enpl oyed an exanple in which the

upper opemiomgtodi evwepdraxiopact tHd mstat cweperhting Mhatfearid]l cao basrdducddf i ne a
processrn chanber 40 that is isolated inside the processing furnace 11.
[0040)  hplding paxtmpBb 32,1478 wieneromecessebie crpssi sstivasatscerovidade of an

30, W IR FhfoR e he Reth Hhes “Slmil Bie ?a%y” s @qpr%cf Sy FaPAlam; ch t he
oot Sy RuP8 MASERTER AL B2 el BONLALIAS, B St spooe
i i s 30, 1 LB (ORI T
nost of ﬂhﬁsﬂ@rvfrﬁﬂ%o%fs tdBe pBLithed atreuﬁa tReURSES S td Pe peldickb&nthad t hough a

are disposed on the bottom in parallel with each other (see Fig. 5). In this

case, they may be formed into an annular shape so as to extend over the

entire inner wall of the box part 41. The second holding part 432 is disposed

on the bottom in a plurality of numbers at a predetermined distance to each

other, and the objects S to be processed are disposed therearound (see Fig. 6).

Further, the third holding part 433 is suspended from the lower surface of the

lid part 42 (see Fig. 7). In this case, slit-like openings 433a are provided on

an outer periphery of the holding part 433 so that the evaporated metal

atoms can be supplied to the objects S to be processed. In this arrangement,

the amount of supply can advantageously be adjusted depending on the area

of the opening.

[0042]
Now, with reference to Figs. 1 through 4 and 8, a description will be

made of an improvement in the magnetizing properties and coercive force of

the sintered magnet S by the vacuum vapor processing using the

above-described vacuum vapor processing apparatus 1. The Nd-Fe-B

sintered magnet S which is the object to be processed is manufactured in the

following manner. That is, Fe, B, Nd, Co are mixed at a predetermined

composition to obtain an alloy of 0.05mm~0.5mm by the known pre-cast

method. Alternatively, an alloy of about dHmm thick may be made by the
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description has been nade of an exanple in which the heating neans 2 is
provi ded inside the processing furnace 11, anything else is acceptable as
long as it can heat the processing box 4 to a predetermnm ned tenperature;
the heating neans nay be di sposed on an outside of the processing box 4. 17
(00411 Further, as shown in Figs. 5 through 7, in order to arrange that the
specific surface area of the netal evaporating material Vis small so that
the anount of evaporation of the netal evaporating naterial can be reduced,
hol di ng parts 431, 432, 433 which are recessed in cross section are provided
i nside the processing box 4, thereby holding therein bul k-form or granul ar

el evangial L0 RLEr Lalk wEifod! 81l duuRRY CASR By OTEREESH 1 o

| east two 1 n nu an e Istance i n ci rcunf er'ent’i rection of

the side OMahhass easddal PRSI d@Ndhar BUREAtién OPhes theSriadIg:tRrasessed
that are disposed on the bottomin parallel with each other (see Fig. 5).

In this atlapenetibey irmynchegifommdebly ithe keowahydragers hapeling mascdss &xd end over
the entire inner wall of the box part 41. The second holding part 432 is

di sposed thempuleriredthonthayes millipalveriging progatser s at a predet er mi ned

di stance t e@éh other, and the objects S to be processed are di sposed

t her ear oun Q e Fig. 6). Further, the third holding part 433 is suspended

f the | f the |id t 42 Fid. 7). ln. thi ,
Stk opderibiesdRarhebmsntismBiova o biematntidined batofmioi i ng
t 433 - [ bj ect
50 be- Lo hdBia e BARg' L pRTERAne Pt A EANORRRHPR, a3Rcldhtey OBl et
advant agﬁﬁk@l’léﬁoﬁ@eﬁdiﬂé tcoHndepandi ﬁglwaytdmdgaw@gnéﬁc 8 SRetafdn. (£0421

Now, with reference to Figs. 1 through 4 and 8, a description will be nade
of an i mpiamvbepoksibie tdéurthgnémipzrovegthy aperictesprapdrides whieviepdrfsrmgedf
the vacuum vapor processing on the sintered magnet if the sintered magnet S
has been heat treated to remove its strain for a predetermined period (e.g.
two hours) under a predetermined temperature (in the region of 400~
7007C) after the sintering process.
[0044]

It is preferable to optimize conditions in each manufacturing step of the
sintered magnet S so that the average grain diameter has a range of 1 4t m~5
tmor 7um~20 1 m. If the mean grain diameter is larger than 7 4 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 phases is reduced, it is possible to efficiently diffuse at
least one of Dy and Th and thus to obtain a permanent magnet M having a
remarkably high coercive force. If the mean grain diameter is larger than 25
(4 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 the result of which the maximum energy product,
remanent flux density and the coercive force are reduced.

[0045]

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

the rate of single domain grains is increased and, as a result, a permanent
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the sintered magnet S by the vacuum vapor processing using the
above-descri bed vacuum vapor processing apparatus 1. The Nd-Fe-B sintered
magnet S which is the object to be processed is manufactured in the

foll owi ng manner. That is, Fe, B, Nd, Co are m xed at a predeterm ned
conposition to obtain an alloy of 0.05nm-0.5nmm by the known pre-cast

nmet hod. Alternatively, an alloy of about 5nmmthick nay be made by the 18
known centrifugal casting nethod. A small anmount of Cu, Zr, Dy Th, Al or &G
may be added therein during the fornulation. Then the manufactured all oy

nmenber is_onc round by +he known hydrogen,gri,ndin ess and then

pul veri zz%a%e%t B et Y | B, FRPEFVG; 50%8%%éjgsqb ﬁf%ﬁﬂﬁﬂt%‘% nmagnet
ment i onefaiﬁﬁgv& 158 Do B 261 [@ﬂmgythfeogﬂéﬁﬂ% uhlfy 58{:&[}3 é@ﬁﬁh‘d&kdto C
predeterm ned configuration such’as a rec anguPar ar a e?oplpe or a

