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

I nvention] [0001] The present invention relates to a vacuum
vapor processing apparatus suitable for performng a processing
(vacuum vapor processing): in which, 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 sanme tine as %@%A@Whereof to the surface of
the object to be processed. [Ba [ 0002] This kind of
vacuum vapor processing apparatus is used to inprove the magnetic

properties of, e.g., a Nd-Fe-B (or a Nd-Fe-B system sintered nagnet,

and there i's known onpAGILIM VAPGRTROCESEUNGYARPARATRIS cal |y seal ed
vessel made up of glass tube, and the |ike and an electric furnace.

In this vaoﬁFheidwﬁpbeIwemd:mnil ng apparatus, an object to be processed
which is tg‘% Nd- Fe- B si ntered magnet and a netal evaporating materi al
which is ra080 yarth nmetal selected fromthe group consisting of Yb,
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hernmetically seal ed vessel is rotated.

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 is 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 niagnet 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, ingide 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 ave
contained inside the electric furnace and are heated (e.g., to 5007C) while this

hermetically sealed vessel is rotated.

[0003]



[ 0003] ~ Once the hernetically seal ed vessel i s ‘heated, the
nmetal evaporating material evaporates to thereby forma netal vapor
at nosphere inside the hernetically seal ed vessel. The netal atons in
the netal vapor atnosphere get adhered to the sintered magnet that
has been heated to substantially the same tenperature In addition, as
a result of diffusion of the adhered netal atons into the grain
boundary phases of the sintered nmagnet, the netal atons are
honogeneously introduced in a desired anount into the surface of the
sintered magnet and the grain boundary phases, whereby magnetization
and coercive fOuce thechdrmeiivuby sealedevessel sdh¢agad ethe dodalhrevapotrating
pat ent docunent, 2). Patent dqcunent 1: JP-A-2002-105503 (see,,g.% ,
Fig. 1 andmtgriabpvangrates Wotherehy form ppmetalpaporonarespbsie inside the
Clainms) [Disclosure of .the Inveptiaon Probl e to | v th
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in an el ect4y i i :
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considerin ease cost. It is known, however,

that the peimé iehpsidthiaratineidifior,as fesubvel dffusids rof YBe idhered metal
conditions (e.g., 104 Pa). Therefore, if this kind of electric
furnace i satpses] ifitor they gpuinabiwnlagy mhasandf Thet sinteredisnagrethéhe egetad a
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containing therein the netal evaporating material and the object to

be processé@:vmsem:cﬁistitut ed by a material such as glass tube and the

i ke that pas a possibili of .react wth e netal_ evaporating
mat eri al , %@&tidﬁ?ﬂlfl%"eé‘i# ¢ %’1%@%&5%9&’ Edﬁﬁnghlg- vapor

at mospher ep,£.G3uhhiAgut 5: JRATRILE@HIRIAIY, @hifgaction on the

surface.
[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., 107 *Pa). Therefore, if this kind of electric
furnace is used for evaporation of Dy and Tb that must be heated to a
temperature of 900°C 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.



There is a further possibility in that the atons penetrate-into the
vapor atnosphere of Dy and Th, and that the recovery of the netal
evaporating material becones difficult. 100051 In order to
further inprove the coercivity after having perforned the
above-descri bed processing particularly to an object of a

predet ermi ned shape such as parallelepiped, it is preferable to
performin succession heat treatnment at a predeterm ned pressure and
tenperature. However, in the above exanple, since the pressure in the
hernetically seal ed vessel changes during processing, in order to

perform he@hetd eatanBittha bhessilpiliee efSihag tak :ﬂ:_oﬁfse?@i&fziﬂenﬁdo RheSwpoe,
it becones necessary to once take the hernetical seal ed vessel out

of the el eatmpgphene véddy and, Thf 4ed thatslsarecovejuot tlom mdtel peaporating
once again to the electrj¢ furnace. The handling is therefore

t roubl esonﬁl.atﬁﬂ?]t]wéf’l,neﬁ@f%ﬁﬂﬁr to introduce netal atons in a desired
anount into (ﬁ#’%it antially the entire surface of the sintered nagnet,
a driving m[;'c anismto rotate the hernetically seal ed vessel is

required, resufyiofer B AutREPIhEAVEANBPREFEHP 8RR Havint hefoARE] &he
hi gher cost. Further, since the netal evaporating material and the

obj ect to hboyerdssernbed padessdng pasacilarly o ahabiecobf aipxédegedriad shape
together, there is a disadvantage in that the nelted netal evaporated
mat eri al néychyers paralielenivadndt a8 preferdlodpeperfoanpin puserssiay heat

| 0006] in view of the abov oi nts
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apparatus, and in which, when the vapor atnosphere is forned, the
ot her at onBrasiateraEngd @yessuse frusermnt secasgaryl@OORe 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. IFurther, in order to introduce metal atoms in a desired
amount into substantially the entive 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 ohject 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 ohject to be
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)



A second object of this invention is to provide-a-vacuum-vapor
processi ng apparatus in which the processing chanber can be reduced
in pressure at will and which has a sinple construction. [Mans of

Sol ving the Probl ens] [0008) In order to solve the above

probl ens, the vacuum evaporating apparatus of the invention
conprises: a processing furnace; at |east one processing box disposed
i nside the processing furnace; a heating neans for heating the
processi ng box; and an evacuating neans for evacuating the processing
furnace and the processing box to a predeterm ned pressure in a state

in which an objgcdechd Rbj@ut06LIHAS iaRchtfnTes Ao BYRRGS &l | NGu®t S/alpat
are di sposed in the processing box. The heating neans is operated at

a reduced proessEine appatedas inhwhoth € procebsingraaes®wedcanoba reduced in
pr edet er m ned terrperjﬁf;re t which the nmetal evaporating material is
evapor at ed?$§SWIRaAt Wikeand W AR FELHE CRRtINCligNe supplied to the

surface of abj . ed. [00091 According to the
i nvention, @E%arhsgéﬁ%vﬁhggggg%bgg%%aat ed to heat the processing box
at a reducegopgpssure. Wien the netal evaporating material inside the
processi ng box has reached the predeterm ned tenperature, evaporation

of the netal ekapdento sudverdicesbale whbletss, tHhemuuihevapoapion gt ppareial
atons nove to the object to be processed either directly or froma
pl ur al i ty @ffthgiipgentiameomyprises) @aptogessind furspes atdagstque prokessany bex
and deposit.ed on,.the object to be.processed. In case the object to
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obj ect to be processed. [0010] According to the invention, preferably
the proces¥ pBxohiectf teder prenespas 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
ingide 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 d.irectly 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



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

det achably nounted on the open upper surface, wherein the processing
box is depressurized as a result of depressurization of the
processi ng furnace by operating the evacuating neans. According to
this arrangenment, when the processing furnace is evacuated and
depressed until the processing furnace has reached a predeterm ned
pressure, the inner space of the processing box that constitutes the
processi ng chanber is depressurized through the processing furnace to
a higher p S I Ssi - ref . .+t he
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[ 0011] Further, there is arranged, in the processing furnace,
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since the Inmer space can be reduced to a predetermined pressure
accompanied by the pressure reduction in the processing furnace, thers 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 proéessing 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



[ 0013] Preferably, the material that is free fromreaction with
the netal evaporating material is M. [0014] Preferably, the
heati ng means 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 di stance from one another. According to this
arrangenent, the inside of the processing box is indirectly heated

t hrough the.,wal |, surface of the processi box, jt Is possifhle to
Cobot ant | SR e Bt Bt R R e an angthe ARient s bE R AT A o

good repro Cdfg%“lébhyce%ﬁ{lggﬁ%%‘%ﬁ%e ihe. processing box is heated by the

heati ng nmeans ose e processi ng furnace under reduced
pressure. Tloeigfore, the thermal efficiency becones large and the
speed of increasiagnthe tenperature in the processi ng chanber can be
made faster. Feoohaing td the inwestion,hprdfersiblytthaghestiver im¢arsn antethe

i nside of the procgssing furnace is nade of the above-describe

mat eri al , RIQELEHE bevnATd domnndeplen matenipd that 1s free drqre reagtipn Wild) the

i nvention, vac ev rating apparatus further .compri a_.
setting paPttSABPHT BREERRL O (BPEBRES 1T < it §e ibnPat suing o
a predet erfgimned el kA RAtd SMieyAl AGE 19k BoR R8T RUHP R

If this setting part is constituted by disposing a plurality of wire
menbers, anktalbavaporating maerisbt aThewaifotlst mrgaheyvapiratingnmaberidois om
surface of the rocessing box, the object to be processed and the

met al evapishereddo tae surdags gfethgi prperssingaboxand dhedike, theomaberaal

ot her in aysinple_construckion. 4N se the object.to he processed is
ai ntered MBROR QR e iolie, WaluBoian nd HEEErra g (e, BBEr PR
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the sintered magnet whose surface Nd-rich phase is nelted. In

addi tion, thherereteay oftthasneted pospdratingrmatdrivd addieadd év slpo mall sgrface
material positioned on _the |lower side of the object to be processed

are suppl iRegOBEE REPY-diTHus tif pasticylasln effastive dpj eage dhe gneled tevanaerabips

repeating collisi.o t tantially the entire surfac fyqt he

by ot 19 BiepBE Dt ThEPAT eutuplide Rl obaltis 25T ik Armgly
nmechani smdanbPbabepdchsy.obj ect to be processed, whereby the
construction of the apparatus can be sinplified and the cost can be

| owered.  [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 i1s 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



[ 0016] On the other hand, there nay be provided, inside the
processi ng box, a holding part which is capable of holding therein
the nmetal evaporating material so that the object to be processed can
be di sposed at a distance fromthe netal evaporating material. In
this case, depending on the area of opening in the holding part, the
anount of evaporation of the netal evaporating material can

advant ageousl y be adjusted. [0017] The hol di ng part nay be

di sposed on a side wall of the processing box in a manner to encl ose

t he obj ectaid the speadcebirtbasiiOfE temperafdretinethet fi@teddaitdehdhiBer can
hol di ng part nmay be positioned between objects to be processed that
are di sposkaimadetfhetepr ofegbendf Bbleast Gl djsulating material on the inside of
the processing furnace is made of the above-described material, the cost can
be lowered.
[0015]

Further, in this invention, the vacuum evaporating apparatus further
comprises a setting part capable of placing thereon the object to be processed
at a predetermined height from a bottom surface of the processing box. If
this sefting part is constituted by disposing a plurality of wire members, only
by placing the metal evaporating material on the bottom surface of the
processing 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 is 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 plurality of directions by repeating
collisions to substantially the entire surface of the object to be processed.
Therefore, there 18 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.



