[ Name of Docunent] SPECIFICATION (Title of the Invention] A

per mmnent magnet and a manufacturing nmethod thereof [Field of the

I nvention] t.[0001] The present invention relates to a pernanent
magnet and a nethod for nmanufacturing the permanent magnet, and nore
particularly to a permanent magnet having high magnetic properties in
which Dy or Tb is diffused into grain boundary phases of a sintered
magnet of Nd-Fe-B famly and nethod for manufacturing such a

per manent” magnet. [Description of Background Art [0002] The

sintered magnet of Nd- Fe- fam e_so-cal |l ed neodym um magnet)
conpri ses a?%]g %Qppme F%[Q(ﬂﬂ V\:hl ch are cheap, abundant and

oot and alTILEAR Sy ARt Cﬁf’%%%ee'ﬂ T s

ener gy pr odbgteof S about 10 tines that of ferrltlc magnet).
Accaordingly the. sintered magnet of Nd-Fe-B fam |y has been used in
various ki négiedof; &h?i%‘reé@%gch as electronic instrunents and in
recently adt)@(t)[ﬁq in motors and el ectric generators for hybrid cars.

The present invention relates to a permanent magnet and a method for
manufacturing the permanent magnet, and more particularly to a permanent
magnet having high magnetic properties in which Dy or Tb is diffused into

_ grain boundary phases of a sintered magnet of Nd-Fe-B family and method
(. for manufacturing such a permanent magnet.
[Description of Background Art ]
[0002]

The sintered magnet of Nd-Fe-B family (the so-called neodymium
magnet) comprises a combination of Fe, Nd and B which are cheap, abundant
and constantly obtainable resources and thus can be manufactured at a low
cost and additionally has high magnetic properties (its maximum energy
product is about 10 times that of ferritic magnet). Accordingly the sintered
magnet of Nd-Fe-B family has béen used in various kinds of articles such as

' electronic instruments and in recently adopted in motors and electric
( generators for hybrid cars.
[0003]
On the other hand, since the Curie temperature of the sintered magnet
of Nd-Fe-B family is low (about 300°C), there is a problem the sintered
¢ magnet of Nd-Fe-B family would be demagnetized by heat when heated to a
temperature exceeding a predetermined temperature under a certain
circumstantial condition in its adopted articles. In addition there is further
problem that the magnetic properties would be extremely deteriorated by
defects (e.g. cracks ete.) or strains in grains of the sintered magnet which are

sometimes caused when the sintered magnet is machined to a desired



[ 0003] On the other hand, since the Curie tenperature of the
sintered magnet of Nd-Fe-B famly is |low (about 300C), there is a
probl em the sintered magnet of Nd-Fe-B fam |y woul d be demagneti zed
by heat when heated to a tenperature exceeding a predeterm ned
tenperature under a certain circunstantial condition in its adopted
articles. In addition there is further problemthat the magnetic
properties would be extrenely deteriorated by defects (e.g. cracks
etc.) or strains in grains of the sintered nmagnet which are sonetines
caused when the sintered nagnet is machined to a desired

conf i gur at canfignatiabévdtabde foa apmrticwlat afticks.t i cl e. [ 0004] For

sol vi ng thefe ioblens ment i oned above, it is known to inprove or
recover the‘%ﬁ% etizing properties and coercive force by arranging

rare earth el SEPURScher! BrbtOMiueRl A0S Ll ORI 0:

chanber under "a condrtion a sintere

fam'ly, evagrovad the gndghictizidg prbpeatiesrand Sodddivé &td hf atrafgREGEASSdrilY
chanber, attaching the evaporated atons of the rare earth el enents

inte the seiimentyselagpddrom nb,t By tandy Say it aspregessing ehamabareundsrons

into the gfaidi. ses. t:h Nt 4 t 4N order..to
homgeneoué@ﬁlﬁf%%é ‘gieagiar EHR%%%’%‘?E%Q g}gﬁrﬁ;eﬁgﬂfg hegz]l%o%ﬂ?%
into a surfaceenftht slomshiy By eHe ¢he fdcdsBRigd ERA b0 Uit hngd BRS €S
(Patent Docunment 1 nentioned bel ow). [0005] It is also known that

Dy and Tb eYaporded stenesf the sarermanths elements indo the snteredampgrets apd of

i WE' oty Rt R Eabia fub Mlachid Aforh S the Rotin TDngessPRatagnats o
ani ot r opysigterpd intpEinRin BRRS @0 hoRWBY&ously 168 0PN cePdibirtR dnddifrtdf the

ferrimagneti smstructure having a spin orientation negative to that
of Nd in ttesecearth glements iinty afsurfase @fitheigiatiergsh awgpet lawd stheegrgith of

magnetic fjeld, accordinagl he maximum ener noduct exhibiting the
magnetic prEHSAY gaﬁeg @%%Fﬁ‘éﬁ@?‘@?l?%&f%ﬁ?wﬂﬁﬁ%lqp@- has been proposed
to honogenegf@gpby i ntroduce a desired anmount of Dy and Tb especially

into the grain boundary phases in accordance with the nethod
ment i oned abovi.is also known that Dy and Tb of the rare earth elements have the

magnetic anisotropy of 4f electron larger than that of Nd and a negative
Stevens factor similarly o Nd and thus can remarkably improve the grain
magnetic anisotropy of principal phase. However since Dy and Tb take a
ferrimagnetism structure having a spin orientation negative to that of Nd in
the crystal lattice of the principal phase, the strength of magnetic field,
(.. ‘ accordingly the maximum energy product exhibiting the magnetic properties
is extremely reduced. Thus it has been proposed to homogeneously introduce
a desired amount of Dy and Tb especially into the grain boundary phases in
accordance with the method mentioned above.
. [ Patent Document 1] Japanese Laid-open Patent Publication No.
296973/2004 (e.g. refer to descriptions in claims thersof}
[Disclosure of the Invention]
[Problems to be solved by the Invention]
{0006}

However as it is a fact that there exist Dy and Tb on the surface of



Pat ent Docunent ii Japanese Lai d-open Patent Publication No.

296973/ 2004 (e.g. refer to descriptions in clains thereof)

[ Di scl osure of the Invention] [Problens to be solved by the

I nvention] [0006] However as it is a fact that there exist Dy and Th
on the surface of sintered magnet manufactured by the nethod of the
prior art nmentioned above (i.e. as there are formed thin filns of Dy
or Tb the surface of sintered magnet), there would be caused a

probl emthat nmetal atons deposited on the surface of sintered nagnet
recrystallize thereon and thus extrenely deteriorate the surface of
the sint er intpregdnwaspet manyfachmed hyt the msthad phoke poieyame seentioned t he

nmet hod of .10 [ e he.rare.garth.el,enents and the
sintered nrggﬁ‘ée?&g'r Eels gée%%r?g%%ﬁ Iae{:inrﬁ ﬁ‘g?seaf ﬁgr‘?ﬁi |%1ﬁ,suﬁac‘? QP‘T’]‘H%VF‘! abl e
of formati eqgme), tHiré wolld e &fusbd QipeH1baNRaP Mkl hitSHE Hafo%ite{l] ofitpd er ed

magnet since rare earth elenents nelted during heating of the netal
evapor at i n§urfaecerdfapiniered dimaszet yregastallizee dhereonh @nduther extfemely

si nt\er ed M3gnelorath 498 durface of the sintered magnet (i.e. deteriorate the surface
roughness). In the method of the prior art in which the rare earth elements
and the sinfered magnet are arranged in a mingled condition, it is inevitable
of formations of thin films or projections on the surface of sintered magnet
since rare earth elements melted during heating of the metal evaporating
C material are directly deposited on the surface of sintered magnet.
[0007]

Similarly to the formation of thin films of Dy and Th on the surface of
sintered magnet, Dy and Tb will be deposited on the surface of sintered
magnet heated during the processing thereof when excessive metal atoms are
supplied on the surface of sintered magnet, and the melting point near the
surface is lowered due to increase of amount of Dy and Tb and accordingly Dy
and Tb deposited on the surface are melted and then excessively enter into
the grains near the surface of sintered magnet. When Dy and Th excessively

enter into the grains, since they, as described above, take a ferrimagnetism

Y

structure having a spin orientation negative to that of Nd in the crystal

lattice of the principal phase, it would be afraid that the magnetizing

properties and coercive force cannot be effectively improved or recovered.
[0008]

That is, when thin films of Dy or Th are once formed on the surface of
sintered magnet, the average composition of the surface sintered magnet
adjacent to the thin films will be rare earth element-rich composition, and the
liquid phase temperature will be lowered and thus the surface of sintered
magnet will be melted when the surface of sintered magnet becomes the rare

earth element-rich composition (i.e. the principal phase is melted and an



Sinmilarly to the formation of thin filnms of Dy and Tb on the surface
of sintered nmagnet, Dy and Tb will be deposited on the surface of
sintered magnet heated during the processing thereof when excessive
netal atons are supplied on the surface of sintered magnet, and the
melting point near the surface is |l owered due to increase of amount
of Dy and Tb and accordingly Dy and Tb deposited on the surface are
nelted and then excessively enter into the grains near the surface of
sintered magnet. When Dy and Tb excessively enter into the grains,
since they, as described above, take a ferrimagneti sm structure
having a s i h
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and an anoyghggf the liquid phase is increased). As the result of
which a region near the surface of sintered magnet will be nelted and
damaged and acdbtidn rﬁjiny ompﬂ:ﬁgg«tti:ﬂﬁsla&y farmetdhve Birsuataee of sihtdved adaghet
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i's required. I'S wou ease manufacturing yield and increases
manuf act uri f@0HxJeps and t hus manufacturing costs. (00101

It is, therefore, a first object of the present invention to provide method
for manufacturing a permanent magnet which can efficiently diffuse Dy and
Tb into grain boundary phases without deteriorating a surface of sintered
magnet of Nd-Fe-B family, effectively improve or recover the magnetizing
properties and coercive force, and eliminate any subsequent working process.
It is alse a second object of the present invention to provide a permanent
magnet having high magnetic properties and strong corrosion resistance in
which Dy and Tb are efficiently diffused only into grain boundary phases of a
sintered magnet of Nd-Fe-B family having a predetermined configuration.

[Means for solving the problems]
[0011]

For achieving the first object mentioned above, there is provided,
according to the present invention of claim1, method for manufacturing a
permanent magnet comprising steps of heating a sintered magnet of

Fe-B-rare earth elements family arranged in a processing chamber to a



It is, therefore, a first object of the present invention to provide
met hod for manufacturing a permanent magnet which can efficiently
diffuse Dy and Tb into grain boundary phases w thout deteriorating a
surface of sintered magnet of Nd-Fe-B famly, effectively inprove or
recover the magneti zing properties and coercive force, and elimnate
any subsequent working process. It is also a second object of the
present invention to provide a pernmanent magnet having hi gh nmagnetic
properties and strong corrosion resistance in which Dy and Tb are
efficientl i ffuse nly into grain boundary phases of a sintered
magnet of Iﬁﬁgﬁgx%mlegn%ﬂgqﬁwmgﬁfﬂ%@ﬁwﬁi Red cyipPrking: msieriglveans
for solvi i evi i ect
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conpri si n%ﬁe S ﬁ: heat i ag a sintered magnet of Fe-B-rare earth

el enent s ﬁcg of the, spderemagnetowiR coRgoRmEm sPRIFing appantericthsi ned
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processi nphalsesTbfthe diappamitinagnetvbhiforeafoesiatieh aif A0 FBmOnE theamstilf ace
of the sintered magnet with controlling a supplying anount of the
metal at of¥APEsHNE Featenlon theesuatese 8f the gintered magnsfs i nto grain
boundary plp £5 of the sintered nmagnet before formation of thin film
of the metal evaporating material on the surface of the sintered
magnet . [ 0012]JAccording/eahe giezgnt vbiitor) eegRithiel INGA] hRkhs i@MapREak ed
metal atons includjng at, | east one_of and Tbh are supplied onto the
surface ofeastfing FaDRagKedb razg: wprliod supy sl surfase, of sintened rmagneé and
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into the grain boundary phases are performed through single process. Thus

deterioration of the surface (surface roughness) of permanent magnet can be
C prevented and especially excessive diffusion of Dy and Tb into grains near the
surface of sintered magnet can be suppressed.
[0013]