cylinder chmpdicBRdd thy t‘i‘ﬁlie%q’iﬁ?x%ﬂeﬁ)ﬁ"Cpefrfcﬁ'!nﬁn%rﬂh%”&ﬁfdsﬁf%g%cesWuﬁeb@os5i bl e
to further inprove the nagnetic properties when perforned the vacuum vapor

processi egtiemdlhexsémdet add thasaheifrodbetisitntie vasdsorghet ASthbasnteesh heat
treated to renove its strain for a predeterm ned period (e.g. two hours)
under a pragietdy,nihectnabBepthatmoantiof dxieen egnemtpthedBi'gEr hécOh@) thd t er t he

sintering pr cgazf [_00;1%1 It is preferable to optim ze conditions in each
manuf act P4 ok dlfnsien ohdy andty aatonEipnatais hemndagy phiesesv eFhgpefepeai n

di t h f 19 -5 . Ji 71i -201-. in. If i
O 2t ot B2 GpdTeSa e % Sl 5, 50 o bl S 55, 2 20"
ur 10 Res PGy EhOOMMRSHLE Ly IGSSRSB80 I SEOree O

phases is[m@gjced, it is possible to efficiently diffuse at |east one of Dy
and Tb and thus to obtain a permanent magnet M having a
It is possible to use as the metal evaporating material V an alloy

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

[0047]

Then, the sintered magnet S manufactured in the above-described
method is placed on the bearing grid 41a of the box part 41, and the Dy which
is the metal evaporating material V is placed on the bottom surface of the box
part 41 (as a result, the sintered magnet S and the metal evaporating
material V are disposed apart from each other in the processing chamber 40).
In this state, the lid part 42 is mounted on the open upper surface of the box
part 41 and is then placed on the setting table 3. By operating the transport
means the setting table 3 is housed by means of the fork-shaped transport
part T into the predetermined position in which a position in which the
setting part 3 is supported by the supporting members 15. Then, when the
open/close door 13 is closed, the processing furnace 11 is hermetically sealed.

The processing box 4 is positioned in the space 23 to be enclosed by the
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remar kably high coercive force. If the nmean grain dianeter is |larger than 25
um the rate in the grain boundary of grains including different grain
orientation in one grain is extrenmely increased and the degree of
orientation is deteriorated and as the result of which the maxi num energy
product, remanent flux density and the coercive force are reduced. [00451
On the other hand, if the nean grain dianeter is smaller than 512 m the
rate of single domain grains is increased and, as a result, a permanent 19
magnet having very high coercive force can be obtained. If the nean grain
di aneter is snaller than 1 m since the grain boundary becones small and
conpl i cateylating mﬂwlﬁle%ﬂums&? ?@P%@%%ﬁﬁ%ﬁ@lﬁt%é see fegnd arbdkss nust be
extrenely[ﬁﬁ% nded and thus the productivity is worsened. As the sintered
magnet S smal | er the anmount of oxygen content, the |arger becones the

She oxygen coltunrift it hlhbe LS 9B %%%@ﬂ@;yabﬁo“%%%%%?é store,
pr ef er ably. beloWs 2060 p@mP@nﬁa%%vgéﬁ %é’a&%edtﬁwé%%sﬁ&%hiﬂ It is

possible 'to use as the netal evaporating terlal alloy” 1 ncluding at

| east oneQofs Bya@ndedbto @Mprdsatitey thaP i HipBet b6 BRE A dEghet Whenabhs Ot r opy
of principal phase. In this case it may be possible to include therein Nd,

Pr, Al, Q@uoceSaing chambenrifehas achehddar pradetaveintedeprsencd, whef beaténg | n
addi tion the nmetal evaporating material V is made as a bul k-form al | oy
for nul at &eeaans 3 iprasentadiin dgakithe rrgf0¢%asmg &8 healVdenethy tempalfatur@ furnace

and then.arranged in the p SSi chanb descri bed bel 0047) Then,
the sint &page ar%pC@Sh%eﬁﬁ@%r 4403 FrehsdR DTRRRlET (RPRBHS pl aced
on the b%@r L9 'pc%eg'sllﬁ'eOfD3; rEﬁspo%)éd PsH tthg' 1ltiot’fflond éur?‘ac%/ o}‘\’qzhg’ processing
chamber 40 is heated to substantially the same temperature to thereby start
evaporation. A vapor atmosphere is thus formed inside the processing
chamber 40. When Dy starts evaporation, since the sintered magnet S and
Dy are disposed at a distance from each other, there is no possibility that the
melted Dy directly gets adhered to the sintered magnet S. Then, Dy atoms
in the Dy vapor atmosphere are supplied, directly or through collision, toward
the surface of the sintered magnet S that has been heated to substantially the
same temperature as Dy from a plurality of directions, and get adhered
thereto. The adhered Dy is diffused into the grain boundary phases of the
sintered magnet S, thereby obtaining the permanent magnet M.
(0049)

In vacuum vapor processing, in order to improve the magnetic
properties and production efficiency, it is preferable to attain a uniform
diffusion into the grain boundary phase of the sintered magnet before the
formation of the thin film on the surface of the sintered magnet S. For this
purpose, it is preferable to dispose Dy in bulk state (substantially spherical)
which is small in surface area per unit volume (specific surface area) at the
bottom of the processing chamber 40 so as to reduce the amount of
evaporation at a predetermined temperature. In addition, it is preferable to

control the heating means 2 to set the temperature inside the processing
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is the netal evaporating material V is placed on the bottom surface of the
box part 41 (as a result, the sintered nagnet S and the netal evaporating
material V are disposed apart fromeach other in the processing chanber 40).
In this state, the |id part 42 is nounted on the open upper surface of the
box part 41 and is then placed on the setting table 3. By operating the
transport neans the setting table 3 is housed by neans of the fork-shaped
transport part T into the predeterm ned position in which a position in
which the setting part 3 is supported by the supporting nenbers 15. Then,
when the _open/close dqaor 13 is closed, the processing furnace 11 is

her met i c &haipbes 20dd. 800 e Hiytesprafgraldy WO ~pOG diudesamplecatpace 23 to
b | d by the. 20 i | at i terjal 21 jnsid i f

1T Coee Egettatutpingile R pater o e of o20dT {000 nahe SaAnREEy acual od
t ] .. -5 P i ti th

b ocens: AabehEhBSHre BEBYBEomtE abant 15 1P o el kL B, & e higher by hal f o

digit). V\b%mhe processi ng chanber 40 has reached a predeterm ned
pressure, the heating nmeans 2 is operated to heat the processing box 4.