The heating means conprises a plurality of communication passages,
and gas passages in conmmunication with the comuni cati on passages are
provi ded between the heating neans and an i nner wall of the
processi ng furnace, and the gas passages are connected to an
air-cooling neans conprising a fan and a heat exchanger. Then, by
circulating the gas in the space on the inside of the heating neans
that has been heated to a high tenperature, the object to be
processed inside the processing box can be cooled at a desired

cool i ng sp%ed. 0020] In this invention, the object to be
processed il9087Fe-B-rare earth sintered magnet and the netal

evapor ati ng | east ,one of is thus

i al,. i t d'Pb, It ,
Suitable {9 canehinendhmay b pascilimeh stovah ol it PicessOre bein
sintered npgRehePYo %9&1&%%@%%4&&@@5%9&{%?“99'y of the nmetal atons

of Dy, Tb 1n e vapor atnosphere o to the sintered nmagnet,
and to diffloees)} he netal atons into the grain boundary phases of the
sintered magnet before a thin film made of the netal evaporating
material is fdmbde otherhersiithadeldifig phe siaptherpaitagddietwiesh bhets of
t he I nvention] [0021 descri hed herejnabove, according to the
vacuum vaﬁB%ed’é'%‘E?é‘F?Jrg??téﬁﬁgiﬂ%oﬁ%‘f%t HIECeSHYENI%on, there can be
attained ef[bgg%)s inthat, in a sinple construction, the reduction in
cost can be obtai ned, that the object to be processed and the netal

evapor ating nets h@e{tiﬂ%@néh@lsh%ﬁ%e?soa PGBy (€ TRRIAIMELLINN fgﬁs@ag@@pd
reproduci bility that the apparatus is not contam nated inside thereof
and, when anidegas pessagesusplvereuhzatibe emith dheemm hen®ation qidseageat aws
can be prevented from egti]eri ng. therein, and that the processing .
chanber caROBded histupen dhe| Reating, meqns #nd gasinpey itk of the processing

furnace, and the gas passages are connected to an ajr-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 Tb. 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,
Th 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 be attained effects in that, in a simple

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



[ Best Mode for Carrying Qut the lnvention] [0022] Wth reference
to Figs. 1 through 4, a vacuum vapor processing apparatus 1 of the
present invention is suitable for perform ng the processing (vacuum
vapor processing) in which an object to be processed is heated in a
processi ng chanber to evaporate the netal evaporation material, so
that the evaporated netal atons are adhered to, or deposited on, the
surface of an object to be processed, thereby formng a netallic
film and in which, in addition, in case the object to be processed

has a crygirabdskét® #id YRS Uhbsalt S pdRitdle ah AR @ndbEfHSREd Tt @ hive
grain boundaries at the sane tinme as t%e adhesion to the surface of

t he obj ecttepebupe ovellsedl. gddte wyppadwihibityl tlsatushd fappaiatps ove nEdtt
in the magnetic, properties, e. gf , of a Nd-Fe-B sintered nagnet.
(0023)  con fed, dasidg perppio ands vhyna P rvares aEmesihereh dip chpen
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shape as seen in side view This open surface has nounte ereto a

done- shapedBegieMbdé GaeCaiwpingiBui thednventien] t o be capabl e of being
opened and,cl ng’ed' When this open/close door 13 is closed, the
pr ocessi ng[@@ﬁ ace 11 is hernetically sealed through a sealing neans

(not illustra ich is disposed.on an i,nner periphery thereof. On
an outer peri Sﬁ%ﬁ'y%?relnﬁ% i &ﬁg%s&nﬁhlf’ﬂgﬁaé’e alf?g‘l“HBr é’aP‘é PYEBSASEEE a
connecti o ! . nsng ; . i i J -
connect edrap ghgﬁg%éiUOEEHgQ Eéa%ggz marﬁ%ﬁl(]gngtﬁltlﬁﬂglr}gf?%ﬁse%@ r’%ﬁc&%éb&‘g&gﬂp g rbo
punmp, cryévaeungn vepéf pioesssingp inavitich e dbjéct to By pepesadd tohddied wvaauum

exhaust neans in a_position at which the open/close door 13 is
cl osed, t RBOGSPERESIRFPer Gp sHaRorate thamstalevgnewsdionomatenialdeq thatithed

pressure %xeralgdraté(d %'Re_tgf ggox&sngrek%@ ezf%td %ot]%r p({e%%s% o 'on,[ %ezg%rface 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 1is

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



~

The processing furnace 11 is provided inside thereof with a heating
means 2 which is made up of insulating material 21 enclosing the

peri phery of the processing box to be described hereinafter, and a
heati ng means 2 constituted by a heat generating elenment 22 which is
di sposed on the inside of the insulating material 21. The insul ating
material 21 is made up of: a first part 2la 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 op&preected tejayacuamexhapst meanyneg ilesteated bsudheasopbinibagump,
surface of _the first..part 2la in cl.osed_position gf the open{clagse
door 1. * AT Reme, SRR suEHP st P 1S BY PBR e et Acnstk expf
defined i RgifAR e pBEPRESK WE: g

second part 21a1, Zfbglgges%evg%gfé# ngﬁgn%gqsﬁeﬁgggggrliﬁ:]log%’itﬂr}g%gaééfggj@ S
encl osed Hyrddee Jinsu lod retincod te bipled@tbriniisd Jprdsherepe @C 4561076 Plallbndce
11. The heat generating elenent 22 is an electric heater which has a
pl ural i t ykept aithe pressitearent s 22a arrayed in the | ongitudinal

di rection g@#‘@e processing furnace 11 at an equal distance to one
another. E f the filaments 22a is supported by a plurality of

ected bi . Py - | st
part 21a i & WanRereto banrey it g Paddipy U el il b featink®

The processdaig I whicle & thhdb upPefarbEREing thhtedis3 PNacldstf RP&ipHdy
whi ch enabl es to support a setting table to be described hereinafter.

The suppopf ithe preedremgl box 4o rheddesgpibad kdrghnafisuppod té hgatheg sndfw 2
which are rojected iin two rows fromt bottam.surface qf the
processi nﬁmﬁﬁj&ﬁ%‘{ﬁﬁﬁ hteﬁ% S‘f}bea'a%ﬁﬁ eﬁpﬁ"%‘iﬂ ng § digpgpechon themsyds i
suppor ti ngy, ph.ak 8 by -dgemay . S. ‘
supporti ngh(gars a ﬁ%tgn |2efj'n:I>|<1€é %n%&afg}g%tgﬁég%ﬁ% lts%téa#%ﬁ%?)ﬁd@nsgl
di rect i onpaft0@L6which is HRwsekd titgulpahih sBap®ab iPHiRpeshdadakid@ly with

supporting plate 16b is nade of a plane plate having an area _
suf f i ci enthe prqseesing uyyiage Al with atirprier eneisity thwfass, ashiceh insile Gete

openi ng. SISH ROYB L BB et BB Wh s BomivboR AniRerbHE At oAl
ci 1 cunt or SheRaop] AOFF L0 IR I REES o ROKEp (OBARESAREIS the Mt

and put oghrtofla iha Qéedgrsitit dlhagRnIdodendduals. a Af §ake D3adirtbsed

transfer unit T as the transfer means having a known construction
(not il | ubythe deulafionaeterial 21 is thus defined inside the processing furnace 11.
. The first part and the second part 2la, 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 andtiler.
REach of the filaments 22a is supported by a plurality of projected pieces 22b
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 fo be described hereinafter. The

supporting member 15 is made up of: eight supporting bars 15a which are

10



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
rectangul ar 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 netal evaporating material V to be appropriately
sel ected dependi ng on the desired vacuum vapor processing and the
object to be processed S. On an outer periphery of the lid part 42, a
flange 42gr¥fabtel inStvre dbws HUMWRRE HoftohOEIREPYLThd bec@éé‘iﬁé Gurnace 11
circunference. Wien the lid part 42 is nmounted on the upper surface
of the boxhpargh the, inshlatigangtertd 21 anflifout sigpdrhieg glites 1%Alth beidgehe
box part 41 (i.n this case vacuun1sea|ing such as netal seal is not

provi ded) OV thecfrant ends olihedwer Smpering bermbisethatdiomaxs ho each gdieat ed

fromthe essi furnace,.11. Then, when the processing furnace 11
i's reduce ?%e gmﬁ?&glgﬁaé;}ﬁﬁeﬁgan“pressure (e.g. 1 X 10 - 5 Pa) via
evacuati ng , the processing chanber 40 is reduced to a pressure

that is higher by half a digit (e.g. 5 < 10 ' Pa). Therefore, an

addi tional evdthuakttige pRANS td Be Phiced etahs auyporitt place PFPzassdagr Rox
4 can appropri atelg be reduced to a predeterm ned vacuum pressure. In
ot her wor @lanecplate having ameres sfeignt o, place tehplurality ofawapessig axes

ial V.,h b fini shed, h i hanb 40 .b )
educed t SHERPRAE b Rratoos heBTABlR Bt IRE RYTB SNEvIde Ty
box 4 at %lopebﬁ{%ﬂ in honeytB3RhV@-4rarLfo EQEO RLPE EaFc128t %ﬁ@ﬁ?&; Wﬁﬁe' S
Cta e athoof the

set such that Ing 1ntd consideration t nean free p

met al evapasblingitp hedtethegirodéssinpeboxus fonatiedeittatiraiofereree HEuthiki ed
to the sintered magnet S directly or by repeating the collision from
a plural i €§sepfthe] g dable s freely wésntefandpu off thehprisessingr t