Accordingly the surface condition of the permanent magnet is
substantially same as that before the process has been performed and thus
any subsequent working process is not required. In addition Dy-ITb-rich
phases (phases including Dy and Tb in a range of 5%~80%) are generated
by diffusing and homogeneously penetrating Dy and Tb into grain boundary
phases. As the result of which it is possible to obtain a permanent magnet of

high magnetic properties of which the magnetizing properties and coercive



[ 0013] Accordingly the surface condition of the perrmanent magnet
is substantially sanme as that before the process has been perforned
and thus any subsequent working process is not required. In .addition
Dy/ Tb-rich phases (phases including Dy and Tb in a range of 5% --80%
are generated by diffusing and honogeneously penetrating Dy and Tb
into grain boundary phases. As the result of which it is possible to
obtain a permanent nagnet of high nagnetic properties of which the
magneti zi ng properties and coercive force are inproved or recovered.
In additiqgn if defects {cracks aye en ge in ra| ns, near
e sur f adBre8ro:8, WIS RS FhFEECIRtr h s SO Ce FeHgts ool Shabch e
magnet, DyldBrdtbdih phASS SR e sarAERI fﬁﬁt&@dk&&b Entl SEHS ﬁfbgeéé&% g he
magneti zi ng properties and coercive ?orce can be recove T41

I n the prébesinterdenigneh, Dy/Thsichdicssdedornvat inkide the cmaeksam@t]ﬂimanber
is heated ,jo a tenperature .in a, ran f 800 .t -1050C under a
vacuum cortih?lni‘a(ﬁ? ﬁpfﬂgergl?ﬁllé# %Q?r‘grﬁ‘b%é?e@hﬁem@vﬁéﬁde earth el ements
fam |y and[pdgs)retal evaporating material having a primary conmponent
of Dy are arranged in the processing chanber. The setting of the

t enper at ur e i Andhe pragenbinvBHOGH itliB GG paidblles the pro@psiag shimbbr ishe
vapor preﬁggw the netal evaporati n materl al_and the supplying
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surface ofmaahbﬂ;mﬂaﬂnm metteral aiﬂdi&hé))supﬂsrnigeaﬂbﬁﬁﬂlsﬁdle’mﬁtal atoms
honbgeneousl| y per{Bg at ed intqQ the %r ain boundary phases._ In addjtion
the di ffugmfg thpefutace f siatespdapagmet aadorddidenally thecsiateramespst is

sintered t C t he
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supplied onto the surface of sintered nagnet. In addition it is
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excessi vely to grain Xi num ene D and t he
{0015]

If the temperature in the processing chamber is lower than 800, the

(_ vapor pressure cannot reach a level which can supply Dy atoms onto the
surface of sintered magnet so that Dy can be diffused and homogeneously
penetrated into the grain boundary phases. In addition the diffusing velocity
of Dy atoms deposited on the surface of sintered magnet into the grain
boundary phases is decreased. On the other hand if the temperature exceeds
1060°C, the vapor pressure of Dy is increased and thus Dy atoms in vapor
atmosphere are excessively supplied onto the surface of sintered magnet. In
addition it is afraid that Dy would be excessively diffused into grains and
since the magnetizing properties in grains are extremely reduced if Dy is

excessively diffused into grains, the maximum energy produet and the



remanent flux density are further reduced. [00161 On the ot her
Rand it is preferable that the processing chanber is heated to a
tenperature in a range of 900C---1150C under a vacuum condition when
the sintered magnet of Fe-B-rare earth elenments famly and the netal
evaporating material having a prinmary conponent of Th are arranged in
t he processing chanber. Simlarly to the effects descri bed above,
this makes it possible that the Th atons deposited on the surface of
sintered magnet are di ffused and honogeneously penetrated into the
grai n boundary phases_of_ sintered nagnet before they formthe thin
filmof Throranen Tupdensiy are Sirpherredueedgnet, that Tb-rich phase is
gener at ed igbél'?ﬁ grai n boundary phase, and that Tb is diffused only
into a region néar the surface of grains. As the result of which it

i s possi bl e t oCelthaiothed HagdTRRG e foiHB EhatGhe DL atBsFROAOIH KR BRREY T €S
havi,ng effectively inproved or recovered nmagneti zing properties and
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boundary phases. On the other hand if the tenperature exceeds
t he vapor Ppragssiing coimber. Samilady dadbe effectstdeseribiid aboves this malmsrit
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of frrangi ng the sintered magnef of Fe-B-rare earth enen amly
in the prosiatered gragratbleforen theye &irimghe hbirs fibhesfe®b nagrhbé suofage of

o Er oy ar SatdteR chaagE sRhy TPk bRASE s eaneratatfinThe eFata boundary phase,
and that Tb is diffused only into a region near the surface of grains. As the
result of which it is possible to obtain a permanent magnet of high magnetic
properties having effectively improved or recovered magnetizing properties
and coercive force,

{0017)
If the temperature in the processing chamber is lower than 900°C, the
vapor pressure cannof reach a level which can supply Th atoms onto the
] surface of sintered magnet so that Th can be diffused and homogeneously
(_ penetrated into the grain boundary phases. On the other hand if the
temperature exceeds 1150°C, the vapor pressure of Tb is increased and thus
Th atoms in vapor atmosphere are excessively supplied onto the surface of
sintered magnet.
[0018]

Also in the present invention, it may be possible that the method for
manufacturing a permanent magnet comprises steps of arranging the
sintered magnet of Fe-B-rare earth elements family in the processing
chamber and heafing the sintered magnet to a temperature in a range of

800°C~1100°C; heating and evaporating the metal evaporating material



including at |east one of Dy and Th arranged in said processing
chanmber or anothker processing chanber; and supplying and depositing
the evaporated netal atons onto the surface of the sintered magnet.
This enables to increase the diffusing velocity and to efficiently
diffuse in order Dy and Th deposited on the surface of the sintered
magnet into the grain boundary phases of sintered. magnet. [00191

If the tenperature of the sintered nagnet is |lower than 800C, it is
afraid that the thin filmof netal evaporating material is formed on
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possi bl e t kaitersdtvhaghetor C. manuf acturing a permanent magnet
conpri ses stéa(Fs of arranging the sintered nagnet of Fe-B-rare earth
el enents fa Lin the processi ng chanber; heating and evaporating

the nmetal evaper gld %Cﬁ@&ﬁ"ré e th@%ﬁt@féagm%gnh@ﬁsim%ﬁhgil éaoﬂ@”ﬁ! igD

arranged in sald, processing chanber or an rocessin anber to

a tenper at afraid that t]mnglﬁnOﬁlnB%tmét&DQGaﬁdrhﬁﬁghﬁ@ﬁenag ﬁﬁﬁnilﬁl ghndet he
Si nggred magnet to .a predeterm_ ned tenperature; and sui)% ing and
deposi t i ngswfécee%%%ﬁeaﬁdeal%%ﬁm@ efenne velpate ntfiden 51@\@9 and

o o TR N o Mo PO e R DG BB EPROTIARS,
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magnet enter into grains which is the principal phase of sintered magnet. This is

after all same condition as that in which Dy and Tb are added during

obtaining the sintered magnet and thus it is afraid that the strength of

magnetic field accordingly the maximum energy product exhibiting the

magnetic properties would be extremely reduced.
[0020]

Further in the present invention, it may be possible that method for

(.. manufacturing a permanent magnet comprises steps of arranging the

sintered magnet of Fe-B-rare earth elements family in the processing

chamber; heating and evaporating the metal evaporating material including

at least one of Dy and Th arranged in said processing chamber or another

processing chamber to a temperature in a range of 800°C~1200°C after

heating and holding the sintered magnet to a predetermined temperature;

and supplying and depositing the evaporated metal atoms onto the surface of

the sintered magnet. Under this condition, since the metal evaporating

material can be heated and evaporated in the range of 800°C~12007C, the

metal atoms of Dy and Tb can be supphied onto the surface of sintered magnet



in proper quantities in accordance with the vapor pressure at that
time [0021] If the tenperature of the netal evaporating material
Is | ower than 800C, the vapor pressure cannot reach a | evel which can
supply the nmetal atoms of Dy and Tb onto the surface of sintered
magnet so that Dy and Tb can be diffused and honogeneously penetrated
into the grain boundary phases. On the other hand if the tenperature
exceeds 1200C, the vapor pressure of the netal evaporating materi al
beconmes too high and Dy and Th atons in vapor atnosphere are
excessively supplied onto the surface of sintered magnet. Thus it is

afrai d thain pf@ei GiantitidytnGlcdrigndaiioh t fgiéss@rermttﬁaﬂﬁinemul d be
formed on t e rface of sintered magnet. It may be
possi ble th e si ntered magnet and t he net al evaporati ng materi al
are arranged a t IS IS refer as t
prevent nel tedﬁ?r% ¥ fe“g?f"’%@‘%%t‘)?ng‘ evlap?ﬁa |1F38‘tvf3§/ tg?’ﬁck
to the singeselthngasir pagsurt faanﬁatﬁhcle&@a@él&ﬁmem cBRs8ppR! theSmetal
evaporated. [00231 In order to diffuse the netal evaporating
mat eri al | Atosng ﬁ%DJg raaldnTh)ouﬁ@d@awupfaas of sivééned enagnet sh rthaif Dy randf Tty
and Tb is for urface of |nter n I.s preferable
that 'a rat PO OF gt rant BeRpeond b biatal TBathepapit, B

material tphidee. DAl e 8ﬂfe§%daff%e05eniﬂé§at&ké"e%e%ﬁs rl@go@ tﬁér ggﬁd in
the processing chanber is set in a range of |Ix 10" X

It may be pressiiglof thhat!etah@a@aqmingl magteaimb beconss tbmblgieamd Datam@l'b S
cont 1ol |yl N0 HhguSREC Lhcoturtate dnce ChpLhe el o
and( decr eaﬁﬁtér@@ e EREE THMs 1€iéa%étth9ﬂ‘tﬂéfthiﬁﬁlrﬁrﬁf Be 15¥1%P@5&}50&*Qﬁng
mat eri al under a constant tenperature. This nakes it possible to

si npl y contmatériaitveruddibeforined cartbenurfate ofsimbredtmngnednt o t he surface
of sint ered[d&gfet wi t hout changi ng any

It may be possible that the sintered magnet and the metal evaporating
material are arranged apart from each other. This is preferable so as to
prevent melted metal evaporating material from being directly stuck to the
sintered magnet when the metal evaporating material is evaporated.

[o023]
In order to diffuse the metal evaporating material into the grain
boundary phases before the thin film of Dy and Tb 1s formed on the surface of
' ( sintered magnet, it is preferable that a ratio of the total surface area of the
metal evaporating material to the total surface area of the sintered magnet
arranged in the processing chamber is set in a range of 1 X 1074~2X 103,
{0024]

It may be possible that the supplying amount of the metal atoms is
controlled by changing the specific surface area of the metal evaporating
material arranged in the processing chamber to increase and decrease the
amount of evaporation of the metal evaporating material under a constant
temperature. This makes it possible to simply control the supplying amount

of metal atoms onto the surface of sintered magnet without changing any



structure of the apparatus e.g. providing separate parts in the
processing chanber for increasing and decreasing the supplying anmount
of Dy and Tb onto the surface of sintered magnet. [0025] I n
order to renove soil, gas or noisture adsorbed on the surface of
sintered magnet before Dy and Th are diffused into the grain boundary
phases, it is preferable the pressure in the processing chanber is
kept at a predeterm ned reduced pressure before heating of the
processi ng chanber containing the sintered magnet. [00261 In
this case, in order to pronote the renoval of soil, gas or nvoisture

adsor bed omstiuveursusff the eapplrstiugteg. epkovidine bepdrhte pafts ¢h ahalirecdskiag t he
tenperature,in th(i-:: processi ng chanber is kept_ at a predeterm ned
t enper at ur Eharbey irdnorersine and faceansingethesupplyipg smevst of Byorend b a

predet er m ned, BLESSHL ofsé;rgt%ggdmai;n%cél n order to renbve a oxide film

on the surface of sinter nmagne fore Dy and Tb are diffused into
the grain bbodasdry phases, it is preferable that the surface of the
sintered magnet is _cleaned with using plasma before heating of the
processi ng chadBerdeiott 3APYegsethe2asi o moisiureagiwrbed on the surface of

sintered magnet before Dy and Tb are diffused into the grain boundary
phases, it is preferable the pressure in the processing chamber is kept at a
predetermined reduced pressure before heating of the processing chamber
7 containing the sintered magnet.
C [0026]

In this case, in order to promote the removal of soil, gas or moisture
adsorbed on the surface of sintered magnet, it is preferable that the
temperature. in the processing chamber is kept at a predetermined
temperature after reducing the pressure in the process chamber to a
pre determined pressure.