Wien the temperipeUt&mpbifivgde ihehPr pEResiing chatiper 40 Gasndsaabetha
predeterm ned tenperature at reduced pressure, Dy di sposed on the bottom

surface bbating {Enopassing of chawbed MAgnst Beakddwieo s 8001 alliffusidie same
tenperature to thereby start evaporation. A vapor atnosphere is thus fornmed
i nsi de t MelopitBcdsidy rjomshdennsitedon Ve sutface tofi ststored poagudtod inki thee t he
sintered magnet S and. Dy are di sposed at a .distance fromeach other, there
i s no poSEUH; tqundary nhasge 1s gagneasebpndithsdf j5 gepessibisdeanake thedsi ntered -

S..Th i h uppl i di I
or b oudioeier o BY oAIE A BiROMAAPHRY BFOERBUG] ARG E MagRBRIE hat has
been heabagldOostihStiafihialhehies AR (HETRSH M & AfmRd &f BR Gulthdy 11V of

directio nd get
of sintered magnet S. On the other hand, if the temperature exceeds 1050C,

the vapor pressure of Dy is increased and thus Dy atoms in the vapor
atmosphere are excessively supplied onto the surface of sintered magnet S. In
addition, it is afraid that Dy would be diffused into grains and if so, since the
magnetization in the grains is greatly reduced, the maximum energy product
and the remanent flux density are further reduced.

(0051)

In order to diffuse Dy into the grain boundary phases before the thin
film of Dy is formed on the surface of sintered magnet S, the ratio of a total
surface area of the bulky Dy placed on the bottom surface of the processing
chamber 40 to a total surface area of the sintered magnet S placed on the
bearing grid 41a of the processing chamber 40 is set to be a range of 1X1074
~9x10°% In a ratio other than the region of 1 X107 *~2X10° there are
cases where a thin film of Dy and Tb is formed on the surface of sintered
magnet S and thus a permanent magnet having high magnetic properties
cannot be obtained. In this case, a preferable range of the ratio is 1 X1073~
1X10%, and more preferable range is 1 X107 ~1X10%,

[0052]
This enables the amount of supply of Dy atoms to the sintered magnet S
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thereto. The adhered Dy is diffused into the grain boundary phases of the
sintered magnet S, thereby obtaining the permanent magnet M [00491 In
vacuum vapor processing, in order to inprove the magnetic properties and
production efficiency, it is preferable to attain a uniform diffusion into
t he grain boundary phase of the sintered magnet before the formation of the
thin filmon the surface of the sintered nagnet S. For this purpose, it is
preferable to dispose Dy in bulk state (substantially spherical) which is
small in surface area per unit volune (specific surface area) at the bottom
of the processing chanber 40 so as to reduce the amount of evaporation at a

predeterm ned tenperature. ln addjition, it is preferable to ontr,ol the
heat i ng ﬁ&egﬁs&)‘?m Sséegt &Fﬁgott@ﬁpree?dé’tc&pg ?fln@Tedga]? ePHFSUES &nfe2 2% er 20
to 800" C S SEN o b N o : M&rature

i nsi de tﬁe i;%r gcﬁggs%%&% a%g?}pg%%éag%?%fggg% %ﬁﬁgasasbc?{atvtggﬁlt\#agor pressure
of Dy begeimbsradd@diic 96 hkAting Jf the kontePdd mAMRD in AfhrbfiGebSMRET Bltte I N the
processi ng chanber 40 (accordingly the heating tenperature of sintered
magnet Spf tesnpanaturd Warh 80KGhg dhé hustaye gragh déimyteafof Bynteiedmdeeed t ed on
the surface of sintered magnet S into the grain boundary phases is

decr easetb dmd ingludelt in sa i pyedstinphimetioramge AheorDynglat tnss tpossiblei fof used and

hom)geneo&,sl_y &enetrat ed into grain boundary phases_of the sintered nagnet
S bef or eCHKERY ﬁnflihcrmgeﬁw&g'ddkfﬁmﬂ@%aenﬁf@@te the Ehnpores depegtad S. On

(he, oL TR ke %) SRS e excesds 1070, | Lhe vanar prceaure of DY
e (CRR LT R I E R S N
the grai gadifsrg’ &/l Dy [84Y0eRn fing) T PUN HNHIY REARYSH is possible to

prevent the surface of permanent magnet M from being deteriorated and the

Dy atoms from being excessively diffused into grains near the surface of

sintered magnet. In addition, it is possible to obtain a permanent magnet M

m which excessive diffusion of Dy atoms into grain boundaries near the

surface of the sintered magnet is restrained, which has high magnetic

properties with effective improvement in magnetization and coercive force

with Dy-rich phase (a phase including Dy in the range of 5~80%) in the

grain boundary i)hases and, in addition, which i1s superior in productivity

without the need of finish working,

[0053]

When the manufactured sintered magnet is formed to a desired
configuration by wire cutting, the magnetic properties of the sintered magnet
would be sometimes extremely deteriorated due to generation of cracks in
grains in the principal phase of the surface of sintered magnet. However since
the Dy-rich phase is formed inside of the cracks of grains near the surface of
the sintered magnet by performing the vacuum vapor processing, the
magnetizing properties and coercive force are recovered.