41 dthe lid 42 | t h that th th | |

dof or med WSS o0k i oRptR doh ST, S s e teah b i NEvEiaraans

The DoX Pabkintla Rk ARS NG/ GhPuRbRALhnO 071 d 4la uhich s made
ers (e.g.

by disposing a plurality of wmre ne , cb 0.1 to 10mmin

di anmeter) [002Y]grid at a given height fromthe bottom surface. A
plurality of objects S to be processed are put in position on the
bearing grid Asshoppordiig. 4, the peecsssingdord toHiesplacadaargresetting table by
placing the.nmetal evaporating.neterial ¥V on the potfomsurface of the
Pox part 4115 BndosoV BN & 1 BUAE B cifadsBEX ML b HBLH! Boreeranrhg
mat eri al £81R B t . Wi :he
met al at oﬁ% ev%t%%?eg% gﬁﬁ?r o?n ng rgr%{%?é%e\?g% ?]g’tlghﬁ%anlg(?grgigbg#wg%g ed
on the botimiblebfibeint ditrhedjtecindSidtackal ook &8 spgesi@fadeniflthedpen
substantially to the entire surface of the object to be processed

ei ther di bextpartoflby Insideathid puickssingnisoxf rorrhereplage aplacad of metal

dl ect] ong, Therelor S % ccensine box, S nesd nol be roistety

o e LAy SO, s iR 3 B f el

| eft openpeApheryr efstietlid phs 4Btaaflange 42a which is bent downward is 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 presswre that is higher by half a digit

11



evaporati’ng ‘material 'V and the object S to be processed can be easily
put into, and taken out of, the box part 41. In this case, a batch
systemis enployed in which at | east one box 4 containing therein the
nmetal evaporating material V and the object S to be processed is put
into, and taken out of, the processing furnace 11. Therefore, there
is no need of a nechanismfor putting, or taking, the object S to be
processed into, and out of, the processing box 4 (i.e., box part 41)
wi thin the processing furnace 11. The vacuum evaporati ng processing
apparatus, 2 itself can thus be nmade sinple in construction. In

addi tion,(eig A 30t érﬂyérrenThqrstﬁad@nsagEi’omah glagnating ymefinpriscessi ng
boxes 4 can be housgd, a Iarge angunt of objects S tqQ be progessed
can be prifCEseEt ARA(The BIFETTRAEDOR Ho FoBALRIPBIAION, be APQIFod to A

product i \éerMeteng?ge@ vacuum E?es%ﬂ?e. W‘r’ﬁi’otﬁ@rexg%fgsgg‘gedlm%%&‘?ﬂ%seggggﬂ‘f@g’.ﬁlinlgy

used in vacuum apparat us®in general

box 4, thgrehd méaPassbbidtidy hitabiaDyViRad hReMapRishal MeEPNRbE ARG
. 41203 react with each other to thereby forma reaction product on

t he surf ahantheerdfotambel redadedttoen Alredetamsinedtpeessuine wiVhotapaking out
at nosphere. In addition, in order to evaporate Dy and Th, it is
necessar yhe heang beg 4attadhper at ure of 900t or nore in vacuum
Therefore,[ 'Q%S]car bon is used like in the conventional electric

f ur nace, tR € is a problemin that the furnace is contam nated

i nsi de by subtipdiugis & tHedpiebbsidd dhalBéAU0 §Y ROERIN fiht"BHSHE FhtoV

such as Dy, Th, Si anti the like reacts wth carbon, or that water
and hydr agesidemticngtliuimeah frhe pabh ef tths hetab @evppaaesgethateaiadt V,vihich
carbon, whereby the reproducibility of the attained tenperature

becones p¥epodied metehatomentrer suppbigd tp 4pe ginyerad mgenet B daectly oody)

In the exanpl.e of, the,presgnt I nvention |1 .the nstitutin rts
present  raeruiens e SRUBioRCRRl hNREREDRE GrronodS TRRS R PR
consti t utey it Re tRE A%RSHARI P AR 4the! BE dae Wodls 8 é{ﬁeheﬂ{ﬁ'th%% A8hot
filament 22a to constitute the heating neans 2, and the setting table
3 i ncl usithermélly hdeformppdr wiheg heatdierisy Meatarge meaes ab Wb, déswrtbedi ng

to this arrangenent, when the processing box 4 is heated to thereby
evapor at dereiaafien (Hhe bet partdiabas formad thenean pdieavingigyed dimwhicht isns

o coes D 15, aisp8ThE TS Sy B Wi AeiferS PR W AT My e g
const r uctdi onhid Niniiseil 408 olveth ALK, &3?]! e RERE sQFatd fe A%'ﬁlgﬁélit%z%ff ace

of the box part 41, there i's a possibility that part o

evapor at ebjeatofso bedkodente dlepublih posiciohvnohghearmigaidadize bet ween
t he box pgrt 1 and the lid part 42. However, since the insulating
material 28 the setting table 3 are made of Mo, they will not

react with the net.al evaporating nateri.al,, the. recovery.of the, netal
cvapor at i ng. maeerine & BERaPbEs iheonRdin bR R Br AL B sa BB
easy. ThgﬁeﬂgﬁaP‘V tonC W@ bo¥off K8EhLEY @F Wht bdBhatt 2Y 2PN 3bjebd 784 @k al
of Dy and Tb that are particularly scanty as natural resources and
cannot expeaiss&l abll ¢hs wpgihlevdpddShe 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 need 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
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Further, since the filanent 22a is al so nade of M, even when the
processi ng chanber 40 is heated to a high tenperature of above 1000C,
there is a high reproducibility of the reaching tenperature. Due to
the fact that the thermal efficiency becones high by heating the
processi ng box 4 by operating the heating neans 2 after the
processing furnace 11 has been reduced in pressure, and due to the
fact that the processing chanber 40 is indirectly heated through the
wal | surfaces of the processing box 4, the processing chanber 40 can

be subst astdpirhting Mdterigl V diglafhRbbidct 8 tohRrgrotdsaBd whit Be 3a&BPFut into,
reproducibility. [0033] In the exanpl e of the present

i nvent i onandtakought ofhéhe bns pariudl.nglnpting sase; @ badde spéteibis employed

mat eri al Wl«k}l"g‘l ccepta e |f the praocessing box_can be heated with
good r epr BUHEIB 3% legstaang e%ccr%@m%éhermntqhet%ta&rewor@wgéﬁ%t@uﬁb

mat eri al t b de of . an tapnin .| east
one of st W GBEAGE S to he Teo e R i ot SEF S 1O o i <
added Mopahh&y 1171 mdﬁhqshe'\/bch@fé %y no?ffed BE d k&hanf@D for' $0BLRE, or

oxi des of rare earth el ements. They nay be constituted By a product

i n whi ch tking, mhefobjelnESd:or’rmtIﬁm@ssd irstof amdredt oflthdnpmcamh@bbmg(le
material as an i nner |.ining. [0034] The insul ating materi al 21

may be cob@st Pet: dd) wtf&nath%gmemlng efmmfyseoll i nEhe aﬁcwynm@orm at

a given space therebewtee ca

nner most PRSI PRESTIRER UPIf 5o dhiF HRimat SEn Ry Sbtitfiope T

| over ed. FaditiBRY if o mhhg&ﬁemsrm&e Q5 tﬁ?boé glﬁaﬁ%y P %5&1{[] boxes 4
preventing the adhesi on ray advantageous e munted on i I nner
wal | of tdmm Ipy hosed m@aﬁgurammthfobjeﬂtst&ﬁ) bxprebssedfeahbeprbeeseat aon,
a description has been nmde of an example in which the lid part 42 is
fit into tesamspdmeoarphyabpining agugh preductivityHowever, wit hout
limting t@ gﬁf exanpl e, there may be enpl oyed an exanple in which

t he upper ©op ng of the box part 41 is covered by Mo foil so as to

gﬁl; In ggealgr ocsg%h@arayham@mﬁﬂ WhRh ib SrdifQHRl &&d RS HeuRe aPpRGessS| Ng
in gene1a1 is employed as the processing box 4, there is a possibility that Dy
in the vapor atmosphere and AlzO3 react 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 Th, it is
necessary to heat to a temperature of 900C 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, Tb, 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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| n case the Vacuum vapor processing apparatus 1 is constituted as
descri bed above, the speed of tenperature drop in the space 23

encl osed by the insulating material 21 is |low and, therefore, it
takes tine to take out the processing box 4 that has been processed.
As a solution, there is provided a cooling neans inside the
processing furnace 11. This cooling neans is made up of a notor 52
whi ch is disposed inside a housing chanber 51 fornmed 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
whi ch is megress 16 axermede wisMar t Asoadofe tthshispawangamenindvien dhel ar

el Shbor NEBHeTTIe e SR SLarea chersy SHabtnia thogstnthe Faetaf eyaRorating
i nsul at i - e 2 i l10S] LrC rencg,..of t an
5.1 1 neREL AN el el S86 H°HRGChAR BbhC T AET On g MEed
can be cikhgtd,adinek dhoRpgodcReingabdx Ukl CE sBhpleh@nlstthition (@M%éﬁauy The

tubul ar body 54 serves the purpose of a heat exchanger. [0036]
In the fisefedemstartionhsn whidnthepiad pagti4f isalbeodt ort tee wpysarl sairfaeg of

material 21 there are forned a plurality of square openings 55a in a
manner t o‘iei ]@’%B%s‘{]v éﬁ%@ I8 FcPOSINREEY that past 88%111?( eyapordiRdraorngdealpt