[0027]

In order to remove a oxide film on the surface of sintered magnet before
Dy and Tb aré diffused into the grain boundary phases, it is preferable that
the surface of the sintered magnet is cleaned with using plasma before

( heating of the processing chamber containing the sintered magnet.
[0028]

It is preferable that heat treatment of the sintered magnet is performed
at a temperature lower than said temperature after diffusing the metal atoms
into grain boundary phases of the sintered magnet, This enables to obtain a
permanent magnet of high magnetic properties having further improved and
recovered magnetizing properties and coercive force,

[0029]
It is preferable that the sintered magnet has an average diameter of -

grain of lum~5um or 7pm~20u m. If the average diameter of grain is
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[ 0028] It is preferable that heat treatnment of the sintered
magnet is perfornmed at a tenperature |ower than said tenperature
after diffusing the netal atons into grain boundary phases of the
sintered magnet. This enables to obtain a pernmanent nagnet of high
magneti c properties having further inproved and recovered nmagneti zi ng

properties and coercive force. [0029] It is preferable that the
sintered magnet has an average dianeter of grain of liurn or 7y m20
gm If the average dianeter of grain is | arger than 7g m since

the spi nni ngrderrihen afy hn€ingd e Spifhihk Fekcd 8P HcAlaBly &Iriﬂ&gex{éwﬂ@& be
field is increased, the degree of orientation is inproved and
addi ti onal Ithet Bagrgticr feld ianaeressedythi nlebrencfaryenhticr ss improvadead, it

' i bl e .ef ficlently. di ffuse a Th, depgsited on the surface
of S0 nier e AT HE bifa 5ttt Bheid " fruindaRe mhsiy o bR

remar kabl y pasgiblecpesativgtly aifife BPISQID depodited HE 1RV FHPeLgr of
grain is larger than 25g m the rate in tﬁe gral n boundary of grains
i ncl udi ng dndgrateamnd gwsitn obtdisret pelrpamens neagoet iating a remarkably high
coercive force,
[0030]

If the average diameter of grain is larger than 25u m, the rate in the

A grain boundary of grains including different grain orientation 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. On the other hand if the average diameter of grain is
smaller than 54 m, the rate of single domain grains is increased and as the
result of which a permanent magnet having very high coercive force. If the.
average diameter of grain is smaller than 1xm, since the grain boundary

becornes small and complicated, Dy and Th cannot be efficiently diffused.

[0031]

It is preferable that the sintered magnet does not contain Co. Co has
been added in the neodymium magnet of the prior art to prevent corrosion of
C the magnet. In the present invention, the metal atoms of Dy and Th deposited
on the surface of sintered magnet can be efficiently diffused during diffusing
at least one of Dy and Th. This is because of absence of intermetallic
compound including Co in the grain boundary of the sintered magnet. In
addition, since Dy/Tb-rich phases having extremely high corrosion resistance
and atmospheric corrosion resistance as compared with Nd is formed inside of
defécts (cracks) generated in grain near the surface of sintered magnet during
process of the sintered magnet, it is possible fo obtain a permanent magnet
having extremely strong corrosion resistance and atmospheric corrosion

resistance.

11
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C. increased and the degree of orientation is deteriorated and as the
result of which the maxi muni energy product, remanent flux density and
the coercive force are reduced. On the other hand if the average
dianeter of grain is smaller than 5g m the rate of single domain
grains is increased and as the result of which a permanent magnet
havi ng very high coercive force. If the. average diameter of grain is
smaller than 1 p m since the grain boundary becones small and
conplicated, Dy and Tb cannot be efficiently diffused. [0031]

It is prefqbgghﬁ that the sintered magnet does not contain Co. Co has
been added in the neodym um magnet of the prior art to prevent

corrosi on of the asafedbg the debedobiganinentivesnt iabove, ttheraTed Efov@de@!fﬁ of -
Dy and Tb deposited on the surface of sintered nagnet can be

ef fi ci ent | 3ecarding stod ther pregenli fipventing &f ¢laimis, ope Permayeninacagset Thi s

i S because . ' ald k¢ «conpo i pel udi n in the
grai n boun gir%ﬁsgﬁgﬁ}geﬁétd;%%ﬁ%gg#e . #%’Egdgﬁhﬁo%?mgﬁ%scga 7152 ch
phases havinagufxtureddlyyevapoiatioer ol @RafRstit anasriahthchidings Bh &dakt

corrosion resistance as conpared with Nd is forned inside of defects

(cracks) gEre?rlaPr@ndnlyrdarasiiagrevanerates matad aspms onte pezurfage 06 the

during progess t he si.nter magnet . 0.t 1S possi.ble to obtaln
por mmnent HEERe TRE0R G PR ERLTE Uoaibe o BT 3R Suied S Bhd
at nospher i diffagihgOttieo dep@stedt Ma€H. ato(d02db grain Hoahd@GipBYédadot ke
second obj ect nentioned above, there is provided, according to the
present i riieieredmegnes| kaforpsformagionneindrin iy mdt theo meitals eveposating
si nt ered magnet ,of .fe-B-.rar arth elenents fam |y and nmanuf act ured
byr(e'vapor a’?g%' lailrvg?gﬁe%‘%rg%c&ogitﬁ%ﬂnpﬁéf P}aﬂlef‘ncl udi ng at | east one of
Dy and Tb, [dep®Fkiting evaporated netal atons onto a surface of the
sintered magnet with controlling a supplying anount of the netal
atons; and di firudinegasehis ig@peforablel that the sinteved maanet;hais rarbavarege v
phases of ji.he eir(l)tfered Fgﬁr}%t%bef%rﬁ formpation of thin filmof the
metal evap PR ﬁg reter] n tHe SdHBce 6™ he sintered magnet .

[ 0033] . [ob84) his case it is preferable that the sintered magnet

has an average dianeter of grain of 1 gm5 a mor 7 jt m20 ji m
It is also preferable that the sintered magnet does not contain Co.

[Effects of the Invention]
[0035]

As described above, the method for manufacturing a permanent magnet

of the present invention can efficiently diffuse Dy and Tb into the grain

(- boundary phases without deteriorating the surface of the sintered magnet of
Nd-Fe-B family and effectively improve and recover the magnetizing
properties and coercive force. These effects, in combination with other effects
that the supply of Dy and Tb onto the surface of sintered magnet and the
diffusion of them into the grain boundary phases can be performed by single
process as well as that the subsequent working process is not required, can
exhibit a superior effect of improving the produetivity. In addition the
permanent magnet of the present invention can also exhibit a superior effect
of providing a high magnetic properties and a strong corrosion resistance.

[Best mode for carrying out the Invention]
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[ 0034] It is also preferable that the sintered nmagnet does not
contain Co. [Effects of the Invention] [0035] As descri bed above,
the nmethod for manufacturing a permanent nagnet of the present

i nvention can efficiently diffuse Dy and Tb into the grain boundary
phases without deteriorating the surface of the sintered magnet of
Nd-Fe-B famly and effectively inprove and recover the nagneti zi ng
properties and coercive force. These effects, in conbination with

ot her effects that the supply of Dy and Tb onto the surface of
sintered magnet and the diffusion of theminto the grain boundary
phases can Oﬁﬁfforned by single process as well as that the

b t wor ki i red o ¢ _
ciTect of i mor ol g TRE B dlet: uPed & peEugrenoneeted 1ef ihh sreen
magnet of tiQeli6seah bdVRMuERBuANbY shAuRKdLl ferBiiBBhE o s&hilecf Of

provi.ding a high nagnetic properties and a strong corrosfton
resi st ance. PIDERESES riBa@IUmdr vapar r plogepsing oheviporeting omptal[ 6@36tating

Wth ref t 0 <Figs. .1 2 t f the. t
vent §on CBACIE Mo ipiie 2Ededsy oBe REITRARED ToIPUn & et o Ao Bieraros
of processeasiagNaACBINY NPFeW ORGSR rigaclﬁﬁec?\/@&%ﬁ&ﬁéga ”Eﬁegbtermm‘ad

evaporating material V including at |east one Dy and onto a
surface of anbignrasiond depgsidng Shefevhidedated ricial htommohiontitk sarfha@voihg a

Ot ot he s FRFEEE BHALP bk ifBfTR 2ad Dapuaeemaonag nrgeaating the metal
hompgeneous]tymReRR! fratd KinbiaR, pelsed o%%%tbfgdqngé&it@. boundary phases
of the sintered nmaghet S.

[0037]

The sintered magnet S as starting material of Nd-Fe-B family has been
manufactured as following by a known method. That is, firstly an alloy
member having a thickness of 0.05mm~0.5 mm is manufactured by the
known strip casting method with formulating Fe, B and Nd at a
predetermined composition. An alloy member having a thickness of 5mm may
be manufactured by the known centrifugal casting method. A small amount of
Cu, Zr, Dy, Th, Al or Ga may be added therein during the formulation. Then
the manufactured alloy member is once ground by the known hydrogen
grinding process and then pulverized by the jet-mill pulverizing process.

C [0038]

The sintered magnet mentioned above can be manufactured by forming
the ground material to a predetermined configuration such as a rectangular
parallelopiped or a cylinder in a mold with using magnetic field orientation. It
may be possible to further improve the magnetic properties when performed
the vacuum vapor processing on the sintered magnet if the sintered magnet S
has been heat treated to remove its strain for a predetermined period (e.g.
two hours) under a predetermined temperature (400°C~700°C) after the
sintering process.

[0039]
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C. [00371 The sintered magnet S as starting material of Nd-Fe-B '~
fam |y has been manufactured as follow ng by a known nethod. That is,
firstly an all oy nenber having a thickness of 0.05ram 0.5 mMmis

manuf actured by the known strip casting nethod with fornulating Fe, B
and Nd at a predeterm ned conposition. An alloy nenber having a

t hi ckness of 5mm may be manufactured by the known centrifugal casting
nmet hod. A small amount of Cu, Zr, Dy, Th, Al or Ga nmay be added
therein during the formulation. Then the manufactured all oy nmenber is
once ground by the known hydrogen grinding process and then

pul veri zed by t h¥ ip prefegable fouipbiapize conglitivrscasach peogddcturing Ftep of the

sintered magpe i on ve.can be manufactured by form t he
ground mater %}gfzergg E%{g&e gg ess @? ?ﬁet%&v_%r@ﬁ? igﬁﬂfléﬁ?%ﬁteg 8_ﬁ¥*§§n%e_ of Flim*s
rectangul ar pahakl Bl SR EEArOTT theCerAgieiaittar MOhdinMel Brétsithen 74 m
magnetic field orientation. It may be possible to further inprove fhe
magnet i ¢ pr opinee tesspineingferce of tedgnaine dudngigeneagtion pf theasagnugicdield he
sintered magnet_if the sintered net .S has, been heat, t ted to
emove | 1o obr ORARER. 1%, R oty B R Baimaoted e AviReTlbndbe o
predet er m neghyfRRReea bl kit 4806 AIYRasdd fsSfeahbl, B RLRELHPR RIAHE&SHy

[ 0039] It is preférable to optim ze conditions in each

manuf act ur i ndiffsisept dfast bee of By emd d'menrh GiusSosabtainat peimearent nagmet Mai n

di aneter h ] £ . or 7 . in. If th 3
il amet or o wvang AEnprkly Tigh fooibt e Deibe Brenste diamethe of Beie o
the grains dmfgéigtw%qua?&h@fraft@qnmngfdjﬁ bolddry 9f | RefnRaRREhdidde

degreg of orientation is inproved and additionally the surface area
of grain boudiffarsnt Ensisesiensatiedimcee, grain sexpeeisbirerdssedind cheddgrye

di ffuse at |east e of and, Tb and thus to obijajn a pernanent
magnet M hav?ef??glegg%éqw TPTRTEGHR I &@Sﬁ&?ﬁ%&%ﬁhﬁ HORRTeTEy
di aneter of Poglét, kén&@éxﬁ%uxtdaﬁﬁtyzéhdt}{b cobPivd B drB ridiRedr i N

boundary of glr ains including different grain orientation 1n one grain
is extrenely {i0BdPkased and the degree of orientation is deteriorated

Gensi Ty and ¢ he QbLhetibet PanLd i avetag danorte O gtat s smaer fhad 5. m,
the rate of single domain grains is increased and as the result of which a
permanent magnet having very high coercive force. If the average diameter of
grain is smaller than 1 m, since the grain boundary becomes small and
complicated, the time required for performing the diffusing process must be
extremely extended and thus the produetivity is worsened.