[0054]
Cobalt (Co) has been added in the neodymium magnet of the prior art to

prevent corrosion of the magnet. However, according to the present invention,
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and the remanent flux density are further reduced. [0051) |In order to
diffuse Dy into the grain boundary phases before the thin filmof Dy is
formed on the surface of sintered nagnet S, the ratio of a total surface
area of the bulky Dy placed on the bottom surface of the processing chanber
40 to a total surface area of the sintered nagnet S placed on the bearing
grid 41a of the processing chanber 40 is set to be a range of 1 X 10-4 -2 X
10 3. In aratio other than the region of 1 X 10- 4-2X 103, there are cases
where a thin filmof Dy and Tb is fornmed on the surface of sintered magnet
S and thus a pernmanent magnet having hi gh magnetic properties cannot be

obt ai ned.singe tHysidusphase phafiegatExéranaelye loght lverwatono fesistaed Oaad 1X103,
and nore preferable range is 1X102-'1X102. [0052) . This enabl es the anount
of suppl EtBOSPRese sarosn FsidpRee A8 dompgied vath 2%d egiste in thpirydedf due t o

t he reducti th [ 1 th ti t of
g B oo Cendt QLatngs HERY el SREREr Seihe Mrendt nigknat Gl SHUBL RGN | vy of
th i nt t j { i f { h t. Ki
AR S S g e b o
predet er %ﬂ%@idrﬁ?&ﬁstaﬁ%&%"rﬁ' Qﬁﬁéfgjﬁeﬂéc SSbR ! r8sis n&f%ﬁﬁfgﬁ@tdssfnge@%éur e

honogeneously di ffuse and penetrate the at ons deposite on t

of the sifirgh@dnsmgsigke $hefd & hbe agfainte RALAIRE YoRipasad othidife (4 M er ed
magnet S before they deposit on the surface of the sintered magnet s and

f or m t he tBy grayebo@htary phhsds ¢fSde Gingered) magnct St ¢bellnhetal atomspdd3y bl e to
prevent the surface of permanent magnet M from being deteriorated and the
Dy at ons ahdorhbbslepgsiesdt ewsithe| surfhed fethd rmintegedi magnetrS tane Sarthare of
sintered g{gne@.@ addition, it is possible to obtain a permanent nagnet M
i n whi ch “&XdeR'sy Ve'B¥9% usi on of Dy atons into grain boundaries near the

(0055]

Finally, after the process mentioned above have been performed a
predetermined period of time {(e.g. 4~48 hours), the operation of the heating
means 2 is stopped, Ar gas of 10 KPa is introduced into the processing
furnace 11 through a gas introducing means 6, evaporation of the metal
evaporating material V 18 stopped and, at the same time, the motor 52 is
operated to cool the processing furnace 11 and the temperature in the
processing chamber 40 is once lowered to 500°C. Continuously the heating
means 2 is operated again, the temperature in the processing chamber 40 is
set in a range of 450°C~6507C, and heat treatment is carried out to further
improve the coercive force. Finally after the processing chamber 40 is rapidly
cooled substantially to room temperature and the heat the processing furnace
11 is vented, the open/close door 13 is opened and the setting table 3 is taken
out by the transporting means.

{0056]

In the example of the present invention, although it has been described
that Dy is used as metal evaporating material V, it is also possible to use Tb
having a low vapor pressure in a range of heating temperature (900°C~
1000C) of the sintered magnet S enabling to accelerate the optimum

diffusion velocity. Otherwise, an alloy may be used which includes at least
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surface of the sintered magnet is restrained, which has high magnetic
properties with effective inprovenent in magnetization and coercive force
with Dy-rich phase (a phase including Dy in the range of 5*-80% in the
grai n boundary phases and, in addition, which is superior in productivity

wi t hout the need of finish working. 100531 When the manufactured sintered
magnet is fornmed to a desired configuration by wire cutting, the nmagnetic
properties of the sintered nagnet would be sonetinmes extrenmely deteriorated
due to generation of cracks in grains in the principal phase of the surface

f si i h - L . ph i s ,f i i d f th
Ot acke: oPBE TR and PHEY Al 1BE e8| RabbRRE BRIl YLuE T B e ¢ ho
vacuum vapghomit %ﬁ&ﬂﬂ;ertﬁ?%)l'ﬁ%%%é&iiﬂg%lggexgx%i@;]&?t géowé‘f%i Yehorce are

recovered. [0054T Cobalt ( as been a e neodym um magnet of the

prior artetperdtuey 68tloG@i MdsnopooT, the FREHCHredIAYE \BhnoReE I ianThvkD t he
present invention, 23 since Dy-rich phase having extrenely high corrosion

r esi st anesabhdg tatsuppihéhe Ehcatonmsiothe esifatant ehasinterglbmednet Sh Ol exi sts
in the inside of cracks of grains near the surface of the sintered magnet
and gr ai theethrrargnd,pHa temperatize prepsding 11806h (I 1s excpeivalishtfusenet
having extrenely high _corrosion resistance and, at nospheric corrosion

resi st ané@wﬁrﬁam%@nﬂgﬁ@w © PPHRRHASDETSY REedy g 151@ fgrangyf flux
internet%jIL compound 4 ncluding Co in the grain boundary phases of the

si nt er ed ﬁﬁﬁﬁ%?r%f“Wﬂ?dnetal atons of Dy and Th deposited on the surface of
the sintergssyygnet S are further efficiently diffused. [0055) Finally,
after the process nmentioned above have been perforned a

In the example of the present invention, description has been made of
an example of improving the magnetic characteristics of the Nd-Fe-B sintered
magnet as an applicable example of the vacuum vapor processing apparatus
1. It is, however, not limited thereto but the vacuum vapor processing
apparatus 1 of the present invention may be used in manufacturing, e.g., a
hard metal material, hard material and ceramic material.

(0058]

In other words, the hard metal material, hard material and ceramic
material to be manufactured in powder metallurgy is made up of a principal
phase and a grain boundary phase (binder phase) that becomes a liquid phase
at the time of sintering. The liquid phase is generally manufactured by
grinding the entire amount in a state of being mixed with the principal phase
to thereby obtain raw meal, and then by sintering the raw meal after molding
it in a known molding method. In case the above materials are
manufactured by using the above vacuum vapor processing apparatus 1, only
the principal phase (in this case, liquid phase may partly be contained) is first
ground to obtain raw meal. After molding the raw meal in a known molding
method, the liquid phase composition is supplied by the above vacuum vapor
processing before sintering, during sintering, or after sintering.