Loors o PO Puttitl HLBLLE Y Mo BRITRNGRR AR HRERRORP R BaBliaHhet oo,
is in. copmueRtdN siick RheassPRsSa0RataS1vl ahdane é@i;t?ﬁ?%&ﬂeb?ta\“@e”

the inner wall of the processi ng furnace 11 and the insulating
mat eri al @2ade @feéMentheyf wilengaraphsatiyehsdtnetsl coapaetieg matdrivd, the

tubul ar body 54 apd the other end of the g passage 56 is. |left open.
Accor di ngrqcevqrﬁeofggb%r@%wi rﬁvappwlrggagn%f&ﬁagz\f cadi@mdatt@dthenm%a%%ce
23 by ope i e 52..Lor te, t f , by..t h

pr ocessi n%lgﬁ)%%ﬂ;%ar? gg&eﬂéﬁs’r b]ga{sﬁ'ar i ﬁ/ﬁc g%llg%.t Ic%gg]eﬁg@ﬁ{rg%g?’e%?%} it
becones paspollitng heiteSXREPIR; ah@ PEthEY BraApRARIUIAIP GEERY S BYtihPWM Y
cooling the object S to be processed after processing it at a high

t enper at urespumes tod genholr erpguestahlepruppdssi ng of the object S to be

processed @l) rﬂpi dly cooling after heating to a predeterm ned
t enper at ur 032 case a square opening 55a is provided in the

i nsul ating ' re| 1 ssi by li tyg D '

ef ficiency gsellgc‘]gﬁégll’ p%%(r“‘e %ﬁng @?@[%nga% %f %sheﬁé@%%gr%%bgv%?%&g%e
emtted Izlmo@egsheg HOEBSGSLNE Kot &R EPLa high Rsnperafirdof @Bevd NROST Uhege
opening 21c is provided with a reflector plate 21c which lies in

cl ose pr asiarhigh réperducbiiig ofithe rehatangriemperatuae.gddud habhe freetghabr e
openi ng 5%a. The ref]| ector plate 21c . is alsg made of Mo with a

refl ectiridiel Hrmalopifisiengy Resemes ughshy 3&@@4&%{ gyocessing 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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The processing furnace 11 is provided with a gas introduction neans 6
whi ch enabl es rare gas such as Ar and the like to be introduced
therein. The gas introduction neans 6 is in comunication wth a gas
supply source and has a gas pipe 61 with a mass flow controller

i nterposed therein. The gas introduction neans 6 is used when a
predeterm ned anmount (e.g., 10 kPa) of Ar gas is introduced after the
vacuum vapor processing has been perfornmed for a predeterm ned period
of tinme, to thereby stop evaporation of the nmetal evaporating

material Wo kilof, T 4ded @6 kilgy, fandneaiid), €50 €O est dHddY SSBYE 8altk
usi ng the vacuum evaporati ng neans after the evaporation of the netal

evapor at i eiemeter i They thay bbaensttwipddy, atiredwrtomeshichga dilambe thekd
can be reduced in pressure to ,a pressure which is higher than the

pr ocessi ngodigriakicis fanmed an the s g magerialias grog@ey Iining. | n t he
exanpl e of [é&j@ invention, a description has been nade of an exanple
in which the 117°d part 42 is fit into the upper opening of the box

part 41. Howe i WPl
enpl oyed an e%ﬁp?%%rp%&%%eﬂ 8’3%&6"2%3%%{9%? ytﬂgﬁggf‘r@gﬁm}hﬁi S

cover ed bynddilafing materials 4ioa dvkenrpace fhicrebssicng. clhintiiecadt) bihadking
i solated inside the processing furnace 11. [0040) In the exanple

of the i n¢aht Flam inneraost inglpbngrmsteriad tonkelof Mo amkex ahplcest pamibiech
a bearin rid,4la i rovid in the proc i chanmber 40. Wt hout
ottt o ifEy PukdeRor i BakkpRLians bl A BF pethentBedBpoct
Stob i Lerl \i i d
Spart fr oAIRESEE haldijaifia Mkidly 0BRGN Gl Wallof3RE pRoeBARE

met al evafomace 1y N tid elanvplead this iprewor, edddseriptige his heemdheatead to
the object S to be processed and so that the evaporated netal atons
can be supplexainle pyehichithe did pawtr4lcis B inthdhe Mpper osening 9 the box

e T e
eat the Ll oaalBe i e e ohinE RASRLE Reft 2Fif B0RIT L METT
means nay fdik sdi spasedefie anpstsdine ddfanithe 40 ahes Sk rigolbed fside 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 is 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 ig of a known construction and which is
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

(cooling water) can be circulated along the wall surface of the tubular body 54.
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[ 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 anpbunt of evaporation of the netal
evaporating material can be reduced, holding parts 431, 432, 433

whi ch are recessed in cross section are provided inside the
processi ng box 4, thereby holding therein bulk-formor granular netal
evaporating material V. The first holding part 431 is disposed in at
| east two in nunber at an equal distance in the circunferential
direction of the side wall so as to be positioned around the objects
S to be pitbedubeldr bhdy Sdmserwds shoputhwn of Adichbexdmmigar. paral l el with
each other ( 8§%fig' 5. Inthis case, they may be fornmed into an
annul ar shad@ as to extend over the entire inner wall of the box

part 41. The se tng.part 432 is.di.spgsed..on .th ottomin.a
plurality of %Eﬁ%ﬁgﬁﬁﬁgagg@%g eécror]ﬁ%rF'e"‘T'dJD ghg’t%ﬂ)c%ft?’& %ﬁ@ﬂg&gﬂﬁ?ﬁenﬁd
t he objec i d, ( i g 1:0) -
FUrt her . Cna e F e R R P o & P 1

surface obppdestel iodegrhr 6thé2 (GrearFbgter Aeriphery thercod sBereshie forivkd a

openi ngs 433a_are provided on an outer periphery of the holding part

433 so t hplurehy dapuranisatine papsages FED @Rl disthret topneranabigrect s
In this atrangenent e anount of .s

S to be processed. %bnh %.pl.an
advant age@ﬁ@?ﬁ b ea&?lﬂglgﬂcagéoﬁ’eﬁgﬁ?@eﬁé &5 dPePrymupifd JBEeﬁ'il gas
[ 00421 pass%.ﬁ—!‘ﬁ 501 Richehfy ﬂl{;&ﬁ)@sé&) bEbisn thd MLpuoRat MeSPIr']cgzessmg

descri ption be made of I nprovenent 1 n the nagnhetl z

properti efuraack thenditlie iinlan@mdtbaablnt eDre end@hehe Sadyadshge BOGLIUM
vapor processing using the above-described vacuum vapor processing
appar at usconnetige RtheduBulrasyeit aagithe obhertinshof thet gas wisisags 56 ds be

d, i factured in,the foll| ow . JJhat i , By
N, Co ar BTnPRR ACcat BB B rRREkBitodnt koA 25 BbeupHaed 5 £ of
0. 05mM 0. byg t z d ' f
about | Sl RY OF iy R e Ty T hmn et P o) PLanpPRIE Y ]

A smal | apmdedsind bé3d cdh be RybitiErilyboled. Ga may be added therein

during the forpulation. Then the manufactured all oy nmenber is once

ground by t887known hydrogen grindi ng process and then pul verized by
I OCess. d magnet

the jet-m || | veri zi.n 43 The sinter
mentli oned abo er@%%e“?vﬁ'ﬁﬁﬁ”&%sc LRCEEI%SFS‘/ T]f%"r SR e T9r ASHET Rt} ¢ o

d t . . H . o .-
3 Dbt rachRShE s sl B d SPpRRM TR SRIRLARIORE o
possi bl e ‘4 hiflurtbigerdtips,ovtetd berfoBanAtdneh piropaisingest yie bhjeer Sofonesl

the vacuum vapor processing on the sintered magnet if the sintered
magnet S prosedsedbyheptidr ecmling afterr kending to 8 pedetermined temperature.