C (0041}

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

[0042)

As shown in Fig. 2, a vacuum vapor processing apparatus 1 comprises
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[ 0040] On the other hand if the average dianeter of grainis :
smaller than 5g in, the +ate of single domain grains is increased and

as the result of which a pernmanent magnet having very high coercive
force. If the average diameter of grain is smaller than 1 pm since
the grain boundary becones snmall and conplicated, the tinme required
for performng the diffusing process nust be extrenely extended and

thus the productivity is worsened. [0041] It is possible to use
as the netal evaporating material V an all oy i ncI udi ng at | east one
of Dy and T I AR i e |

princi pal aserr}gllc %h{?ﬁs ca{écéﬁl1 gﬂmﬁl %g' asg uﬁ% ﬁ’a‘ii?ﬁté‘te?n
Nd, Pr, pﬁdlet@mméd: présswer @ay. ﬂmldwf@hheia aﬂmﬁ:amtmemQQﬁ Shdteas

force. In addition the metal evaporating material V is made as a
bul ky al | oyt¥bprilegdar Rump, pwemm diffvsipnripyann @tar dkticye dndriangedkth

e.g. in an he ed.in th e55|

descri bed bé e VJC[&E"@%%%&%% 1tézho oK ﬁglﬁg&smfajéec f)@g E)‘P%%B%"'si ng
apparatus 1p h&dsg anlpgsn eopvmmi%%%ham% dnrth\e/%b&ht&fa cFIﬁ:Eé ﬁb&f e
can be redu and kept at a predeterm ned pressure . | X Pa)

via an evached means such as turbo-nol ecul ar punp, cryopunp,
diffusion p L There is arranged in the vacuum chanber 12 a box
2 conprisingﬁQ ctangul ar parall el opi ped box body 21 having an open

top and a |id 22 déphaebabhenPNatf2RiBintPRrRhdthe 1R HA%% Bied on
the top of the box bady 21 to define a processing chamber 20 isolated from the

C vacuumn chamber 12 {(any vacuum seal such as a metal seal is not between the
flange 22a and the box body 21). A pressure in the processing chainber 20 can
be reduced to a pressure {e.g. 5X 107 *Pa) higher substantially by half-digit
than that in the vacuum chamber 12 by reducing the pressure in the vacuum
chamber 12 to a predetermined pressure (e.g. 1X 107 %Pa) via the evacuating
means 11.

[0044]
A volume of the processing chamber 20 is determined so that the metal
atoms can be supplied onto the sintered magnet S directly or from a plurality
] of directions after several collisions in consideration of the average free stokes

( of evaporated metal material. The box body 21 and the lid 22 are made of
materials not reacting with the metal evaporating member and their wall
thickness is determined so that they are not deformed by heat when they are
heated by a heating means described below.

[0045)
When the metal evaporating material V is Dy and Tb, it is afraid that
Dy and Tb in the vapor atmosphere would react with Al,O0, and form
products of reaction on the box 2 when the box 2 is made of A1, 0, often used
in general vacuum apparatus and atoms of Al would enter into the vapor

atmosphere of Dy and Th. Accordingly the box 2 is made of Mo, W, V, Ta or
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[ 0043] A downwardly bent flange 22a fornmed around the lid 22 can
be fitted on the top of the box body 21-to define a processing
chanber 20 isolated fromthe vacuum chanber 12 (any vacuum seal such
as a netal seal is not between the flange 22a and the box body 21). A
pressure in the processing chanber 20 can be reduced to a pressure
(e.g. 5X 10-4Pa) higher substantially by half-digit than that in the
vacuum chanber 12 by reducing the pressure in the vacuum chanber 12
to a predeterm ned pressure (e.g. | X 10-5Pa) via the evacuating nmeans

11. (0044] of _1h 0 i h el11,20mi S tyer m;ned

so that the™ 8 gﬁogsg%ﬁr@?%gﬁ r%rg%g%f&p@?%%n%%d@e@?@o %lilorﬁg}%%&éﬁ&\g%gpoys

directly oreth)oNiad, W%}(D alortoxidds 6ff raetd0tls einidits 92 Vahdiueal by Heas
e

i n consideration of t average free stokes of evaporated netal
materi al . Tsulgéienhwgmben oanwhichesdil plompentiscorralleysofrensaated absinper

reactin ith th - ) rat i a i r_wall thi.ck
S de!t e?mwn ergngbﬁtt{%%ﬁ% ﬁgl&a%(r&eﬁé %{Eﬁ%% g;[r% %\i}faggy #ﬁ? kf %Sndetgh le}%ﬁr;gss
heat ed by ajdieaid)ig aRaipsd des prédeestniabdeighDRMHe procesMfis dhiiBe®] 2l

evapdrating material Vis Dy and Tb, it is afraidthat Dy and Th in
t he vapor awnwhidhea pluxelitypfsinderedwnagneds Beandndlawdrsider ntside. Onthe

ti he. b wh the b 2 1 d f Al 203, of.t d i
Goner ol vacUtr BEh e FRetah oA pE TP R i 4 SRPEPTIS(ELS FER pador
at nospher e 1QfttdaY saffice] Bide AGERESMI R Al t¥p kREaQRBE tBe boc HandWer 28/ V,

Ta or these alloys (including rare earth el enents added M alloy, Ti
added Mo al [[6946kc.), CaO Y203 or oxides of rare earth el ements or

t t d by heat . | ati nb whi ch i.d el [ |
SOETSS o R T TR S S Sl O
plurality oheMoxW fiR2hdaing m&ntIHEGRRA of MafRkihd A8ch @Jesifilgt react with

&
predet ernm ned hei ght in the processing chamber 20 on which a
plurality ofhetsl eveporatinggradersal 9f Dyrandelphuad axtangetbsdihas itcamecircas thve

other hand. e et el exapoiali a9 dpLTlole Mdpe Sopuopriatel v
processi ng jghaphaed 4Ath a reflecting surface and an electric heater formed of a Mo
filament mounted on the inner surface of the heat insulation member. The
processing chamber 20 can be substantially uniformly heated by heating tﬁe
box 2 under a vacuum condition with using the heating means 3 and
indirectly heating the inside of the processing chamber 20 via the box 2.
[0047)

(. Then manufacture of the permanent magnet M with using the vacuum
vapor processing apparatus 1 and performing the method of the present
invention. First of all, sintered magnets S made in accordance with the
method described above are placed on the bearing grid 21a of the box body 21
and Dy forming the metal evaporating materials V is placed on the bottom
surface of the box body 21 (Thus the sintered magnets S and the metal
evaporating materials V are arranged away from each other in the processing
chamber 20). After having closed the open top of the box body 21 by the lid 22,
the box 2 is placed on a predetermined position encircled by the heating

means 3 in the vacuum chamber 12 (see Fig. 2). Then evacvating the vacuum
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[ 0046] A heating neans 3 is arranged in the vacuum chamber 12.
Simlarly to the box 2 the heating nmeans 3 is made of material which
does not react with netal evaporating material of Dy and Th and
arranged so that it encircles the box 2 and conprises a heat

i nsul ati on menber of Mb on which inner surface is provided with a
reflecting surface and an electric heater formed of a M fil anment
nmounted on the inner surface of the heat insulation nmenber. The
processi ng chanber 20 can be substantially uniformy heated by
heating the box 2 under a vacuum condition with using the heating

means 3 ang, Jghi,r I i],&g:% LSl o} 24 pRQGEeSS] NG chanber
20 via the&box f i%io’%‘ﬁm{e J;ﬁrelﬁ%%lﬁgggt £¥gaoflp§)r¥éa g]%‘?' gRins
magnet M winelnsi$1 (e tproceesion ehumdpoR0 By S@Ra%1e0 o APRAEALY SFf hAlFAng:
perform ng the method of the present invention. First of all,

sintered nEghet $han nh¥elQ n’ B andahrssing the precepsing chaber r3hedtiabove
pl d . 1 NQ: i f t b b 1 f 1
the hetal 2Rt ol AR N b Bl 1S w8y BB oYL o

the box boihya gredéibamsndd@esdurber ed magnets S and the netal
evaporating materials V are arranged away from each other in the

processi ng 48ber 20). After having closed the open top of the box
body 21 by th

id. 22 th 2 is placed term
posTt ton_onct REY 466 ehBsalde e ulnEiSte thafll 3 Han Endieade =12
(see Fig. prbdetbBBimcAvideipaldtige 18 rVide WHtuatsd 8iHi¥ionl D Plafed on the

predeterm ned pressure (e.g. Ix 10-4Pa) via the evacuating neans 11
(the procdwsiony sunfandef the procasvimgueltomtber 2Giphestedrte aftelqkfatdiai t

hi gher than,1, X,10' Pa) and heat.i ng the. prqcessi chanber 20 with
ac?q]uati on %’F’S"ﬁ%mﬁga?ﬂ]#ga%@ﬁﬁé’? @%ﬁ“é’ﬁeﬁs hggﬁé’gtfép%e?oﬁ%\ e
reached t QuapbiaRidat 8hdll ARGrdhAFSH! By 1HR88htmosph ture
in the procegsi%ng chanber r20 %gs regch%to%osgr gﬁﬁir%ﬂﬁee%qﬁp%ea

t enper at urppocasdiag chambey finee B suterkd inagnetDB adaDegbody atdarrangddom

f f th i h 0.i heat ed t t t
SUbst ant | 45 S8 S2a8 HAES GReltrs it Jeds SR Soam Hueot0 SHeE Bofiences
the evaporghicoa aRgnaGCohdvig ¥ nfelfd J2BRL oi‘fNH)ﬁEi!["gh%sé %gﬁ%;cﬂg%al n
nb an ody are

t he processing chamber. Since the sintered. magnet
arranged awdy comomneed fitsevhporatior! The Dpyattmd yn dheDynayer athosphbtey

tick to th i d ts S i |ted f f -rich

Shase wherPIBIRPEoh B0 CCOMEACULS SHEAsA g8 PIRPTSH, MBReIss) DaRSHPIm t he
apor I

Dy vap %ﬁ%ﬁﬂ%ﬁf{sﬁs%aﬁ%ﬂj ik QQME"??’SE@& %c}tgﬁfgﬁsﬂfng&ggéﬁ hat

sintered magnet S heated to“a tenperatur

of Dy bodyfraih reegitkalithrefrdifoytibodyfiar rédpeating cellisiond ahd thé deposéied Myns
after repeating callisiqQqns and the deposited Dy atons are diffused

into the gems e dHiue] Padeszram bonndern phatey ofile stoteyed raaguetis t he
perimanent SROAGE M hSniBHAUE AGEAEEHE is manufactured.

[0049]

As shown in Fig. 3, if Dy atoms in the Dy vapor atmosphere are
supplied onto the surface of sintered magnet S and then deposited and
recrystallized thereon to form Dy layer (thin film) L1, the surface of
permanent magnet M is extremely deteriorated (its surface roughness is
worsened). In addition Dy deposited on the surface of sintered magnet S
heated to the substantially same temperature during its process is melted
and excessively diffuses into grains at a region R1 near the surface of

sintered magnet S and thus the magnetic properties cannot be effectively
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10049] As shown in Fig. 3, if Dy atons in the Dy vapor atnosphere
are supplied onto the surface of sintered magnet S and. then
deposited and recrystallized thereon to formDy layer (thin film Li,
the surface of permanent magnet Mis extrenely deteriorated (its
surface roughness is worsened). In addition Dy deposited on the
surface of sintered magnet S heated to the substantially sane
tenperature during its process is nelted and excessively diffuses
into grains at a region RL near the surface of sintered magnet S and
thus the magnetic properties cannot be effectively inproved or
recover ed. ihgp®egd orrecoverest is, if the thin filmof Dy is once formed
on the surfgﬁﬁ @i sintered magnet S, the average conposition in the
surface of si ? ed nmagnet S becones Dy-rich and thus the |iquid

phase tenper at urgtiis if eaas BROADE iSodda6tna] of it 888k BASlerad | S

melted (is. the principal phase is nelted and the amount of liquid
phase is i roagueatel) theAavelage reesmpositivh iwhithd sarfaegiobsintersd tiensti ace

f sint S.i .1 ed d d,and thus jts i it
< T nor oo FSORAY DHGHOPED ) S Kb eI oT o dRBPPELS TP BTG s
toget her widire gf %ﬁer@@%a%tet 5116 WelteR 08 §1h8 BeindpdP phike i88Xd1BAENG

energy product exhibiting the magnetic properties and the remanent
flux densi tthe ameunt of Heuidyhese metherda8@BH14s the resAltob mbiiciga regidiaear

exanpl e of the present jnvention, body _of. bu configuyation
(subst ant i PyS@ﬁF@r?ﬁannf%faﬁﬁn@aP%Déom %&Wﬁn@é%ﬁéﬁéit pg its
surface ar 0 r 1 ol . ftom
surface of qtﬁﬁgﬁ }@ér&'{)tgggsllﬁ%%a% ér%ﬁeyrﬂhézrgy %%I%Freg% %S%gyi?%gs/%gs V\tlg‘:jJ ght™ of

t he \si nt er egaimsgiogethen wish taogreat deel ahligniduphasef aml dpoy thd amximder a

constant tenperature. In addition to that, the tenperature in the
processi ng *CRERDEFOBIEE exibiing, the, mMagRgHc Fropgybies -ag?o@@cr@lw dhp) y -