[0059)
According to this arrangement, by subsequently supplying the molded
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predeterm ned period of tinme (e.g. 4"-48 hours), the operation of the
heating neans 2 is stopped, Ar gas of 10 KPa is introduced into the
processing furnace 11 through a gas introducing neans 6, evaporation of the
nmetal evaporating material V is stopped and, at the sane tine, the notor 52
is operated to cool the processing furnace 11 and the tenperature in the
processi ng chanber 40 is once |lowered to 500C. Continuously the heating
means 2 is operated again, the tenperature in the processing chanber 40 is
set in a range of 450" C-650'C, and heat treatnent is carried out to further

capi oty TR EhHS AF She R ot Bl B8N IR o SHa o gan ©
Certing tanl SeiE by SnARMED cphBf ORI it PRE prd B BRRR Tl "

exanpl e afud he hpsleseideritPesH id@_ﬁﬁxﬁi\g Bip;éegrégtatﬁﬁ%r&@%ed@%ﬁiﬁb%dawat Dy is

used as netal evaporating materi al I's al so possible to use Th” having

a | ow vapdraspr esduhe like. a A@ngesolt, ftepicon@stmpilatymeat 900&Gmre1P0Ary) of the
sintered magnet S enabling to accelerate the optinmum diffusion velocity.

Ct her wi saneigh malt@mahahaug mgéeiahiand cexdmite snaeriadabavidd anehahidy and Th.
When the netal. evaporating material. Vis Tb, the evaporating chanber may be
heat ed ir?t]é?%hgléaﬁc@@@ﬁ youga high teechnessp@lue.ure is | ower than 900C, the
vapor pr es[ﬁﬂﬁ@ cannot reach a level enabling to supply the Tb atons to the
surface of sintered magnet S. On the other hand, at a tenperature

cxceeding 11506, SN GTERNALL AU8ICAaL RS BTSSRI Sonls

In the exartR @he h®.PLEFSMRE WA Hblaf 8366 RIERT tH 3Bt RRCRWaHAEaIf
The raw meal is then molded in a known method to obtain a predetermined
shape of molded body (principal phase). Then, this molded body is made to
be an object S to be processed and also Si is selected as a metal evaporating
material V. They are contained in the processing box 4 and the lid part 42 is
rmounted on the opened upper surface of the box part 41. Thereafter, the
processing box 4 1s placed in a predetermined position in which the
circumference is enclosed by the heating means 2 inside the processing
furnace 11.
(0061]

Then, the processing furnace 4 is depressurized by evacuating via an
evacuating means until it reaches a predetermined pressure (e.g. 1 X107 °Pa)
(the processing chamber 40 is evacuated to a pressure that is higher by about
half a digit). When the processing furnace 4 has reached a predetermined
temperature (e.g., 1500C~16007TC), the Si that is disposed on the bottom
surface of the processing chamber 40 starts evaporation as a result of heating
to substantially the same temperature as the processing furnace 40, whereby
the Si vapor atmosphere is formed in the processing chamber 40. If this
state is maintained for a predetermined period of time (e.g., for 2 hours), the
liquid phase component which is Si is supplied together with the sintering of
the principal phase which is the molded body, thereby manufacturing the
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an exanple of inproving the magnetic characteristics of the Nd-Fe-B sintered
magnet as an applicabl e exanpl e of the vacuum vapor processing apparatus 1.
It is, however, not limted thereto but the vacuum vapor processing
apparatus 1 of the present invention may be used in manufacturing, e.g., a
hard netal material, hard material and ceramc material. [0058) In othe
words, the hard netal material, hard material and ceramc material to be
manuf actured in powder netallurgy is nade up of a principal phase and a
grai n boundary phase (bi nder phase) that becones a liquid phase at the tine
of sintering. The liquid phase is generally manufactured by grinding the
entire ameilionidarBidet@kemdd, being m xed with the principal phase to thereby
obtain raw nmeal, and then by sintering the raw neal after nolding it in a
known nol dii@@62et hod. I n case the above materials are nmanufactured by using
t he above vacuum vapor processing apparatus 1, only the principal phase (in
this case, |idlied sphepe gmhidearcergmpe wempiagiamd i i fihestaboyeeigreribesl obt ai n

phase. comBRRnPiloRar oh s HEptinsy SPIERD SROVEICU ViIbar 2ofl SRadtidy et or ¢
SI Nt er | NGy Ll NG SUlol g 03 EL, S MG RO L OBOD Ao AL AALLO Lhi s

arrangenent ,= by subsequent Ty supplyl Ag tne prin€ipal phase with
the Iiqui ﬁ'@ilﬁsﬁ PEGich] &reA5a] AsRD EQRLR ithi Ciht Was BPLghasdydue to
short ened t1 me o?cr eagtllor]lfev\?tﬁt tShe rlrngi pg}i§ ph?glg ané %Sue to Y

hi gh- concedikirat 50 pdeidexiand OpoSeldh €8aboablhdl)uitheatédict paetidkadive ophase,
and the like. As a result, it becones possible to manufacture a hard netal

mat eri al , Otfar th prhienbllr ratid afeklan? ¢o th¢reby albtiaviavy nmed hawldial thetrasngt h,
particul arly _having a high toughness val ue. [0060) )

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 vacuaum
vapor processing apparatus 1.

[(Example 1]

[0063]

As a Nd-Fe-B sintered magnet, a member machined to a cylinder (10

mm ¢ X5 mm) having a composition of 30Nd-1B-0.1Cu-2Co-bal.Fe, content of
the sintered magnet S itself of 500 ppm, and average grain diameter of 3 4 m
was used. In this example, the surface of the sintered magnet S was finished
as having the surface roughness of 20 4 m or less and then washed by
acetone.