Femper at LRI FHETP S BIREchSBOToT st e CRrRIEHaE SFAPBR] Al there
PrOCeSS. g 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 2lc is provided with a reflector plate 21¢ which lies in
close proximity thereto and which has an area larger than the square opening
585a. The reflector plate 21c 1s 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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[ 0044] It is preferable to optim ze conditions in each
manuf act uri ng step of the sintered magnet S so that the average grain
dianeter has a range of 1 IL m5 Unor 7 m20 m If the nmean grain
dianeter is larger than 7gm since the spinning force of the grains
during generation of the magnetic field is increased, the degree of
orientation is inproved and additionally the surface area of grain
boundary phases is reduced, it is possible to efficiently diffuse at

| east one of Dy and Tb and thus to obtain a permanent magnet M havi ng

a renmar kabhy ahgghppeadicinvih hahess fibk doh&oﬂ@ﬁﬁh@g;@ds@ddﬂm@f@ﬁewhé gas
| arger than 25 IL m the rate in_the grain boundary of grains

i ncl udi ngivtrddustiontmepns f ivnpeshwaeh enpiedeteneigedpmount éxgy dA8dRa) of

i ncreased,and t.he degree of orientation is deteriorated and as the
resul t of MRHRSHS F%@O%éggﬁrﬁ}{ﬁl'e%rW%%er, PLOSRREHE PaF Pest BeveT®ed ang

the coer Ciye bRIdEaalifed FUHEA®bS thA04) télﬁ]reblyh&aP L NEpEh ARGl L e

"
nmean graln met er e rate of si ngI I'n

grai ns i Sevdporaaehastial ¥ ¥ 1heSpbtessthgPRIFAREEN] is rJHHGBE N PRVshge
very high coercive force can be obtained. If the nmean grain dianeter

i s smal | eby tistng theuvaguui ryepotadingrmeand aftad dhy ebapuoration sdiwhé rastel

conplicated, the tine reguired for performng the diffusing process
must be eSYAPONRIYSE &xdteriaby hatbeansiopprd, jhe dresssyingychiaznhps Agbasedbe As

| ar ger  beraasts phgreeu 45 BAREr A P IR feor Y RRBoEREE st

boundary phasfsy by halfef @A, the oxygen content of the sintered magnet
Sitself nay be 3000 ppm preferably bel ow 2000 ppm and nost
pr ef er abl y{088Pbw 1000 ppm [ 0046) It is possible to use as the

met al evaporaji material ,V. an_allqy inc]uding at | east one of Dy
and Tb renar ilfavo?@e .eﬁﬁnei% A thiseinypRRAn.nA diteesiRtion ihast besgymatde of an
pri nci pal ool i It S| ) inclyde .t herejn
P 1 P I s R TG PSS oo RELAE s
force. | apddibiever! Rethoat AmBMAPS Md BeaPleSihéde MalyShdBARIRSd%n
bul k-formalloy fornulated at a predeterm ned m xing ratio and heat ed
e.g. in axxammgefinrwiick thedpphenparingndgdbe box tphet pi ax essired) by Morifel
descri bed bel ow. ) .. . .
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 matexial 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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[ 0047) Then, the sintered nmagnet S manufactured in the
above-described nethod is placed on the bearing grid 4la of the box
part 41, and the Dy which is the netal evaporating material Vis

pl aced on the bottom surface of the box part 41 (as a result, the
sintered magnet S and the netal evaporating material V are disposed
apart fromeach other in the processing chanber 40). In this state,
the lid 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 gﬁﬁﬂ; the setting table 3 is housed by neans of the
fork-shaped transport part T into the predeterm ned position in which
a position i nFuhihel w@h@ﬁhtihnﬂilgﬁaﬁtth%o&gsl FURP QrAQdtdD¥ridh@e SHAPQRE | NY
menbers 15. Then, when the open/cl ose door 13 is closed, the

processi nepdeifimaurdackiates didherstdtehétaposetahpthatdiial Yriseewmdl sugthadthd i s
positioned in thgé%pace 23 tp be enc|osed by the inﬁulating mat eri al
21 i nsi de?PRBHCS E¥eRpFRIIONyPh K Metat e¥apqrakiss makayplogan pegedyced,
Then, theypr i ur,RAaC I vacuat 10 redet erm ned
pressur o PRIB PR HACE ik BCRIALEY h B HRESh A i
chanber 4fside SHABHRLEANE Dok A Beselyehbldats tBerBid BRIk-RYn8 brdhular
digit). Wen the processing chanber 40 has reached a predeterm ned
pressur e, mebdl dvepbraigngresaterid]l Vs Gherfasedolding patrt 48k ipdispessi irgabox
4. \When ;ﬂf tenperature inside the_ processing chanber 40 _has reached
a predet eleasinbuo de AydkaT Alean eapglidistance e 444 raccupyferandind devgcon ohe

oubstant | e S8 Rlarl 08P EOBETLIRERAMREI h bSeDER B0 Brocssqed fhay
vapor at np&piiep&sddSort o6 bbb HASIRE Wil 06828 (88 PhamPe Tniis

When Dy starts evaporation, since the sintered magnet S and Dy are
di sposed eseathbiys twarycbe flonmedanto an remulahehapd so ms tposaibhd lovey théat

the nelted Dy directly ts adhered to the sintered magnet, S. Then,
Dy atons ?Wﬁ@n@y“\ﬂi]ﬁ?ﬂiaiﬁwaﬁfe@e arke sagpp heldlingprgcddis sisnoedugh

hoat a0 HREBhfiehR § BNty S nhlihett B £ DEEalBARea ARk, 18P S
of directpap ,an@namegﬂﬁe@gl kapad (B8t are BRpaHAEHRF AN uh S (ééieflfig.;fﬁfj

into the grain boundary phases 'of the sintered magnet S, there
obt ai ni ngFatthepnehethizdthobdiggenriviid] Be48pended from thadewen suafae of the

pr ocessi in order to ppprove.the gnetic properties and .

product i ofd eart 42 g‘i‘?@yIleg} Fﬂoénﬁiﬁ Greaniic b GRATHRES 454 ATOPRAVIA US| on
into the [ of.t.he sin n f th

{0 the 8 BufePRundat Bhage bk ke B8 EOTRL BECRLF N
For this pudbl0%8 bd buppliddl i t8E dpjRtd O t61be PPSRsddd. | TnRHIHa1$hBdnent,
(substantially spherical) which 1s small in surface area per unit

vol une ( stiecithbenisef ftapdy ase ajlvantagbeudipbe adisfted depgrding snithg area
chanber 40 so as to reduce the anount of evaporation at a

pr edet er n9i88 OPEWIEr ature. In addition, it is preferable to control
t he heati NGoaBRNS 2 to set the tenperature inside the processing

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-FeB
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 0.0bmm~0.5mm by the known pre-cast

method. Alternatively, an alloy of about 5mm thick may be made by the
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chanber 20 to 800C 1050C, preferably 900C 1000C (for exanple, at the
tenperature inside the processing chanber of 900t 7-1000t, the
saturated vapor pressure of Dy becones about 1X 10- 2 "Ix 10- 'Pa).

[ 0050] If the tenperature in the processing chanber 40
(accordingly the heating tenperature of sintered nagnet S) is |ower
than 800C, diffusion velocity of Dy atons deposited on the surface of
sintered magnet S into the grain boundary phases is decreased and
thus it is inpossible to make the Dy atons to be diffused and
honbgeneously penetrated into grain boundary phases of the sintered

magnet S bapyneenfaiugal sastingimethedr nbgmedl ameuntupf GueZufDyiTh o
magnet S. t he, ot her nd. if the tenperature exceeds 1050f, th
vapor pre PRyope Iﬂ?ﬁ‘?ghcgﬁ’éérlgail&an%ﬁ%e E‘E\R%Oﬁt @ﬁﬁnitg‘etlﬁén e

at mospher g11ay en SXRESH ¥Rl it bt iQling!

magnet S. I?\iaddi tion, Mié s af r!éfdh%’%tﬁwgyhﬁym%g%%?%‘gmﬁﬁs?2%%5?%{1%
grai ns anghéd palwerisedbyg thé@trmdhetlveédkingbrodesthe grains is greatly
reduced, th maid mum ener gy product and the remanent flux density are
further red { [0051] In order to diffuse Dy into the grain

boundar has before,the thin filmo is, forned on t ur f.ace
of Sint erod ni‘glﬁéintg,req masng P’c?n@ronn}l@%?‘%/ cazp,bg man %tar# ﬁ&'ﬁ@%gky
Dy pl aced r i

Dot ol e P gt ABDREAREN 4 BEALDREIRAREaDE SIUATRER vflahful:
grid 4la phrdlkéopipet es i dylindsaibarmdld bys usigp heghticafisldngembtidn I10- 4

-2 X 103. In a ratio other than the region of 1 X 10-4--2 X 103,
t here ar emayskespogsihle ta furfhar imppevsf theymageetibpiopetidesmien werfemed

surf ace oy LLELedTNEL 5,508, LIS B Becanent. guanel havi g, oh
1579 1 P16 g seltad DSk 09l e ol i
to the sitwvernedrsagndér 8 predetermined temperature (in the region of 400C~
700°C) 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£m~5
pmor 7Tum~20um. If the mean grain diameter is larger than 7 ¢t 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
it 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 5 ¢ m,

the rate of single domain grains is increased and, as a result, a permanent
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to” be suppressed due to the reduction of the vapor presSure as well
as the evaporation_anount of Dy and al so enables the diffusion
velocity to be accelerated due to heating of the sintered magnet S in
a predeterm ned range of tenperature with making the average grain

di aneter of sintered nagnet S to be included in a predeterm ned
range. Accordingly it is possible to efficiently and honpbgeneously

di ffuse and penetrate the Dy atons deposited on the surface of the
sintered magnet S into the grain boundary phases of the sintered
magnet S before they deposit on the surface of the sintered magnet s

and form wiwvegrey Heayeg vétshhipht dendivé SemeFdag b8pbtadted If @htlrhean kris
possi ble to prevent the surface of perpmanent magnet M from bei ng

det er i or atéanaley 16 gaaber dhamd 4 meRinseithe gesiadusindery begonessaall and
i t f i nt d {. it , 1t
Doasi bl o EheBFaRH b B L e e, AL Cieie BFas Rt & on
f t . . . t :
et 1 o ety G1@hled AR Ghe MBI LASEAR LASHR RhELSH