900C - 100%D%W+i§;b%?’éd%g_ heati ng nmeans 3 when the netal

evaporating nmate .g. the saturated vapor pressure of Dy

i s about 1X[ooa1] i Pa when the tenperature in the processing chanber

's 900G - 1000C)According to the example of the present invention, Dy body of bulky
Eonﬁmation (substantially spherical configuration) having a small specific
surface area (surface area per unit volume) is arranged on the bottom surface
of the processing chamber 20 at a rate of 1~10%by weight of the sintered
magnet so as to reduce an amount of evaporation under a constant
temperature. In addition fo that, the temperature in the processing chamber

(. 20 is set at a range of 800°C~1050°C, preferably 900°C ~1000°C by
controlling the heating means 3 when the metal evaporating material V is Dy
(e.g. the saturated vapor pressure of Dy is about 1X 1072~ 1X 10" *Pa when
the temperature in the processing chamber is 900°C~1000°C).
[0052]

If the temperature in the processing chamber 20 (accordingly the
heating temperature of sintered magnet S) is lower than 800%C, the diffusing
velocity of Dy atoms deposited on the surface of sintered magnet S into the
grain boundary phases is decreased and thus it is impossible to make the Dy

atoms to be diffused and homogeneocusly penetrated into grain boundary
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[ 00521 If the tenperature in the processing chanber 20
(accordingly the heating tenperature” of sintered nmagnet S) is |ower
than 800C, the diffusing 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

di ffused and honpbgeneously penetrated into grain boundary phases of
the sintered magnet S before the thin filmis fornmed on the surface
of sintered nagnet S. On the other hand, if the tenperature exceeds

ronor at e MARREE oSSR dhialel SHLAR ARIEH AN BB DA ThoTRG 1 N

vapor atnosphere are excessively sup e sur

sintered nadsidiieted inagaetd. tO0the dthet hand rifitlh thaderiryvexdeddd 80507,
diffused into grains and if so,. since the magnetization in the grains

i s greatly tediRRoY pregse H{xPruis wareagsd smd Bricetoms e flsgh &vADO | ux

density ar I £ Kffuse into
the gr ;i n Eagﬁdrﬁg%p ‘ggt%sggﬁlt{;ggéﬂheg %ﬁ? F\hﬁ‘ %1111’%’0%? ; fﬂ/‘gﬁrgh P%)af%rl%%gg# t he
surface of aslditi@r, étlisnafepid thal, Dy heuldbd diffakedint® kading Bhd a0R, gheatif

the bul ky Dy placed on the bottom surface of the processing chanber
20 to a torBRERsizAtien intheLramsis gragtiyieducsdnihe maxsnpmansoeoprodhet

bearing gri I r,20. s set to be a range of
Ix 10' --#fg'ﬁz%‘g.rg{“ﬁhg&rﬂa% dusfiy are ?#giﬂg%frﬁ%“"reggi on of Ix 10-4--2 X10,
t here woul d[p@53onetine forned a thin filmof Dy and Tb on the

surface of sintered magnei S and thus a permanent nagnet having high
magneti c proper {3 8xdexdA dbtfusseDy patei the grambaunidgry nhases befire fthe abine

ands of  Vatpl G0 lohited B fod e hl oM IR R L HAPLGI AT05 X
atoms to thkarfataaessed theddky Byt flabsl & PRy Bsisas sdifacd of fﬁéepro@éyg%gi on

of the vapor pressure as well as the evaporation anount of Dy

al so enabl ébamper gDrtp A fatal surensi arpatod the sintersdemagrest 9 ntaced oneidtei ng

of the sin 1 i nefd .ra of . t enper, t‘yipewvith
maki ng thetbgélggﬁ qur@ %1%%‘?3%5?%%#1?6{5?%\??&@% Sgrr%lg’nheetagnt 053 I'ficl uded
in a predete2Xil0édlx angtio offecrathdinrthik tekibn iof 1pOREItblEX 107 ahbicCiverll Y
and honogeneously diffuse and. penetrate the Dy atons deposited on

t he surf ac®eofomatieg femeadagibin SlmnelDynandyThi ¢n whesutiace pf saderedf
mmgnet & alirerat s e B Ao taf RRpeh R el g madiicirappicd °
result of ‘whahedt betobtsinp@Jaithisease, a preferable range of the ratio is 1X 1073~1
%102, and more preferable range is 1X 10" 2~1X 102,
[0054]

C- This enables the amount of supply of Dy atoms to the sintered magnet 8
to be suppressed due to the reduction of the vapor pressure as well as the
evaporation amount of Dy and also enables the diffusing velocity to be
accelerated due to heating of the sintered magnet S in a predetermined range
of temperature with making the average grain diameter of sintered magnet S
to be included in a predetermined range. Accordingly it is possible to
efficiently and homogeneously diffuse and penetrate the Dy atoms deposited
on the surface of sintered magnet S into the grain bou_ndary phases of the
sintered magnet S before they deposit on the surface of sintered magnet s and
form the Dy layer (thin film) (see Fig. 1). As the result of which it is possible
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to prevent the surface of permanent magnet M from being deteriorated
and the Dy atons from bei ng excessively diffused irffto grains near the
surface of sintered. magnet. In addition since the Dy atons are
diffused only in a region near the surface of grains, it is possible
to effectively inprove and recover the magnetizing properties and
coercive force and thus to obtain a permanent magnet M superior in
productivity without requiring any finishing work. [00551 When

t he manufactured sintered. magnet is fornmed to a desired

confi gur atj ] i | ) Ay RBENSJaC
properti esﬂogé}egﬁlg%geﬁst%%%l Oﬁggﬁg%ﬁ&g%aﬁgﬁg%ﬁﬁ |h‘r3r1t\§l Qigxt r e?r%éldyand

det eri or atthg Diypatdmes frencbahg excesfivelyatiffasddninty guatiss henrt the smrfane bhal
phase of the surface of sintered. gnet (see Fig. 4 (a)). However
since the TRtered pagnsatdnad Pr%@e{{ﬁﬁim’eatﬂmst%%d%ﬁa%ﬂ@iﬁmgﬁ RS near

Lo Sur G50l kRHELSS JRSNS oL B SEARvAID EmARH YHle {3BRE: the
processing (see Fig. 4 , the magneti zing properties and coercive
force are megatetieg préidPhi&d and coerCivehfascebaeh tladdrdobtnid heperamayit um
magnet of the prior art to prevent caorrosion of the magnet. However,
accor di ng Paengtd sHBYEeR InipxdtivEY Withqyd geqyjring apy Eosng
extrenely r['bggsforrosi on resistance and, atnospheric corrosion

resi stance as conpared with Nd exists in the inside of cracks of
grains near thehenrihaceafufidiared Bintéed MRgnel iankingedito Rodesieady
phases, it is possihble to obtain a permanent nmagnet having extrenely
hi g % cor r cerBawrationdiniE abidng arsRewR iR Fig ot (188 imnenelis pyorastes of

wi tthout using.. s ' a I [[nsﬁngl i C
conpound fégglﬁgﬁ%&%&?xﬁ&fﬁé@l& ta)ug(rrls% g%ﬁﬁd%r %ﬁﬁﬁgésl‘e’s&%%fa él%a% ere #Jagnet

S, the netgheaitiviBofebadRy 18 achindirithRosindshl @hatdef the steface of simterdder ed
magnet S are further. eff}qﬁi ently diffused., 100571 Finally_after the
process nenegesideeeabisyé (AAvHowery shaeer thenyrigh phase is formed inside of

the cracks of grains near the surface of sintered magnet by performing the

vacuum vapor processing (see Fig. 4 (b)), the magnetizing properties and
coercive force are recovered.
[0056]

Co has been added in the neodymium magnet of the prior art to prevent
corrosion of the magnet. However, according to the present invention, since
Dy-rich phase having extremely high corrosion resistance and atmospheric

(., corrosion resistance as compared with Nd exists in the inside of cracks of
grains near the surface of the sintered magnet and grain boundary phases, it
is possible to obtain a permanent magnet having extremely high corrosion
resistance and atmospheric corrosion resistance without using Co.
Furthermore since there is not any intermetallic compound including Co in
the grain boundary phases of sintered magnet S, the metal atoms of Dy and
Tb deposited on the surface of sintered magnet S are further efficiently
diffused.

[0057)

Finally after the process mentioned sbove have been performed a
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predeterm ned period of tinme (e.g. 4-48 hours), the heating neans 3
is deactivated, Ar gas of 10 KPa is introduced into the processing
chanber 20 via a gas introducing neans (not shown), evaporation of
the netal evaporating material V is stopped, and the tenperature in

t he processing chanber 20 is once |owered to 500t. Continuously the
heating means 3 is activated again, the tenperature in the processing
chanber 20 is set in a range of 450C-650t, and heat treatnent is
carried out to further inprove and recover the nagnetizing properties
and coercive force. Finally the box 2 is rapidly cooled and taken out
from t he vaoedetechimeticperidd of 6@E8]e.g. 4~48nhdure), akaripotingl mbhss Brgsent
i nvention, althou |t has,be described that Dy is used_as netal
evapor at i ndlgﬁﬁi? gl%ﬁ?%%g%ﬁ}ﬁ Bretedycesdato the pigeresing chamber 2he
sintered nagpe 3t o] i e o Ng w_vanor
pressure in a éagagse o?loﬁlelg%l ?ngﬂg ’éﬁp@&’gt%@ﬁg%@@%ﬁﬁ@% t e

si ntered nmegapiraBingnabterial ¥ ds aiwppédratd thc eerdpirhtaranidi the Usotgsin

vel ocity. en . the metal evaporatin terial V arranged in the box
body- 21 t o\égﬁwéﬁr 4 %%?%Y%%F%éo%g%ﬁsu%ﬂw@e bpeling mweras;isg
chanmber ma a%%g]i . - e L t rature is
| ower than)éggg%{aat e Va%gﬁeél?gg%&?%@gﬁ% %&c?gsg% c%l%lgge)i gé\:g? S%‘n%’b%i ng
to supply trhrgeltf 450508-650°C, hadsisat acaténisisitheietlonEiaithdr HOPrdvbe

ot her hand, at a tenger ature exceeding 1150t, Tb is excessively
di ffused i F08 LrYeythe masnatzips psorebesand searcivn dozgy Pinalyishe howi2t he

remanent fl. I | e exanple of the
pr esent im}%%%p?%ﬁ?:b%lﬁ%%ﬁé%l?eﬁuﬁgrsongte}ge%%lég%ﬁhbag&@f Ft%g't bul ky rnet al
evagf;r ating[oagdri al V having a small specific surface area i s used

to reduce the anmpunt of evaporation under a constant tenperature,

this is not abf®Fhn exanpple of Shepresent invenpjor, although i hastheen deezided he
cToss- sect LY Ph 4 hEvbox "BAEy " Soule Rt YrliBd 18Tt} e Bpdrar oo

granul ar nesgetheweipbibd singere@Riapubesd, IV iDilsP Pt & d THOMNnd allbw

(not shown) having a plurality of ogﬁni ngs on the dish after the
met al evap3ARAY PrFSHEecH al rapeh &4 heaking Jeapetpturg ~-1000°C) of the

sintered magnet S enabling to accelerate the optimum diffusing velocity.
When the metal evaporating material V arranged in the box body 21 together
with the sintered magnet S is Th, the evaporating chamber may be heated in
a range of 900°C~1150°C. If the temperature is lower than 900°C, the vapor
pressure cannot reach to a level enabling to supply the Tb atoms to the
( surface of sintered magnet S. On the other hand, at a temperature exceeding
1150°C, Th is excessively diffused into the grains and thus the maximum
energy product and the remanent flux density are lowered.
[0059]