(0064]

Then, as shown schematically in Fig. 9, a processing box 4 was housed

inside the vacuum chamber 10b which has connected thereto an evacuating
means 10a and a vacuum vapor processing apparatus (experimental

apparatus) 10 which is arranged to heat the processing box 4 under a

predetermined pressure and temperature. Dy atoms were caused to be
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For exanple, SiC powder and C powder (carbon black) of average particle
size of 0.5 9 mare mxed in nmolar ratio of 10:1 to obtain raw neal. The
raw neal is then nolded in a known nethod to obtain a predeterm ned shape
of nol ded body (principal phase). Then, this nolded body is nade to be an
object S to be processed and also Si is selected as a netal evaporating
material V. They are contained in the processing box 4 and the |id part 42
is mounted on the opened upper surface of the box part 41. Thereafter, the
processing box 4 is placed in a predeterm ned position in which the

ci rcunf er gadkerdd t&MRE QS@fhcR YR ARG AINABANSSAni 1 HRAOE aRr REESBLNT
furnace 11. [0061) Then, the processing furnace 4 is depressurized by

evacuat i nabevaaad wenadiffiise d gntetnsgraihiboundare pbhes bafope ¢de thimfieds
pressure (e.g. 1 X 10-'"Pa) (the processing chanber 40 is evacuated to a
pressure toraed somi gieersupfacabolit thehasiftezedi yiagnet Ve kherebypobtassinoa f ur nace
4 has reached a predeterm._nne tenperature (e.g.,, 1500C*-1600C), the Si that
i s di spos®arBAneRt WagretnMs (acaua oranokebicesasg)- ngl Hhip examplet Ahe s

ti |t Oof h [ t bst anti al th t t
The” pr oceSiated aPRELE SOaHaioEb) on RBS SHoAFNo S AJepoRE RAOFBRAER | n t no

CerTos or CFALERCH St o Rtgk MRS sl BACHE BT,

period of ours), phase conpon

is suppli %@aﬁ&%@fﬂ%rm‘é@téﬂal.hq‘}ﬂ MREAINGevipordtifig PridiehRR! iPhape, Wgh i s the
nol ded body,” t hereby manufacturing the 26 silicon carbide ceramc. (0062)

The sili coonfiguikitits aadahectomahwicaghtused d of the naday evepsertimeehaterithod has
a bendi ng strength exceeding 1400 MPa and its fracture toughness is 4 MPa
8. |In thwasgdaesd pn thabobions eerfacdaf thepepsng chambar 40.

[0065]

Then the vacuum chamber was once reduced to 1X 10~ *Pa (the
pressure in the processing chamber was 5 X 10~ *Pa) by activating the
evacuating means and the temperature of the processing chamber 40 heated
by the heating means 2 was set at 975°C. The vacuum vapor processing was
performed for 12 hours after the temperature in the processing chamber 40
had reached 975C.

(Comparative Example 1)
[0066]

A film-forming process was performed against the sintered magnet S
same as that used in the Example 1 using a vapor deposition apparatus
(VFR-200M/ULVAC machinery Co. Ltd.) of a resistor heater type using a Mo
board of the prior art. In this Comparative Example 1, an electric current of
150 A was supplied to the Mo board and performed the film-forming process
for 30 minutes after Dy of 2g had been set on the Mo board and the vacuum
chamber had been evacuated to 1 X107 *Pa.

[0067]

Fig. 10 is a photograph showing a surface condition of the permanent

magnet obtained by performing the processing described above and Fig. 10 (a)

is a photograph of the sintered magnet S (before processing). It is found from
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hi gher nechani cal strength as conpared with the one that was obtai ned by:

m xi ng Si C powder and C powder (carbon black) of an average particle size of
0.5 do mat a nolar ratio of 10 : 2 to thereby obtain raw neal; nolding the
raw neal in a known nethod; and then sintering it to thereby obtain the
product (bending strength: 340 MPa, fracture toughness: 2.8 MPa nB). It is
to be noted that a nechanical strength equivalent to the above can al so be
obtained in case silicon carbide ceramc is obtained by: sintering a nol ded
body under predeterm ned conditions (1600 C, 2 hours); and then supplying
the conpahid pladtogfarithehdt muileg Phesed magidtad ofMbadbrd prodesdig’Usithgughe
vacuum vapor processing apparatus 1. [Exanple 11 (00631 As a Nd-Fe-B
sintered ragkeportso agrnciisrddNduich phbisabemg( deimbopndsrinphakavi ng a
conposition of 30Nd-1B-0. 1Cu-2Co-bal.Fe, content of the sintered nmagnet S

i tsel f of JSCRyapiFacehans srea dhaiiack Rerions Bsappear whepdhe gyslace o this

Curf hoe r SlgragLaar noghetns oy ELel 216 ThhchYdirea Y5 B vt 1o bBRas
sure B or CVEES AR ;
et 1 A el ol e 1GR B EEERRPRLPdetaliel BRUEEE

means 10a (RNgnasy B NDKARRer REIAGESHh NG a@RRAT A, Wn (REREBALIRHLRls fARRRT at us)

10 which is arranged to heat the processing box 4 under a predeterm ned

pressure andheeERangilYr B.thiy lheksportiodsCauiedst foide &7 NadFeh eshdse bhe
surface of the sintered magnet S in the nmethod as descri bed above and were

di f fused idetgraithérapeaicanbloeisden pndhtdses el sulstih@alljisanie hmithese HHthed on
the surface of the sintered nagnet S, thereby gbtaining a
surface of sintered magnet 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 because of the fact of weight variation (see Fig. 10
(©).
[0068]

Fig. 11 is a table showing the magnetic properties of the permanent
magnet M obtained in accordance with conditions described above. Magnetic
properties of the sintered magnet S “before process (or before processing)” is
shown in the table as a comparative example. According to this table it is
found that, while the coercive force was 11.3 KOe with the sintered magnet S
before vacuum vapor processing, 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 can be
seen to be remarkably improved.