ef f ect i ve mapmes e tiea miallerslyn airionat oo Bxﬁ%d; SREER, Yiee Ie&g@ﬁb&io&ﬂbs the
Dy-rich phase (a_phase including Dy in the range of 5-80% in the
gr ai n boufBeadyohtitisipnaefdDy ianddbhlintodhe grhirchourslagypdiakes. iTherefore,

e,
productivity w thout the n of. finish working. ].0053) Wen t he
manuf act uﬂé% & ﬁ?rér’:@&%‘?égﬂgt%g? Ssxpgerrﬁédmtagn%t ggé‘i*”?édm@ﬁnb? RO PBRY by
ire cutti { 0, i i I net woul d be
\émometi ﬁesbg%?ﬁi%f’gﬁmdr@ rai:ie}?gil?gg?%gf%ﬁgﬁgg 1?&8ﬁlo§§ pgr%gc ks | nu

grains in {¢®edrinci pal phase of the surface of sintered nagnet.
However since_the Dy-rich phase is forned inside of the cracks of
grai ns near tHeismopsible &7 usheasithe emethlnexgporathye peatborahiViget fadoy

vacuum vapo rocessin t ma izin roperties and coercive
force ar eP”r"i‘éfﬁ%ﬂgi?angB%&%Y a%ﬁ%ﬁ?’f"gﬁ% Pmﬁgovb%%ﬁhea%f@é‘a magneke
neodym um,pRERAGhy off bHRCRA PhalS I WY EYENE: GO BS I As; et.
However , acco???%g t% th p?esaen't II% n%n?%’/%n,t ﬁl%?n@% p%g“fl&iectﬁggﬁgg‘gg
havi ng exthersil NdhPghAL @u, @ ete. hesiddran darthes haprivetherdobrd fod&d. on
resi stance as conmpared with Nd exists in the inside of cracks of
grai ns nelr adgiion themete) etapsrating arateriahdhist madd agr aibmlvdema allpy
phases, i} is.possible to obt.ain a permanent net having extrenely
i ghcor r BEPONERaH t BB RS ROSPIRLE 6t POOPOR & o4 PR duracs
Wi t hout ugjag EUELIeL Sh j intermetallic
conpound |§ir11cl udi %1(::1 a%g "{Pn ?ﬁgre&gr aglgﬁfgo%un g?fy&gﬁg%%ﬁg%?ﬁt he sintered
magnet S, [0pd7dretal atons of Dy and Tb deposited on the surface of
the sintered nagnet S are further efficiently diffused. [0055]
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 hox
part 41 (as a vesult, 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 1s 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 dooxr 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

20



~

Finally, after the process nentioned above have been perforned a
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
processi ng furnace 11 through a gas introduci ng nmeans 6, evaporation
of the metal evaporating nmaterial V is stopped and, at the sane tine,
the notor 52 is operated to cool the processing furnace 11 and the
tenperature in the processing chanber 40 is once | owered to 500C
Conti nuously the heating neans 2 is operated again, the tenperature

in the proce s.,set in nge of nd heat
{r eat ment RSIRHAG FATeTAL 2t G *ih%é?mw?ﬁm@ e Holore Fis. A5
Finally af t(?(r) he processi ng chanber 40 is rapidly cool ed
substantially to roomtenperature and the heat the processing furnace

11 is vented, Thg, apenpdcesindORindcd 113 aPeRacLaBd e %?édét@ﬁnﬁ@ﬁ' e
3 is taken out by the transportlng means. [ 0056) In the exanpl e

of the presessré ﬁ&;gnl%dﬂ "Bix mmevaCMgbaemnﬁ%emrbMSm@aahaﬁgbews
used as netal evaporating material_ V,. i.s al S%@ OSSI ble to use Tb

having a FowsvafRsaadede dr BI9SEUES Fhg e biehs o endﬁ@rt)at U¥hep gbec- -

1000 t) o I th t

di f fusi onfpr6 OSCII ?néh%éﬁﬂegp%@ggé 1§%§% gd‘%;%ﬁ eﬁr %/Sv% tﬁnc a{é}gg

| east  onen&nsDy @egeﬂed W afeat mﬁe rﬁs@,@sﬁ\galw at | MholBIHR! fofd eYatu%*eTb
t he evaporating chanber may be heated in a range of 9Q0t'-11I50C. If -
t he t enpeisdide éhé proceasngtchamhe0d@d, hasheavhebn m‘eéstemmmecdammnera’eaeh a

| evel enabl i ng to supply nlg)? Tb atons to Lhe surface of the sintered
magnet S. bfetReedoPrREFUANAY dispoged dpEicabatiemeseae At the poecessiBgi s

excessi vel (R s, the maxi

pr oduct aﬁ% %T‘?gr ggr?rghl(%%{e(a ﬁ%hS%bgt %L!g]i %ﬁg Lé te}%’c? r%ﬁ%iﬁ] e%y%ﬁftt he
exanmpl e ofvhihganibRsent vapuﬁrutm%phéleser 'tE&é qanla@@ ineREe ﬂﬁdeléﬁesﬁﬁg
exanpl e of inproving the nagnetic characteristics of the

si ntered chgmbéer 48. aWleppDy cibite eeaqmrptlenmlnwdm/ammnedm@met S and
processi ng apparatus 1. It is, wever not lLimted there

vacuum vagb' aterdsposed i %‘éa‘ﬁ%‘? m eggh ptherhese it ng H%Fhljl%%?é 51
used in ‘ﬂe% &4 df%%%lg Sse¥s ndfe@d B BheelBY GldoAbt shaﬂeﬂﬁbﬁrdt&ksa“d

ceram c rra e
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 umiform
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 proceesing

21



I-n et her words,- the hard metal material, hard material and ceranic
material to be manufactured in powder netallurgy is made up of a
princi pal phase and a grain boundary phase (bi nder phase) that
beconmes a liquid phase at the tinme of sintering. The liquid phase is
general |y manufactured by grinding the entire anmount in a state of
being m xed with the principal phase to thereby obtain raw neal, and
then by sintering the raw neal after nolding it in a known nol ding
nmet hod. I n case the above naterials are manufactured by using the
above vacuum vapor processing apparatus 1, only the principal phase

(in this ¢hs@bet Qo S0DITASLOBHEY, PrIEIaB1PEOECAL FITRRY) (fdrSexhidpis, ANt@uNd

to obtain raw nmeal. After nolding the raw nmeal in a known noldi ng
met hod, t hempewpdincg msideethequrpesskinigahainshes wf pO0BT HYCOOIE, dirostturaedum
vapor processing before sintering, during,sinterin or after

si nt er i ngYaPYRESEsuRe<H I3 bryores ahret hidlngeren lﬁgﬂ)subsequent ly

suppl yi ng F&ﬁ%ﬁnlded princi pal phase with the |iquid phase,
peculiar gra phase conposition can be obtained due to shortened

tine of react{PRLM {bhidhgtftbi Fi1:RA! pﬁw@s%gl;q:ﬂaﬁﬂ)%ﬁt Y (accor%igg% the

hi gh- concentrati on dem xi ng or segriegati into the grarn ary
phase, andesting [teh@erdnra of esnlered mhadret el poasi filae BOOTRRAMfagbn: €
a hard netal material, hard material and ceram c material having
mechani carelseiteefdly, atoars denasited yonhihe sityfacevigintesed masnet Wainje the

[ 0060] ._For_exanple, Si owd a C pawder rhon bl ack).. of
aver age p§¥W&°8ﬂ§%EYSB%?ée&1% g?&%?% %mﬂ'?]%‘é%ﬂilﬁ %Pésr‘cbalef’ i’%aqf?f ﬁlfd?& to
obtain ra I : Mead 1 | tg@g]
obtain a %%dg%%ttgrﬂréihﬁle sﬁlape o] ﬁﬁ%ﬁﬁ%@%%&%%ﬁtﬁi pgjlwgﬁ ase). Ci?‘g%n,
t hi s nol deHadedyf the simdeed aapeeta® befire the Shihdilbe iplomed sattha Rtrks 0

Si is selected as a netal evaporating material V. They are contained

in the pretdsteag mesnet arfdp theothey haad; ildhe|temperrivee exreedh d08Pened
PR o S . WIERRY S0 £ IR AE ot i PSR g 000!
[eggleised Rinddpheleatd HEBERG stipbfisd H8tolthE AFACE SFLRGrbH ARt El1n
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 1X107*
~9X10%. In a ratio other than the region of 1X107*~2X10%, there are
cases where a thin film of Dy and Th 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 X 1073~
1X10°%, and more preferable range is 1X107%~1X 102,

[0052]
This enables the amount of supply of Dy atoms to the sintered magnet S
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Then, the processing furnace 4 is depressurized by evacuating via an
evacuating neans until it reaches a predeterm ned pressure (e.g. 1X
10-5Pa) (the processing chanber 40 is evacuated to a pressure that is
hi gher by about half a digit). Wen the processing furnace 4 has
reached a predeterm ned tenperature (e.g., 1500r-1600C), the Si that
is disposed on the bottom surface of the processing chanber 40 starts
evaporation as a result of heating to substantially the sane
tenperature as the processing furnace 40, whereby the Si vapor

at nosphere is formed in the processing chanber 40. If this state is

mai ntai ned for a predeternned period of tinme (e.g., for 2 hours

the |iquitP bhmpwﬁgbrd@ettmhecredmn@ of $he yppbi eueasugaaahgrelbvas lthe he
sintering of the r|nC| ase whic t he. nol body, therepy
i act GPVARSERRE APPPED et CA g Alr SRRGS (Beaftasion VHisgltE; o Bon

carbide c V. h S

bendi ng stg (?cgggg'%f'u exceedllE %%4%%/%%%%31 ﬁfl g&%(r%a%?ggje etteﬁﬁlnnegsaﬁ