In the example of the present invention, although. it has been described
that bulky metal evaporating material V having a small specific surface area
is used to reduce the amount of evaporation under a constant temperature,
this is not absolute. For example, it may be possible to reduce the specific
surface area by arranging dish (or dishes) having a recessed cross-section in

the box body 21 and placing thereon bulky or granular metal evaporating
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[ 0060] Also in the exanple of the pfesent invention, although it
- has been described to arrange the sintered magnet S and the net al
evaporate material V in the processing chanber 20, it may be possible
for exanple to provide an evaporating chanber (i.e. other processing
chanber, not shown) separately fromthe processing chanber 20 and

ot her heating neans for the evaporating chanber, and to construct so
that the netal atons in the vapor atnosphere are supplied to the
sintered magnet in the processing chanber 20 via a connecting passage
comuni cating the processing chanber 20 and the evaporating chanber
after the nmetal .evaporating material h een_ev rafed in the
evapor at i ng RHEHBLY. of GgsPle to moyng ip gﬁc@@%,mﬁﬁ %@N@gp?iwa}lty of

conmponent of Lregal Faadol i j rakl ng
chanber may ogéeﬁﬁgat ed ]%% 708(@%32%&?%?%%% }%dgﬁl er aatt%@%, %;/%29 heh
sat urat ed vabmedphessure may be about [ x 10-4--1 X 10- "Pa ). If it
is | ower tha 7%8C, t he vapor pressure cannot reach a level at which
Dy can be sug?)qq d to the surface of sintered magnet S so that Dy is
di ffused and ho ene I e i . ai f es.
On the ot her hand® onone ekeRERCLE Phe groddh dhiifeBh oYl 1P ks Fad
evapor at i ng desdribetiad a¥amge The sinh@ed v2gasts bnd thd abdrevapyrabemataiad d
to 900C- 120QC. If it is lower_than 900C, the vapor pressure cannot
reach a | evel ingfherpeessipg chambgr edit praydigmsssible fop exaarie fpmaeddyan
sintered ma : r | foedcbineScHALERE

woul d be di ?; ?%{’soé%nll tgéglrﬁglfﬁ'srg “an tlé]l{?gés% oI rr?fn’llJ ‘Settﬁ%{rbﬁ %Fgg%r&}:—?yand

t he remanentrold the plotsssing chiahibeb 20 dag oasd@datihg Ofedins \ethei dvapsrating
possi/bl e to heat the sintered nagnet S and_the netal evapor ati ng
mat ert al Vv ghamben apdie cougimit £0 thakthe metpd\atores b she parortasmesphere he
sintered magne t re i . - eep
et i s (enupuif B CRRRENAIY fonie ul H0Eeulerdh chidrtl 2070 &

vel ocity angoddedting OpbhgeC icemint ghiclitifou dle igro@ssial Ehanmtnd 20 sepabet ed
on the surface of sintered nmagnet .into the grain boundary phases of

sintered. neaRorating ¢hpmheznpaest thee metak enappradinga gpaieripbvias theam
800C, si ncee{'ré o%itehr;%%es& %rétﬂa%&\é‘ﬁlq%rdi ffusing velocity enabling Dy
|

and Tb to bé used "‘and honogeéneously penetrated into the grain
boundary phaf®s19f the surface of sintered nmagnet, it is afraid that
athin filmconprising the netal evaporating material is_formed on
the surface of ngl thisreage, whendhe mpmerye crapeiient pidhemetal evarerpting,

n ce of & Hleress, nes thghdheimetal over
phase of 1 nEetfiipy iDL e FroERb L bty U B2 pERdo RODT™ B,

into which Rt this Ehpesatasslatie dafuratdRput pissiiiengay be aboutt X 20 fragnet
and thus the st rengft h of magnetic field, accordingly the maxjnmm
i

energy product0 éXrpi Hiihip lower eam (e, theaispex pressuss naanplereash pdefel y
' edug{ed. [ 09.? \:w)’v}aich Dy can be supplied to the surface of sintered magnet S so that Dy is
diffused and homogeneously penetrated into the grain boundary pbases. On
the other hand, when the primary component of the metal evaporating
material V is Tb, the evaporating chamber may be heated to 900°C~1200C.
If it is lower than 900°C, the vapor pressure cannot reach a level at which Th
atoms can be supplied to the surface of sintered magnet S. On the contrary if
it is higher than 1200°C, Tb would be diffused into grains and thus the
maximum energy product and the remanent flux density will be decreased.
[0062]
When it is possible to heat the sintered magnet S and the metal
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In order to renpve soil, gas or noisture adsorbed on the surface of
sintered magnet S before Dy and Tb are diffused_into the grain
boundary phases, it may be possible to reduce the pressure in the
vacuum chanber 12 to a predeterm ned pressure (e.g. |x 10'Pa) via the
evacuating nmeans 11 and to keep at its pressure for a predeterm ned
period of tinme after the pressure in the processi ng chanber 20 has
been reduced to a pressure (e.g. 5 X 10-4Pa) hi gher substantially by
hal f-digit than the pressure in the vacuum chanber 12. During which

it may be possible to heat &he ocessi ng chanber 20 for exanple to
100C by act GRERGUPREHERR] Nt idderenitomperatirgs dhmai ke RasHBle @ haes
for a prede ER%% i faetd 1s = oqy]rgx be
possi bl e toq:%% %%/l eda %%%mgpﬁta%%%%%ggét?n% r%g%%&ﬁ?ﬂ@( nlollt0 bs ovv%)
for gener at kiagp #r atothitHeerparatmre) Thishmablre wol cceldratirttie diffusing veleity
performa prelimnary treatnent for cleaning the surface of sintered

hagnet s by 2BLAEHE o slentl GH¥sedaFaeR DY ARAID JeRopied om Hiberiae of
When. th i i 1 i. al
et SR BRG] holE B MAROLA I TG, 1" ©

arrange a koaperatumesyfodintepdtbinagiet Révey abbn rB00NE) ndigde it ds dmpodsiblepsint
the lid 22 in the vacuum chanber 12 after the cl eani ng has been

conpl eted. pOws5 diffusing vekedity; enablangxBrpeadoflbt He peediffused and
[ tion, al Lit, ' that th ' t d
pox body 21 gRAEESb ArbeBERET LEE Rud Bl b Rudl st S BHCHIRRE ob0”

body, such gingdrelCinteet, SitNqé Abddl thet andh@anlst ohmbritMgC 8 Detal

adapted to the present invention if it is isolated fromthe vacuum
chanber 12 avapoiaiipgseaiewal s fommep ronc thessurfpcerafntivierad megneb On dheiced

i d ht.h . i nqth h 2.
For " exanp! cotet b, a5 sy Rhaf £ By oB b ol S¥ BT MG B
be covered Beiﬂﬁ pRificibalphh& of thé bidkerb erapnbt SEEESRANR w0 BS sHBEhs

contained in the box body 21. It may be al so possible to construct
t he processthas istravbich Dx0on b iy aded duringgeanyiactuniag\the sintered andsmet 12

so that the essing,chapber can ke redet erm ned _pressure
ndependent B RS e SHERERNBUERays BRID BRI B BBl R dictey
the 02 cont gffduct HEbHtAEItRE mdpRetlE Efd;b@ftﬁ& wAll@ bk b¥trOhelPredigdlb i nto
the grain boundary phases, 0Z2conthnt of the sintered nmagnet S itself

may be | ess k498813000 ppm preferably 2000 ppm and nore preferably
1000 ppm

In order to remove soil, gas or moisture adsorbed on the surface of
sintered magnet S before Dy and Tb are diffused into the .g‘rain boundary
phases, it may be possible to reduce the pressure in the vacuum chamber 12
( to a predetermined pressure (e.g. 1X 107 °Pa) via the evacuating means 11
and to keep at its pressure for a predetermined period of time after the
pressure in the processing chamber 20 has been reduced to a pressure (e.g. 5
X 10~ *Pa) higher substantially by half-digit than the pressure in the vacuum
chamber 12. During which it may be possible to heat the processing chamber
20 for example to 100°C by actuating the heating means 3 and to keep this
temperature for a predetermined period of time.

[0064]
Furthermore it may be possible {o provide a known plasma generating

apparatus (not shown) for generating Ar or He plasma in the vacuum
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[ Enbodi nent 1] [ 0067] As a sintered magnet of Nd-Fe-B famly, a
menber machined to a cylinder (10 mMm 4, X 5 ram having a conpqsition
of 30 Nd-1B-0.1 Cu-2 Co-bal. Fe, 0 2content of the sintered magnet S
itself of 500 ppm and average grain dianeter: 3p mwas used. In this
enbodi ment, the surface of the sintered nmagnet S was finished as
havi ng the surface roughness of 20n mor |ess and then washed by
acetone. [00681 Then a permanent nagnet M was obtai ned using the
vacuum vapor processing apparatus 1 described above, depositing Dy
atons onto the surface of sintered magnet S in accordance with the
met hod des c¢h&§@'@?ra1§ba@d taperfeting fypselingitame tte;atlamhﬁ)rlcmgﬂlegamfane

bound h b t fil d th f
oI ntor ot g iORteRs FUREIEP DR BT BERE haPRR I GecHGOHAELEE he
sintered nmagneRhonWas sﬁ&t@&ﬂ%ﬁ@n&t@ aBB&hk Met8l bthpol@tidd mlaibrial V are

processi ng chanber 20, and 9. 9%egree of purlty was used as
the netal exapoget img smeepnoaéssmmmmmemapayémlpngsmhtieramngelms a

bul kY con! | Qe Lo Sh E B Lot o 10 o D P 0 1
processi ng gRaEREEMAGrant P88 kafter the cleaning has been completed.
[0065])
Further in the example of the present invention, although it is deseribed
that the box 2 1s structured by a box body 21 and a lid 22 to be mounted on

(. the top opening of the box body, such a structure is not absolute and any
structure can be adapted to the present invention if it is isolated from the
vacuum chamber 12 and a pressuxe in the processing chamber 20 can be
reduced in accordance with reduction of pressure in the vacuum chamber 12,
For example, it may be possible the top opening of the box body 21 to be
covered e.g. by a Mo foil after the sintered magnet S has been contained in
the box body 21. It may be also possible to construct the processing chamber
20 is tightly closed in the vacuum chamber 12 so that the processing chamber
can keep a predetermined pressure independent of the vacuum chamber 12.

[0066] .

( Since the lesser the O,content, the faster the diffusing velocity of Dy
and Tb into the grain boundary phases, O,content of the sintered magnet S
itself may be less than 3000 ppm, preferably 2000 ppm, and more preferably
1060 ppm.

[Embodiment 1)
{0067]
As a sintered magnet of Nd-Fe-B family, a member machined to a
cylinder (10 mm ¢ X5 mm) having a composition of 30 Nd-1B-0.1 Cu-2 Co-bal.
Fe, O ,content of the sintered magnet S itself of 500 ppm, and average grain

diameter: 3z m was used. In this embodiment, the surface of the sintered
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Then the vacuum chamber was once reduced to 1 x 10 -4Pa (the pressure
in the processing chanber was 5>< 10-3Pa) with activating the
evacuating neans and the tenperature of the processing chanber 20
heated by the heating neans 3 was set at 975C. The vacuum vapor
processing was performed for 12 hours after the tenperature in the
processi ng chanber 20 had reached 975C. (Conparative Exanple 1)

[ 00701 A filmform ng processing was perfornmed agai nst the
sintered magnet S sanme as that used in the Enbodi ment 1 using a vapor
deposi tion apparatus (VFR-200M ULVAC nmachinery Co. Ltd.) of a

resistor heaj@iet!ywas Baished as Mavid@and sﬁffa&éwfodgm%%gs #2005 th Br tl&%ls 4
| e 0

Conparative Exanple 1, an electric current of 1 A was supp

the M boartbemmashed boaeatene. he fil mforning process for 30 minutes
after Dy of §g§§’ad been set on the Mo board and the vacuum chanber
had been eva‘ uated to Ix 10 'Pa. [0071] Fig. 5 is a photograph

showi ng a surf goencp %@f}hhﬂéht%aé%ﬂ Heﬁﬁg%ﬁﬁin&?ggﬁl%SQ?;@cpgﬂap%or

perform ng the processing described above and Fig
phot ogr aph pafces$ing sppamitesi]l deggnbed 8béves epositineddye a&)ms drito klse fuathed

fromthis photqgraph that_i.n the sintered nagnet S of '"before
process" al ﬁb‘&gﬁﬁbﬁgﬂgtpgr’{li@ﬁ%rdéﬁ%wé thsi wethed desoribed, abevgs @nbei ng

. b i - 1 t q
grain_boundasiBhBRE DY atdiis A thel hAGLBRAP BRIGE hetdlS BB hn of

portions di sappear whén the sur ered nmagne
by the Dy Dyyierfoxméd on thd sgrfae of sintéwed Goagrar & (vieuin aapdreprdcdssiag). Fi g.
e,.t he asured value of thickness of the Dy |ayer

5 (b)). In_this c

(thip fil n#n\ﬁéé‘f SrBbotirent, phe santerck magyet 3 wassplpepdhen the beaying grid
Enbaqdi nment s h . Dp%§ u f o | r
de-grain t r2 ggté%%%%ﬁio%gggé%géﬁdan t@hgﬂ%fﬁg O\Sf%??é#\gtglr %%j?{ﬂ]%ialﬁe%%s 3 ﬁose
of the surhadkeahetsl rvepedtinpgneterial. Thehetsl prapopaing atadkdi Kdson it

is found that Dy has been efficiently diffused into the grain
boundary p H-LL%C%&EHF@W%P-H‘QU%&‘B&O&] veighbyt lagf thecneled eypparRtng act

of weight yarlati 9ik ﬁlﬁ@e‘?i &t Bhe bRtiofd durfdBYf Ale processing chamber 20.
[0069] |

Then the vacuum chamber was once reduced to 1 X 10~ *Pa (the
pressure in the processing chamber was 5X 10~ *Pa) with activating the
evacuating means and the temperature of the processing chamber 20 heated
by the heating means 3 was set at 975°C. The vacuum vapor processing was
performed for 12 hours aftex the temperature in the processing chamber 20