[Brief Description of the Drawings]
[0069]

Fig. 1 is a perspective view schematically explaining the construction of
a vacuum vapor processing apparatus;

Fig. 2 is a sectional view explaining the construction of a vacuum vapor

processing apparatus;

Fig. 3 is a front view explaining the construction of a vacuum vapor
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per mmnent magnet M (vacuum vapor processing). In this exanple, the sintered
magnet S was placed on the bearing grid 41la in the processing chanber 40,
and Dy of 99.9 % degree of purity was used as the netal evaporating
material. The netal evaporating material is of a bulk configuration and the
total weight of 1 g of the netal evaporating material was placed on the
bottom surface of the processing chanber 40. [0065] Then the vacuum chanber
was once reduced to 1 X 10-4 Pa (the pressure in the processing chanber was
5 X 10 - 3 Pa) by activating the evacuating neans and the tenperature of

t he processing chanber 40 heated by the heating neans 2 was set at 9751C.
The vacuumpvegssingeppassiuag was perforned for 12 hours after the
tenperature in the processing chanber 40 had reached 975C. (Conparative
Exanpl e 1) [Bosd]isa sqctiwnpbriemhexpeuagshamsoprssing basd agai nst the sintered

magnet S sang. as t hat ed jn.the Exanple 1 i a or, deposition
apgar at us (ﬁﬁ-%éﬁvﬁtﬂ_&\ﬂ? n?rla(‘f?ﬁvﬁéww&? qp@_d?ﬁ%f%gaméﬁ)g{ ks &Ii%lr'mtype
using a : arnd of thepripr._art; In this Conparative Exanple 1, an

el ec?ri ch@ﬂ?&gﬁtbeﬁroc‘iﬁ?d%nm&;% n%e&sbfeya&{)r? mtgﬁ@gﬁ‘forl%i)ard andngerfor med t he
filmf i f.ar:: 1 g : he M
L for m 0 PLOCPSS o IREut ShoRbhelecly Jahust RRABEFLaRiHION e

board and the cuum chanber had been evacuate ] Fig.
10 is a nﬂi@p@gﬁgmhe Shfusk 8@ ba peekdsasE afQRHE théral ebapliatRe MBhamsl;, nagnet

obtai ned by perform ng the processing descri bed above and Fig. 10 (a) is a
phot ogr aph of Fighe7 i& nt epedomsgmetw Showedorseilpanotdssi ngyifidd exanfpdend from 28
this photograph that in the sintered magnet S of "before processing"
al t hough disposing the object to be processed and the metal evaporating material;

Fig. 8 1s a figure schematically explaining the section of a permanent
magnet manufactured by using the vacuum vapor processing apparatus of
this invention;

Fig. 9 is a sectional view schematically explaining the construction of
the vacuum vapor processing apparatus used in Example 1;

Fig. 10 is an enlarged surface of the permanent magnet manufactured
by using the vacuum vapor processing apparatus of this invention; and

Fig. 11 is a table showing the magnetic properties of a permanent
magnet manufactured in accordance with Example 1 of this invention.

[Description of Reference numerals and Characters)
[0070]

1 vacuum vapor processing apparatus

11 processing furnace

2 heating means

21 insulating material

22 heat generating element

3 setting table (setting part)

4 processing box

40 processing chamber

41 box part
42 lid part
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bl ack portions such as voids of Nd-rich phase being grain 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 layer (thin filn as in the
Conparative Exanple 1 (see Fig. 10 (b)). In this case the neasured val ue of
t hi ckness of the Dy layer (thin film was 40 a m On the contrary, it is
found in the Exanple 1 that black portions such as voids of Nd-rich phase
or do-grain traces can be seen and thus are substantially same as those of
the surface of sintered magnet of "before processing”. In addition it is
found that 549y hhsatheshaaizbiciently diffused into the grain boundary phases
before formation of the Dy | ayer because of the fact of weight variation
(see Fig. 3%b (cyomnjUediingpagsagel is a table showi ng the nagnetic
properties of the permanent nagnet M obtained in accordance with conditions
descri bed dﬂ%ve.gmkgﬁﬁﬁﬁé properties of the sintered magnet S "before
process (orégefore SS|ng%§ shown in the table as a conparative
exanpl e. rdi qu @'lt is found that, while the coercive force
was 11.3 KOg;w t i S before vacuum vapor processing, the
per manent gﬁ%netHﬁ#gfeﬁﬁg&gfggﬁﬁggﬁﬁﬂhas t he maxi num energy product of 49.9
M3Ce, the remanent flux density of 14.3 kG and the coercive force of 23.1
kCe, and thus the coercive force can be seen to be remarkably inproved.
[Brief Description of the Drawings] [00691 Fig. 1 is a perspective view
schematical ly explaining the construction of a vacuum vapor processing
apparatus; Fig. 2 is a sectional view explaining the construction of a
vacuum vapor processing apparatus; Fig. 3 is a front view explaining the
construction of a vacuum vapor
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29 processing apparatus; Fig. 4 is a sectional view explaining the
processing box; Fig. 5is a sectional view show ng a nodified exanpl e of
di sposing an object to be processed and a netal evaporating material; Fig.

6 is a sectional view showi ng still another nodified exanple of disposing
the object to be processed and the netal evaporating material; Fig. 7 is a
sectional view show ng still another nodified exanple of disposing the

obj ect to be processed and the nmetal evaporating naterial; Fig. 8 is a
figure schematically explaining the section of a permanent magnet

manuf actur ed b u5| n% t he vacuum vapor processing apparatus of this

i nventi ontV Edeb3'i onal vi ew schemati cal | y explaining the
construct i on of the vacuum vapor processing apparatus used in Exanple 1;
Fig. 10 is an enl arged surface of the permanent nagnet manufactured by

using the vaﬁuur}% ¢) processtl gfrtat us of.this invention; and Fig. 11
is a table showhg*tHE TEGRET &H%F‘Bﬁ PR EOYPTISING ranent  nmagnet

manuf actured j th Exanple 1 of this invention. [Description
of Reference r?gtg%%g Waract ers] [0070] 1 vacuum vapor processing

appar at us 1ht9é&5%m'ﬂ%céééﬁﬁ?56x&1§ﬁ%§éd 06k A8 BRS ?&cehéﬁ%‘é'iﬂ}hé& material 22

heat generating el ement ting table (setti ng part) -~ 4 processi ng box 40
processi ng chadting means for heating the processing box; and

an evacuating means for evacuating the processing furnace and the
processing box to a predetermined pressure in a state in which an object to be
processed and a metal evaporating material are disposed in the processing

~ box,
wherein the heating means is operated at a reduced pressure to heat
the object to be processed to a predetermined temperature at which the metal
evaporating material is evaporated so that the evaporated metal atoms are

supplied to the surface of the object to be processed.

2. The vacuum evaporating apparatus according to claims 1, wherein
the processing box is free to be put into, or taken out of the processing
furnace, and comprises: a box part which is open on an upper surface and a
lid part which 1s detachably mounted on the open upper surface, wherein the
processing box is depressurized as a result of depressurization of the

processing furnace by operating the evacuating means.