MPa  na3. of Rerdtirat e Saith intalgap the as6eBe thah dlbmat@rcq@ﬁ&bréaﬁiagnéﬂ 9 her
mechani cal strength as conpared with the one that was obtaine

m xing Si® ;hamkuﬂu@dj 16 pomnmiett{ruanbfbmdnﬂgac lAccafdinglyaite is gosgihlet ltm:I e
size of 0. ‘ia a nol ar t%l . 2 to thereby obtain raw
meal ; nol &n@heal} HOmEgPREaRS tHeEgtrake ghe A teRIt eamopiged ¢

Eﬁugﬂﬁéi?f n 1% Blgiale e Stebed BERLOS bR R PR b R g
equi val engintdrell Hea ARQ\Eh&BR: leFAUePBsid Bh %hé‘ @Gh'fhéb SRFR Shilek&DMaGREDS de
ceramc is obtained by: sintering a nol body under predeterm ned
condi t i onsnd f6@0Che Dhdayes) (thrmﬂlmhéﬂeesﬁhng};lArgatﬂeeultprmmspdssmﬂB of
the liquid phase mat ?I’I al_which is Si % % ng t he vacuum vapor
processi nBreYpBhFha sirtace ofmexmanent magng g’ij om elﬂg detegonagedzand fher ed

regnet el TRELAR, bReRefly A4 0t SR, 20, Y B

magnet S kiht@bll RigRR0TP RM iR ﬁéqf@gl@legf@bmﬂi ag&&ﬁfaneﬁt FHPRWEM
used. In this exanple, the surface ‘of the sintere magnet S was
fini shed aswhash ngxctelsavelﬂlffaemnr aduDnasmsointd Ergimmboundesss aralr then
washed by a%aet Onf the sintered magmnet 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 bhases and, in addition, which 1s superior in productivity
without the need of finish working.
[0053)

When the manufactured sintered magnet is forméd to a desired
configuration by wire cutting, the maguoetic 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 ingide 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.

f0054]
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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-[F0064}-- - -Then; as shown schematically in Fig. 9, a processing box
4 was housed inside the vacuum_chanber 10b whi ch has connected
thereto an evacuating neans 10a and a vacuum vapor processing
apparatus (experinmental apparatus) 10 which is arranged to heat the
processi ng box 4 under a predeterm ned pressure and tenperature. Dy
atonms were caused to be adhered to the surface of the sintered
magnet S in the nethod as descri bed above and were diffused into the
grai n boundary phase before the thin filmis formed on the surface of
the sintered magnet S, thereby obtaining a permanent magnet M (vacuum

vapor pro [ ~yich N ' I [ I e rRINEL s ced
on the begrﬁiﬁ%gqggingh4ftggiéi ?ﬁgﬁgrgﬁ%ﬁ% g%glnbecg%r 40, gliﬁ?ié@,y@%f %‘g 9
% degr ee aftmpuphdric wasosiaetksitahteasredmpaedapinhdid egistairethinsidehe
metal evaporating nmaterial is of a bulk configuration and the total
wei ght of clacksei graasmeasthe vaplocaof fhp sintered anagnes andagrain boundasy
bottom surface of .the progessing chanber 40. [00 . Then the
vacuum chaNBSTS dhis Bistblpdn JRLE: & EETRaneA MaEch BaESTanry RRE
processin I . I ng; ns
and the tgcr)rlgggig? Elre 21 0 IC? h%ﬁd;%cl)lge %1 ?%S%gﬁ%égér%gkﬁcgﬁgﬁw jtuﬁglgn@'

heat i ng néaRtheintas sttt erdTdbot NG iHASHIHHAV3REOMPBLAE AEENAHINVES in
performed for 12 hours after the tenperature in the processing

chanber 4thé gthindxsnddry phases(@oipasiatered nidgnep Se thy nidebsjoms of Dy
and Tb deposited on the surface of the sintered magnet S are further

efficiently diffused.
(00551

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 is 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~650°C, 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 pressute in a range of heating temperature (900°C~
1000°C) of the sintered magnet S enabling to accelerate the optimum

diffusion velocity. Otherwise, an alloy may he used which includes at least
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A filmformng process Wwas performed against the sintered nagnet S
sane as that used in the Exanple 1 using a vapor deposition apparatus
(VER- 200M ULVAC nmachinery Co. Ltd.) of a resistor heater type using a
Mo board of the prior art. In this Conparative Exanple 1, an electric
current of 150 A was supplied to the Mo board and perforned the
filmformng process for 30 mnutes after Dy of 2g had been set on
the Mo board and the vacuum chanber had been evacuated to 1X 104Pa.
10067) Fig. 10 is a photograph showi ng a surface condition of
t he permanent nmagnet obtai ned by perform ng the processing described
above andomg of Dy @ayl Th. Mmtﬁggrmptﬁloévama@ﬁmtma@cﬁa}aﬁn'st T8, the
(before processj.ng)., It. is found.from . this phot h L1 n.the
sintered ﬁﬁ%?élggo‘?han?}%ﬁfro?@yp %@@3@&1&" aaf u@ﬁ%@é\ki%% ?rriqstlaﬁuch
as voids PN P L.n ai -grai
‘Béng@gartﬁfehléaﬂg?eg‘l g%kx o2 tHe qglkﬂggg%é'ss%@%gnﬂéthggacg ?1@&731

traces can seen, t portfons ear when e surface of

the sint eeﬁgbm@ﬂ)eéuﬂfﬂy%ﬁy%%oﬁﬁé toNBeldurfaY F the Bimfeded! bR $.rOLNe
Conpar ati ve Exanpl e (see Fig. 10 (b). In this case the neasured

val ue of the otheedendf at héerﬂyelraayme}(aehéimgfﬂﬁﬁﬁ,\iﬁsis@&censix@ly tiféuised
contrary, it Ls found in_ the Exanple 1 that black portions such_as
voi ds of Mgoithe grajrgeaddhug dhe maxamuy eperey paodect aadthg ramemest frs

substanti ?%)xlxéi s%%%%% é(fose of the surface of sintered. magnet of
YA g7. f

"before p h'addition it is found that Dy has been
efficientl ypg7lfused into the grain boundary phases before formation
of the Dy | ayer because of the fact of weight variation (see Fig. 10
(c)). [0068] In the Ekampldlof theapteabhteirsientmiongdtdeeiphipgniets loeonr made tafes
of the pernmanent magnet M obtained in accordance with_conditions
descri bed2BEB¥RP] rogng tep apragnedic sharadenstigset dhe MelgheB sintaged or e

process (qr e.p essi "o h in the table as_a

Conpar at | HeeBgh s o RGRR FhpyS of 86 Sahuh Mapl P Eied appetaipr e
the coercihverf @& CRowaserl hof 1R thidrdtheh el Phe vaduMR00eorSpRabedis
vacuum vapor processing, the permanent nmagnet M of the anple 1 %as
t he maxi nuppanéungy} girthdupesaft iH9etiddtdey bhased immeaiufbttuxingersi.ty of

14.3 kG and. the coerci\i fqorce of .23..1 kOe, and thus the coercive
force canbpel MmebH matega ariﬁfarf%‘t?w‘lﬁﬁﬁrcéml.c @@ Description of

t he Draw ngﬁ)]%]

Tn 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 lHquid 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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[00691 " Fig. 1 is a perspective view schematically explaining the
construction of a vacuum vapor processing apparatus; Fig. 2is a
sectional view explaining the construction of a vacuum vapor

processi ng apparatus; Fig. 3 is a front view explaining the
construction of a vacuum vapor processing apparatus; Fig. 4 is a

secti onal
secti onal

vi ew expl ai ni ng the processing box; Fig. 5is a
vi ew show ng a nodi fied exanpl e of disposing an object to

be processed and a netal evaporating material;

principal phase with the liquid phase, peculiar grain phase composition can
be obtained due to shortened time of reaction with the principal phase and
due to high-concentration demixing or segregation into the grain boundary
phase, and the ike. As a result, it becomes possible to manufacture a hard
metal material, hard material and ceramic material having mechanical

strength, particularly having a high toughness value.

[0060]

For example, SiC powder and C powder (carbon black) of average

particle size of 0.5 4 m are mixed in molar ratio of 10:1 to obtain raw meal.
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
mounted on the opened upper surface of the box part 41. Thereafter, the
processing box 4 is 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., 1500°C~16007C), 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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Fig. 6 is a sectional view showing still another nodified exanple of
di sposing the object to be processed and the netal evaporating

mat eri al ; Fig. 7 is a sectional view showi ng still another
nodi fi ed exanpl e of disposing the object to be processed and the
netal evaporating material; Fig. 8 is a figure schematically
expl aining the section of a permanent magnet nmanufactured by using

t he vacuum vapor processing apparatus of this invention; Fig. 9
is a sectional view schematically explaining the construction of the

vacuum vapQor: processi ng apparatus used in Exanple 1 Fig. 10 is
lictp faHide feraRie.