C had reached 975°C.
(Comparative Example 1)
{0070]

A film-forming processing was performed against the sintered magnet S
same as that used in the Embodiment 1 ‘using a vapor deposition apparatus
(VFR-200M/ULVAC machinery Co. Ltd.) of a resistor heater type using a Mo
board of the prior art. In this Comparative Example 1, an electric current of
150 A was supplied to the Mo board and performed the film-forming process
for 30 minutes after Dy of 2g had been set on the Mo board and the vacuum
chamber had been evacuated to 1 X 10 “Pa.
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Fig. 6 is a table showing the magnetic properties of the pernmanent
magnet M obtained in accordance with conditions descri bed above.
Magnetic properties of the sintered nagnet S "before process" is
shown in the table as a conparative exanple. According to this table
it is found that the permanent magnet M of the Enbodinment 1 has the
maxi num ener gy product (BH)max of 49.9 MXe, the remanent fl ux
density Br of 14.3 kG and the coercive force ilk of 23.1 kOe, and
thus the coercive force (23.1 kOe) is remarkably inproved as conpared
with that (11.3 kOe) of the sintered magnet S before the vacuum vapor
pr ocessi ng. I ment 2] [0073] As a sintered magnet of Nd-Fe-B
famly, a nenbér 'nmachined to a plate (40 X 40 X 5 (thickness) ram

having a conposiRig.of i9fa ﬁﬁbtb@a%B—sﬁo&i@a?surfaQ@-cbﬁditioﬁ'an 02 gRALGAENtOf
the sintered magnet S itself of 500 ppm and average grain di aneter

of 3g R wadnagney obiainediby verforamingdhe procassing desseibed aboveeans Riged &

magnet S was_finish S I ng the sur roughness .2 N. Or

| ess and t_hi?l B\/\ﬁ%ﬁ%@‘%ﬁ@ Ofc}gggﬁggreﬁo’aﬁgﬁl&ag?heﬁée%l%gesﬁ)éﬁ%é g o et

M was obt ai Refk pEdtbgabRechyaen iRl ¥mipsted RhAERT T B RiRa biss lalditfighhe

vacuum vapor processi ng net hod described above. In this enbodi nent, a

Mo box havi hdack partions sschods padsofiMd richathasenbeing gredbamndatiepbhase @
d 30 (thi i nt d ts.S I d.. i di t t
ench ot her . deiEralRRris Fop P ar e PR IS GES aAbe TR st sHEN of
netal evaporpliffidiBd Ghbshet ENEovEBIRILyCYRP DAULRG (BILLIAIRD 425 athe

bul ky or granular configuration and the total weight of Ig of the
netal evaporCumipayative &xaniplerddsqel Biged b, hihthiscasothesuetsived vhluehef

pr OCE@E ng %&%ﬁgsrs O%Qhe Dy layer (thin film} was 40z m. On the contrary, it is found
in the Embodiment 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 process”. 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. 5 (o).
[0072]

Fig. 6 is a table showing the magnetic properties of the permanent
magnet M obtained in accordance with conditions described above. Magnetic
properties of the sintered magnet S “before process” is shown in the table as a

(. comparative example. According to this table it is found that the permanent
magnet M of the Embodiment 1 has the maximum energy product (BH)max
of 49.9 MGOe, the remanent flux density Br of 14.3 kG, and the coercive foxce
iHe of 28.1 kOe, and thus the coercive force (23.1 kQOe) is remarkably
improved as compared with that (11.3 kOe) of the sintered magnet S before
the vacuum vapor processing.

[Embodiment 2]
[o073]
As a sintered magnet of Nd-Fe-B family, a member machined to a plate

(40 X 40X 5 (thickness) mm) having a composition of 30 Nd-1B-0.1 Cu-2
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[ 0075] Then the vacuum chamber was once reduced to 1 X 10 ' Pa
(the pressure in the processing chanber was 5X 10-3Pa) with_
activating the evacuating neans and the tenperature of the proceSS|ng
chanber 20 heated by the heating nmeans 3 was set at 925t. The vacuum
vapor processing was performed for 12 hours after the tenperature in
t he processing chanber 20 had reached 925C. Then heat treatnent was
perfornied with setting the treating tenperature at 530t and the
treating time period at 90 mnutes. Finally the permanent magnet
manuf actured by perform ng the nethod descri bed above was cut by

W I e-cutti ngoda). iy 0)goderybithEk GRLH ni .
[ 0076] ol g. 7 i ?i ?ablg gﬁ%&m@ﬁg theegnggﬁgg%f%?5gé8%‘gf ??%év%?é

per manent ng:gxmtdwmmerodfa??waﬁmbelseénin dhis st bodiméni)ytha rsdrfabe ofitiweint
of Dy arran%‘e_lge o& t he ? tto ce of t cessi chan&er SO
Chat t he r A PEFTEH BHRDSF oS G baying thy \E&?qeom SBORPOL M Plce
area-of sinf.es £6ld MR Ghshad aIcQﬁ) I’OCGSSI ng chanber 20. According to
this table it |§s f ound S}% H% cgg be diffused into the grain

boundary pha¥8§4before the th| n f| I mof Dy is fornmed on the surface

of sintered magpet S if bul k Is used and sajd ratio is in
about ox 10-5- %ﬂ%mwwng Ldgoe é@vaf Pjainsd cusing th%\ﬁfﬁ@mn&rvgesar

o' the ot heP Ranis eofiadisch nd G208 A AU pl e el eaodCE,

the grain bﬂuvdaimk%a&bsdmmht;raem:hﬁxﬂahmgfdmmn@f20@)4]0’00@5&0mm t he
surface of sinter %Slqu)ald atio is in about 62-1 X103 :
al t hough gr%fﬁ%ul‘%%ﬁ the hoxo2nind o0 fhinty) sintred wWagneta S a8 Bigesd n

;ngrrege{:)(r:ll t Jl&rs acegfnaﬁE S%%?%Pég IéﬁtotﬁnetjﬂmgB f sal gf&%réé"]) eco%ewaglvas
| arger t hanus’bd)ﬂs]ims.métﬁhbmjiomﬂﬂhg B:]au{rﬁ)ﬂTFHe metal evaporating material has
a bulky or granular configuration and the total weight of 1g of the metal
evaporating material was placed on the bottom surface of the processing
chamber 20.
[0075])

Then the vacuum chamber was once reduced to 1X 10~ *Pa (the
pressure in the processing chamber was 5X 107 *Pa) with activating the
evacuating means and the temperature of the processing chamber 20 heated
by the heating means 3 was set at 925°C. The vacuum vapor processing was

( performed for 12 hours after the temperature in the processing chamber 20
had reached 925°C. Then heat treatment was performed with setting the
treating temperature at 530°C and the treating time period at 90 minutes.
Finally the permanent magnet manufactured by performing the method
described above was cut by wire-cutting as having a cylindrical configuration
of 10 mm ¢ X5 mm.

[oo76] _

Fig. 7 is a table showing the magnetic properties of permanent magnet

when changed the configuration of Dy and the amount of Dy arranged on the

bottom surface of the processing chamber so that the ratio of the total surface
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As a sinhtered magnet of Nd-Fe-B family, a nenber having a tonposition
of 25 Nd-3 Dy-1B-1 Co-0.2 Al1-0.1 Cu-bal. Fe was used and this nenber
was nachined to a rectangul ar parall el opi ped of 2X 20x 40 nm In this
enbodi ment, an alloy of 0.05 M 0.5 ram was nmade by a known strip
casting nethod with fornulating Fe, B, Nd, Dy, Co, A, Cu at said
conposition C. ratio and then once ground by a known hydrogen
grindi ng process and continuously pulverized by the jet mlling
process. Then a sintered nmagnet S having the average grain dianeter
of 0.5 it mp mwas obtained by sintering the pul verized powder under
predeterm ned conditions after *having been magnetic field oriented
and forned t @rea pf Syctockhei toted stwfare gresae] sintared anagwetlS imhheroteseimgof

the sintered et s_f.inished as, havi t.h face r hness, of
e oL o (TRRES 28 MBSakhR B AT Ml B 6t AUAOE
per manent NBGRE rdth Watn @4Xy3HAgEs BeThRAhE PRInVAGHSMDY APRFmE 6% S &ilidace
apparatus 1 and the vacuum vapor processing nethod descri bed above.

In this enbodf simbered rogned faf of Ist e svjused grdtsgidsragiods p abad
on the beari id 2la in the M box equi di.stant L.y apart g
other - I addot R Bhigy st Bs s8edomydagrts 4P Bl iyl B £330 4n
the netal evap@sallJhGifB lﬁfgh%beﬁﬁﬂ 518 of AbAlt HPkOLIORthel Oih@r Bfﬁn% ﬁis

netal evaporating material was placed on the bottom surface o
processi ng cHamobtha2dt id P@Edle to diffufh By inhetheagraimbolalzne phases lefoe

reduced to 1 0. Pa (t ressure in th r Qcessi chanmber S 0X
10 " ey it h the dhipdti e DRG BU3Eh e i AR SRS RIS et oGP
the processi Rg ;¢ hames~4%k fiPahrioldh HhgullEaby 1Y OBRME & IBReEks Ped
975t. Jhe vacuum vapor processing was perforned for 1-72 hours after

the t er at and thns thebtpinoihe £s¢nciye dhmathighe? Ohia A0 kOacHewe®# 5t thi libn
heat treatnen

500C and the 0% ngg‘?’ﬁg rf;q%rr‘i‘re'rfng@%\g %ﬁfazgtég%é?gf@téé&%té Hhaid 75 Bocomes”
larger than 1102,
[Embodiment 3]
(0077}

As a sintered magnet of Nd-Fe-B family, a member having a
composifion of 25 Nd-3 Dy-1B-1 Co-0.2 Al-0.1 Cu-bal. Fe was used and this
member was machined to a rectangular parallelopiped of 2X20X40 mm. In
this embodiment, an alloy of 0.05 mm~0.5 mm was made by a known strip

casting method with formulating Fe, B, Nd, Dy, Co, Al, Cu at said composition

N

ratio and then once ground by a known hydrogen grinding process and
contimuously pulverized by the jet milling process. Then a sintered magnet S
having the average grain diameter of 0.5y m~25 4 m was obtained by
sintering the pulverized powder under predetermined conditions after having
been magnetic field oriented and formed to a predetermined configuration in
a mold. The surface of the sintered magnet S was finished as having the
surface roughness of 50 1 m or less and then washed by acetone.
[0078]
Then a permanent magnet M was obtained using the vacuum vapor

processing apparatus 1 and the vacuum vapor processing method described
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W801

Fig. 8 is a table showing the nmagnetic properties of the

per manent magnet obtained in accordance with conditions described._
above at average values. According to this table it is found that a
per mmnent magnet havi ng the maxi mum energy product (Bl Orax of 52 M3Ce

or nore,

the remanent flux density Br of 14.3 kG or nore, and the

coercive force LWof 30 kCe or nore when the average grain dianeter

is 1-5 It

in or 7-20 p.m [Enbodi nent 4] 100811 As a sintered

magnet of Fe-B-Nd fam |y not including Co, a nenber having a
conposition of 27 Ndl1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe was used. In

tasti g ot ey 2R this Sl SnRnt Ho0 ey Rytted Sl malnde 0 Tideh
conposi ti on @tk Kadingt AEQ 20068 tHE A oY eﬁuﬁlgﬁﬁﬁlﬂwﬂaﬂg@&h%ﬂagﬂ Eﬂ

process and conti nuouslydg‘;ﬂ verized by the jet ml

a sintered magdsionohudky

I ng process. The
afg09.21% dagrak | of pprifedwas Bek 20 thedtetad

btained b l.nteri h I | zed det ] .
Gondi L1 ons. aFYERORDE TG BEieh SHAGHR FF el FRISHE S 0nob i ML GRBtrot B8
predet er m nedngenhi |45 Bldcloh thePbdind surfl® oFihd fi%8e2fng dhatlrbgr ed

r
magnet” S was finished as having the surface roughness of 20a m or
| ess and then[@@&ed by acetone. (0082]

Then the vacuum chamber was once reduced to 1X 107~ *Pa (the
pressure in the processing chamber was 5X 107 *Pa) with activating the
evacuating means and the temperature of the processing chamber 20 heated
by the heating means 3 was set at 975°C. The vacuum vapor processing was
performed for 1~72 hours after the temperature in the processing chamber
20 had reached 975°C. Then heat treatment was performed with setting the
treating temperature at 500C and the treating time period at 90 minutes,

{0080]

Fig. 8 is a table showing the magnetic properties of the permanent
magnet obtained in accordance with conditions described above at average
values. According to this table it is found that a permanent magnet having
the maximum energy product (Bf)max of 52 MGOe or more, the remanent
flux density Br of 14.3 kG or more, and the coercive force iHe of 30 kOe or
more when the average grain diameter is 1~5 2z m or 7~20 . m.