3. The vacuum evaporating apparatus according to claims 1 or 2,
wherein the heating means and the processing box are formed of a material
that is free from reaction with the metal evaporating material or are made of
a constituting element having formed an inner lining film of a material that

18 free from reaction with the metal evaporating material.

4. The vacuum evaporating apparatus according to claim 3, wherein the
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41 box part 42 lid part 30 54 heat exchanger 55b communi cating passage 56
gas passage S object to be processed V netal evaporating material 31 WHAT IS
CLAIMED I S: 1. A vacuum evaporating apparatus conprising: a processing
furnace; at |east one processing box disposed inside the processing furnace;
a heating neans for heating the processing box; and an evacuating nmeans for
evacuating the processing furnace and the processing box to a predeterm ned
pressure in a state in which an object to be processed and a netal
evaporating material are disposed in the processing box, wherein the

heating meaasial shaperfaéedoat réactRAWORY thieafstdl @ vhpoRealg midierigbisedb. to be
processed to a predeterm ned tenperature at which the nmetal evaporating

material is evaporated so that the evaporated netal atons are supplied to
the surface of the object to be processed. 2. The vacuum evaporati ng

appar at us dbcofié ygewenc pPerparatingwhisnasiatus aheording 66 sinygersost ckimeee to be
put into,, or taken put .of, tgfe%l rocessi ng furnace, and conprises:, box

part whi thrqughy de v Beredn 5o £1 HeaNgnePIBPTISeY a3 ARsylaking matgeiabchabl y

nount ed Qn {the open upper.surface, ,wherein.the rocessing box is.

depr essu?P%lgﬁl%s ¥ rcégcﬁﬁr?f%?n%?eﬁf J88 PYSEPSIBR 16(1"? apb%%é%flﬁﬁﬁﬁﬁ nace by

oper at i Ngh &, hReS RS "En "B} Snside of the insulating material, wherein the
insulating material is made by laminating plural numbers at a

predetermined distance from one another.

6. The vacuum evaporating apparatus according to any one of claims 1
through 5, further comprising a setting part capable of placing thereon the
object to be processed at a predetermined height from a bottom surface of the
processing box, wherein the setting part is constituted by disposing a

plurality of wire members.

7. The vacuum evaporating apparatus according to any one of claims 1
through 6, further comprising a holding part which is capable of holding

therein the metal evaporating material.

8. The vacuum evaporating apparatus according to claim 7, wherein the
holding part is disposed on a side wall of the processing box in a manner to

enclose the object to be processed.

9. The vacuum evaporating apparatus according to claim 7, wherein the
holding part is positioned between objects to be processed that are disposed in

the processing box.

10. The vacuum evaporating apparatus according to any one of claims 5

through 9, wherein the heating means comprises a plurality of
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3. The vacuuntevaporatlng apparatus according to clains 1 or 2, wherein the
heati ng nmeans and the processing box are fornmed of a material that is free
fromreaction with the netal evaporating naterial or are made of a
constituting element having formed an inner lining filmof a material that
is free fromreaction with the netal evaporating material. 4. The vacuum
evaporating apparatus according to claim 3, wherein the 32 material that is
free fromreaction with the netal evaporating material is Mbo. 5. The vacuum
evapor ati ng apparatus according to any one of clainms 1 through 4, wherein
the heakhmeh RG0S OPAsbEESs, albals ”Sﬁﬁﬁhgé@ MRt QLhfhunfRAGRAS REH hﬁhe
circunference of the processing box and a heat generating menber disposed
on the toandeniofitibmepdsragbanragpronided bétwodhetled rhealime hiswisatndgnrat eri al

is made by lam nating plural nunbers at a predeterm ned di stance from one
anot her intg:r Whil ofatheuproeespog duirmares ppal theigaapessaiasgueocamectitetof cl ai s
1 through 5, further conprising a settjing part capable of placing thereon
the obpBaireeplE® mea@é@wra&m&a;fa@@étdea%ﬁﬁéax . from a bottom surface
of the processing box, wherein the setting part is constituted by di sposi ng
a pIuraIity of wire nenbers 7. The vacuuntevaporating apparat us according

| whi ch
o capabre oheruruiy SeRdrERE dbpersbly S RO oF 8, BN P Ve
evapor agl&fbgtgﬁpP@r%%i? ACHNY dbet (6 1 gMBeZsedM&e 7Rl B-rh e eali dirterdBrt is

di sposed on-a side wall of the processing box In manner to enclose the

obj ect tmadiet @h@ﬁﬁﬁ@ﬁﬂn t8e nléi] vaspoimtRepetatiang ﬂpl@asta@n@oﬂpgqxﬂi ng to
claim7, wherein the holding part is positioned between objects to be
process&% that are disposed in the processing box.
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10. The vacuum evapor ati ng apparatus according to any one of clains 5

t hrough 9, wherein the heating nmeans conprises a plurality of 33

comuni cati on passages, gas passages in comunication with the

comuni cati on passages are provi ded between the heating neans and an inner
wal | of the processing furnace, and the gas passages are connected to an
air-cooling neans conprising a fan and a heat exchanger. 11. The vacuum
evapor ati ng apparatus according to any one of claims 1 through 10, wherein
the object to be processed is Fe-B-rare earth sintered nagnet and wherein
t he met ah. _evmaporating material is at |east one of Dy and Th. 34 Fig. 11
BEFORE S AFTER PRCCESS Br (kG 14.5 14.6 iHc(kGCe) 11.3 23.1

(BH) max(M30e) 50.5 49.9 WEIGHT | NCREASE RATIO (%9 - 0.45 (BH)nmax+i Hc 61.8

73 4t3, M8 # , %F VIfh5i, "surface OF‘ magnet*——c Lt 035
BEFORE PROCESS | AFTER PROCESS
Br(kG) 14.5 14.6
iHc(kOe) 11.3 23.1
(BH)max(MGOe) 50.5 49.9
WEIGHT INCREASE RATIO (%) - 0.45
(BH)max+iHc 61.8 73

mB, B8 %, BLARMIE. “surface of magnet” & L E T,
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