an enl arge per manent magnet manufactured by using the
vacuum vapoypggglcessi ng apparatus of this invention; and Fig. 11
is a table show ng the magnetic properties of a pernmanent magnet
manuf act ur ed i Thaceidicdanegrhidd heebx@im | eadufatidrbi sin Nikentabove-described
e P thod has & bending sirength excocting. 1400 MPa anil its fracture
g
toughness is 4 MPa - m®. In this case, it can be seen that this product had a
higher mechanical strength as compared with the one that was obtained by:
mixing SiC powder and € powder (carbon black) of an average particle size of
0.5 £ m at a molar ratio of 10 * 2 to thereby obtain raw meal; molding the raw
meal in a known method; and then sintering it to thereby obtain the product
(bending strength: 340 MPa, fracture toughness: 2.8 MPa - m®). Tt is to be
noted that a mechamnical strength equivalent to the above can also be obtained
in case silicon carbide ceramic is obtained by: sintering a molded body under
predetermined conditions (1600 °C, 2 hours); and then supplying the
composition of the liquid phase material which is Si by using the vacuum
vapor processing apparatus 1.
{Example 1]
[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 314 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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lvacuum vapor processi ng apparatus 11processing furnace 2heating
means 2linsulating material 22heat generating el enent 3setting table
(setting part) 4processing box 40processi ng chanber

adhered to the surface of the sintered magnet S in the method as described
above and were diffused into the grain boundary phase before the thin film is
formed on the surface of the sintered magnet S, thereby obtaining a
permanent magnet M (vacuum vapor processing). In this example, the
sintered magnet S was placed on the bearing grid 4la in the processing
chamber 40, and Dy of 99.9% degree of purity was used as the metal
evaporafing material. The metal evaporating material is of a bulk
configuration and the total weight of 1 g of the metal evaporating material
was placed on the bottom surface of the processing chamber 40,
[0065]

Then the vacuum chamber was once reduced to 1X 10~ *Pa (the
pressure in the processing chamber was 5X 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
(VER-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-foxming process
for 30 minutes after Dy of 2g had been set on the Mo board and the vacuum
chamber had been evacuated to 1X10™*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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41box part 42lid part 54 heat exchanger 55bconmunicating passage
56gas passage Sobject to be processed V netal _evaporating materi al

this photograph that in the sintered magnet S of “before processing” although
black portions such as voids of Nd-rich phase being grain boundary phase or
de-grain traces can be seen, the black portions disappear when the surface of
the sintered magnet is covered by the Dy layer (thin film) as in the
Comparative Example 1 (see Fig. 10 (b)). In this case the measured value of
thickness of the Dy layer (thin film) was 40 £m. On the contrary, it is found
in the Example 1 that black portions such as voids of Nd-rich phase or
de-grain traces can be seen and thus are substantially same as those of the
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 8 “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 MGQe, the remanent flux density of
14.8 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. 1is a perspective view schematically explaining the construction of
a vacuum vapor processing apparatus;

Pig. 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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CLAI M5 - 1. A vacuun1evapor%ting apparatus conprising: a
processing furnace; at |east one processi ngbox di sposed Side the
processi ng furnace; a. heating neans for heating the processing box;
and an evacuating neans for evacuating the processing furnace to a
predeterm ned pressure in a state in which an object to be processed
and. a nmetal evaporating material axe disposed in the processing box,
wherein the processing box is free to be put into or taken out of,

t he processing furnace, and. conprises: a box part which is open on
an upper surface; a lid part which is detachably nounted on the open
upper surfgg8eas égp%&g e Which is bent downward and formed on an
entire outer periphery the lid. part such that, when the lid. part is

mount ed on t heFigpped a sediicaee vishw éhdaivue iy procédaend bange is fit into
an outer wall of the box part, thereby defining a processing chanmber
i sol ated fromKige5psoxesstiongl viewh abewinghameodified expmpde of dingposing d1s

depressuri ze resul t. of . depressuri zati on t.he processing

d,as,a %f A
furnace by’ "f‘)“é%%p? ﬁ’ﬁoc{eﬁ%ede%%ﬁl:ﬁ stk apaRating mateyal y acyum evapor at i ng
. c T T . . \
apparat us tur t]ﬂgg tGC%gB[)ée%hQﬂalavﬁ%t Eh@ﬁéﬁéé@?ﬂéﬁg@dﬁ%@%&ﬁﬂple of

t hereon t he obj e processed at apref rmn _ om-a
bot t om surdi ix? tHe6hjEutas % Pro@sbaXanIRIR Rlethltelr8pS@tinigndatalsl; i S
y di

constituted - sposing a pIuraIitﬁ of wire nmenbers,
ig. 7 is a sectional view showing still another modified example of
disposing the object to be processed and the metal evaporating material;

Fig. 8 is 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 1s 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 vacuuin 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  boxpart

42 lid part
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wherein the heati'ig freans is operated at a reduced pressure of the
processing furnace and processing box to heat the object to be
processed to a predeterm ned tenperature at which the netal
evaporating material is evaporated so that the evaporated netal atons
are supplied to the surface of the object to be processed. 2. The
vacuum evapor ati ng apparatus according to claim1l1, wherein the
heating nmeans and the processing box are fornmed of a material that is
free fromreaction with the netal evaporating material or are made of
a con§tituti4§_ehﬁggg&?ﬂﬁyggg formed an. inner lining filmof a
material that is TTe& fromreaction with the netal evapor ati ng
material . 5518, TReéMapiedimevaR@zat i ng apparatus according to claim
1) wherein the material that is free fromreaction with the netal
evapor at i ng fht ergaslpassagded. | k.; The vacuum evaporati ng apparat us
according to any one of clains 1, and 3 wherein the heating nmeans
conpri ses anfﬂnsd¢ﬁﬁiﬁ@bﬁﬁﬁéﬁﬁﬁﬁ—enclosing the circunference of the
processing b and heat ner at i ng, menber di sposed on. the inside
of the insul§?in ﬁ@#@??@%%%%ﬁéP%$’%%he insulating material is nade
by | am nating plural nunbers at a predeterm ned distance from one

anot her. S. The vacuum evaporati ng apparatus according to any one
of clainms 1, 2 through 4, further conprising a holding part which is
capabl e of holding therein the netal evaporating material. 6. The

vacuum evaporati ng apparatus according to claim5; wherein the
hol ding part is disposed on a side wall of the processing box in. a
manner to encl ose the object to be processed.
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The vacuum evapor ati ng apparatus according to claimb51, wherein the
hol di ng part

di sposed in the processing box. % The vacuum evapor ati ng
apparatus according to any one of clains t 5 through wherein the
heati ng neans conprises a plurality of communi cati on passages, gas

passages

in.

I s positioned between objects to be processed that are

comuni cation with the conmunicati on passages are

provi ded between the heating nmeans and an inner wall of' the
processi ng furnace, and the gas passages are connected to an

ai rcooling nmeans conprising a fan and a heat exchanger. 9. The
vacuum evapor ati ng apparatus according to any one of clains 1, 2
and 5 t hriguess % wherein the object to be processed is
Peon-rare earth sintéred vagnet and wherein the netal evaporating

I's at | eastA @HituwR bvddyredMg afifdratus comprising:

t hr ough+,

mat eri al

a processing furnace;

at leasy one processing box dizposed insids the processing furnace;

& heeting means for heating the processing box) and

an evacuatiog means for evacuating the procassing fuvnace to a predetermined
pressure in a state in which an objact fo be processed and a mefal evaporating
material nre disposed in the processing box,

wherein the processing box is froe tobe puts into, ox taken out of, the processing

~ furaace, and comprises® & box part which is opan on an upper aurface; a 1id paxt

which is detachably mounted on the open upper surface} and a flange which is bent
downward and fored. on an entire outer periphery the lid part such that, when tha
1id part ia mounted on the upper snxface of the box part, the flange is fit into an outer
wall of the box part, thexehy defining & processing chamber isolated frowa the
processing furnace, wherein the procassing box is depressurized as a resulf of
depressurization of the processing farnace by operating the evacuating means,

the vacunm evaporating apparatus forther comprising 2 sefiting part capable of
placing thereon the object to be proceased at a prodeterminad haight from 2 bottom
surface of the proceasing box, wherein the setting part is congtituted by disposing a
plurality of wite members,

wherein the heating means is operated at a reduced pressure of the processing
furnace and processing box to heat the object to be processed to a predetermined
teyuperature at which the metal evaporating matexial is evaporeted go that the
evaporated metal atoms are supplied to the surface of the objsct to be processed,

2 The vacuum evaporating apparabus according to claim 1, wherein the
heating means and the processing box are formed of a material that is free from
reaction with the metal evaporating materisl or are made of conafituting elemens
having formed an inner lining film of a material that is free from renction with the
metal evaporating material,

1. The vacuam, evaporating apparatus according to claim 1, wherein the
material thatis free from reaction with the metal evaporating material ie Mo.

4 Tha vacunm evaporating apparatus according to axy one of daima 1,1 gnd 3
wherein the heafing meansg coraprises an insulating material encloging the

32



E:irc:umferance of the processing box and a heat generating member disposed on the
inside of the insulating material, wherein the insuleting materiel ip wade by
laminating plural numbers ai a predetermined distance from one another,

& The vacuum evaporating apparatus according to any one of olaims 1, L
through 4, further comprising a holding part which is capable of holding therein the
metal evaporating matarial.

£, The vacuum evaporating apparatus according to claim 5, wherein the
holding paxt is disposed on a side wall of the processing box in & manner {o enclose
the object to be processed.

7} The vacuum evaporating apparatus sccording to claim 5, wherein the
holding part is positioned between objects to be processed that ave disposed in ths
procassing box.

@. The vacuum evaporating apparatus according to any one of claims 4, 5
through 7}, wherein the heating means comprises a plucality of commumication
pagsages, gas passages in communication with the communication pasgages are
provided between the heating means and an inuer wall of the processing furnace,
and the gas passages are cormected to an air-cooling means comprising a fan and a
heat exchanger,

_ The vacuwm eveporating apparatus according to any one of elaims 1, 2
through4, and § through 9, wherein the object fo be procaaged is Fe-B-rare carth
sintered magnet and wherein the metal svaporating material is at least one of Dy
and Th,
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