[Embodiment 4]
foo81]

As a sintered magnet of Fe-B-Nd family not including Co, a member
having a composition of 27 Nd-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe was used.
In this embodiment, an alloy of 0.05 mm~0.5 mm was made by a known
strip casting method with formulating Fe, B, Nd, Gu, Ga, Zr at said
composition ratio and then once ground by a known hydrogen grinding
prooe.és and continuously pulverized by the jet milling process. Then a
sintered magnet of a rectangular parallelopiped of 3X 20X 40 mm was

29

ip
g
n
m

d
a



Then a permanent magnet M was obtai ned usi ng the vacuum vapor
processi ng apparatus 1 and the vacuum vapor processing net hod

descri bed above. In this enbodinent, 10 (ten) sintered nagnets S are
pl aced on the bearing grid 21a in the Mc box 2 equidistantly apart
each other. In addition bulky Dy of 99.9% degree of purity was used
as the nmetal evaporating material and the total weight of 1 g of the
nmetal evaporating naterial was placed on the bottom surface of the
processi ng chanber 20. [0083] Then t he vacuum chanber was once
reduced to 1 x 10 'Pa (the pressure in the processi ng chanber was 5 x

103Pa) wi t h ohtainedby mmteries theopuevireg nosules vader predetesmiradatondiiops
t he processi hanbet 20 _heat gd t he at i neans 3 was .set. a
900C Then SREECHEE PR EHERGRS TP PHER Aol rRs Ao Ran g o hirg
reached 900tgnfififadas Wy IYARIThPHAERSDE Dk HRRrREMhSHERS whe fintstred @s
hours at every 4 hour interval. Then heat treatnent was gerfor med

wi th setti ndaving the sarfaeryronghpessaf 80 o naor Beoadihentwashed dataceigne.i e
period at 90 Mt es and searched for the vacuum vapor processing
hour {time i L al ) obtainable best magnetic properties (optinmm

vacuum vapor pregessi Pernaibnk -miGRADA’ @i YBtaEA RIS g 4he [RE M v%porl n

Conpar ati ve Exanpl es 4a-1/4-4c, Sintered rctagnets each having
conposi t i onpudce@stugdppar@ius 1Ba@ 6 @eudmOtpGa pockssing madthoddescribed

Fo'( Conpar aBbO%. MR RRBoig 0 Fonh R g G5 et PGt et 1
Zr-bal . Fe pedSRIpPREAITINE tﬁé%lgmﬁx 4B ntlp %?gt}sea%h%itl‘iﬁrﬂﬁgddlﬁ%et

of Fe=B-Nd fam |y including . I'n these exanp , an alloy of 0.05
mm 0\5 mm whslkyady bi 98.9¢hdegres tofi puritys wian gusedt o dhevimmétal evapdratingg

Fe, B, Nd, Co, , Zr sai osi.tion rati o and then .once
ground by a“%@t’f%%‘:l %‘%r%&qug][gf"?#ﬂgqg Bﬁgge;mg%.eglgmriaﬁag&g?@n was
pul veri zed Byacwl Jgﬁ%éw%ﬂllsﬁﬁasgmﬁéi&o%%&@m%ﬁd magnet of a

rect angul ar Egra opi ped of 3 X 20 was obt ai ned by
sintering thE0g88lveri zed powder under predeternmined conditions after

havi ng been magpnetic.field oriented and forned,to.a pr. ermn

cont 1 gurat on | ABSa rhecvacha shrdes B oA PRt o gt - Bandee
fini shed asphavifgid RRe P1bdRSiBe" QAU SPad b 20 P Wiih | &%ﬁaﬁiég thgen
washed by acetone. Then permanént. magnets of the Conparative anpl es

4a- 4c was obvaiuatidg myeguerdudr thie tgmiphetpreoafads ipngredsing chivateratdheatadder

sane conditjon s those of .the Enbodi 4 and arched for .t
opt | mum vac ey BEADE FEEES S1P SO J0DC: Then aher 162 tSmperabite i the

processing chamber 20 had reached 900°C, the vacuum vapor processing was

performed for 2~38 hours at every 4 hour interval. Then heat treatment was
(I performed with setting the treating temperature at 500C and the treating

time period at 90 minutes and searched for the vacuum vapor processing

hour (time interval) obtainable best magnetic properties (optimaum vacuum

vapor processing hour).

(Comparative Example 4)

[0084]

In Comparative Examples 4a~4ec, sintered magnets each having a
composition of 27 Nd-1 Co-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe (Comparative
Example 4a), 27 Nd-4 Co-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe (Comparative
Example 4b), and 27 Nd-8 Col B-0.05 Cu0.05 Ga0.1 Zrbal Fe
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[ 0085] Fig. 9 is a table showing the average val ues of the
magneti c properties of permanent nagnets obtained in the Enbodi nent 4
and Conparative Exanples 4w--4c as well as evaluation of the
corrosion resistance. Magnetic properties before the vacuum vapor
processi ng of the present invention was performed are al so shown in
the table (Fig. 9). The 100 hour saturated vapor pressurizing test
(Pressure Cooker Test: PCT) was carried out for the corrosion

resi stance test. [0086] According to this table (Fig. 9), it is
found that %'nce t he %Frnanens magnets the Conparative Exanples 4a 4c
i ncl ude Co, ‘g%ﬂ@réfﬁ"% XBRopioAe) Feme Hsgdsasp sinjierefl pragreh of FrsBridd family
despite of ' r ' he present

i nventi on. Eﬁﬁ%@%&?ﬂgFﬁﬂ%ﬁ%%&t y%%%&gb Pgﬁfﬁé#ggéﬁéﬁ&%ggg ance it

i S i npossi bkaowe shay eastidy gletlawithviorhal2mgWhgB,1NE, Cb,"Gu) Ghezyvat of
t he vacuum vapor processing is short and the optimum vapor

processi ng Faifeompegbion ratip aad)thep opeg graseddiyde dnpwn hydorasararinding h

i ncrease of opntent in the conposi t.ion. .[0087] ... On th

cont rary, iﬁggﬁéeé %‘?n‘%’%’%tugﬁsgﬁn% eol}‘zefihgy.@’fb}? im?gzgro?elss.i i‘h?’i‘)d’hd

that no cor siasérod msgntsbbheratdiiddrhpaitlopdRapht 8 >050 kR with Ngado

Co and thus it _has high corrosive resistance. Furthernore it is found

that the pephtainedtbyrinieaingdhe mindvemized dowden undeyaredatenmided isbuitions

o v i Rl By AR B P! Glorfed St AR 3 PHRVERS
configuration in a mold. The surface of the sintered magnet S was finished as

( having the surface roughness of 20 z m or less and then washed by acetone.
Then permanent magnets of the Comparative Examples 4a~4c was obtained
by performing the processing described above under same conditions as those
of the Embodiment 4 and searched for the optimum vacuum vapor processing
hour.

fo0s5]

Fig. 9 is a table showing the average values of the magnetic pro.perties
of permanent magnets obtained in the Embodiment 4 and Comparative
Examples 4a~4c as well as evaluation of the corrosion resistance. Magnetic
properties before the vacuum vapor processing of the present invention was

C performed are also shown in the table (Fig. 9). The 100 hour saturated vapor
pressurizing test (Pressure Cooker Test: POT) was carried out for the
coxrosion resistance test.

[0086]

According to this table (Fig. 9), it is found that since the permanent
magnets the Comparative Examples 4a ~ 4c include Co, generation of
corrosion is not visible in the test despite of performing the vacuum vapor
processing of the present invention. However, although they have high
corrosion. resistance, it is impossible to have a high coercive force when the

time interval of the vacuum vapor processing is short and the optimum vapor
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[ Enbodi ment 6] [0088] As a sintered magnet of Nd-Fe-B famly, a
menber _having.a conposition of 20 Nd-5 Pr-3 Dy-13-1 Co-112 Al -bal. Fe
was used. This nenber had its own O2content of 3000ppm and aver age
grain diameter of 4 ji mand was machined to a plate of 20 x 40 x 2
(thickness) mm In this enbodinent, an alloy of 5 mm (thickness) was
made by a known centrifugal casting nmethod with fornulating Fe, B,

Nd, Dy, Co, Al, Pr at said conposition ratio and then once ground by
a known hydrogen grinding process and conti nuously pulverized by the
jet mlling process. Then a sintered nagnet S was obtai ned by

havi ng been ERIEVEE FREFRebr GHYED R der AR D e B RaEas
confi gur ati onpfigs Bnfk ta tH\@nSidsftdee of the sintered nagnet S was
finished as having the surface roughness of 20 Lt mor |ess and then

washed by acet88&1 [ 0089] Then a pernmanent nagnet M was obt ai ned

b1 08581 ng. ot ho LR FESERI a0, BAHATAE TR G Bt BpeT premh s f s

processi ng net ho 2 . PYH _ _ e »

sintered magnelsd haad Bhaskd i@ Qisﬁﬂl@aﬁéﬁfﬁe%s%ésﬂit‘%iafig%cﬂbdgﬁ%g}ggég%ge
. 0

equidi stantly apart each other. In addition bulky
of purity washuseatl ks high cetrodivewegstaatd. nBurthemteei &l isafiokntlhthat othel

ol ohe of 1 $Rhebds BELSL. SIERELLIB I CLIAL NED R2°SS 00 LIS o
average 18 kOe after a very short vacuum vapor processing such as 2 hours.
[Embodiment 5]
C [0088)

As a sintered magnet of Nd-Fe-B family, a member having a
composition of 20 Nd-5 Pr-3 Dy-1B-1 Co-0.2 Al'bal. Fe was used. This
member had its own O,content of 3000ppm and average grain diameter of 4
g m and was machined to a plate of 20X 40X 2 (thickness) mm. In this
embodiment, an alloy of 5 mm {thickness) was made by a known centrifugal
casting method with formulating Fe, B, Nd, Dy, Co, Al, Pr at said composition
ratio and then once ground by a known hydrogen grinding process and
continuously pulverized by the jet milling process. Then a sintered magnet 8
was obtained by sintering the pulverized powder under predetermined

(‘ conditions after having been magnetic field oriented and formed to a
predetermined configuration ir a mold. The surface of the sintered magnet S
was finished as having the surface roughness of 20 m or less and then
washed by acetone.

{0089}

Then a permanent magnet M was obtained using the vacuum vapor
processing apparatus 1 and the vacuum vapor processing method described
above. In this embodiment, 10 (ten) sintered magnets S are placed on the
bearing grid 21a in the box 2 equidistantly apart each other. In addition
bulky Dy of 99.8%degree of purity was used as the metal evaporating
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Then the vacuum chanmber was once reduced to 1 X 10- 'Pa (the ‘pressure
in the processing chanber was 5x 1(13Pa) and then the pressure in the
processi ng chanber was set at | X 102Pa. After the tenperature in the
processi ng chanber 20 reached a predeterm ned tenperature, the
process described above was perfornmed for 12 hours. In this

Enbodi nent 5, the sintered magnet S and the netal vapor material V
were heated to a substantially sane tenperature. Then heat treatnent
was performed with setting the treating tenperature at 500C and the
treating tinme period at 90 m nutes. [00911 Fig. 10 is a table

ohon ot ornte P e bRk 6 A B8 sy RRRRR Mastrir e

range of 75@laced dd CRK hitege kidacefithe poREadsy dhakiirs 20f sintered nagnet
when the vacuyum yapor processing was not carried out. According to

this table ik0G98lf ound that sufficient Dy atons cannot be supplied to

th f f i nt S.at at | +4han,_800C
and. thus the coBes e Tesida"SpaSharwBb BrseCrrbient val b % Hbr sheatn
the ot her hardsulelia tnaiﬁkdwgsi@gg@wﬂbd@r%w 10 B Bxd 3Rch R EQNBORNT

flux density Br were reduced because of excessive supply of the Dy
atons at a thenproeessingechadien dvasset @50 X307 *Rat After tlzs tenifferatawe iatle of

t he sintered magnet s. fo d with er.. 092 On the
contrary, ib™® %Hﬁjﬁl\é\ala”flhﬁ ﬁg]srﬁ%%ﬁﬁarf’e %téedr?g%‘ﬁ@{‘e% ﬂpé‘i‘i‘tmg {fag process
properties §axiibed (dpevaraids pur G aRA0r PO Hbets. (BHNREModiRER shan SO
MXe, the remanent flux density Br of nore than 14.3 kG and t he

coer ci ve f osiotered kmpened Shand 2hekDetalasambt siabeialwie werd dhetiedpér at ur e
of tlfie processi hanber 20 were t at a range of 800C:---105QC. In
Chi s cast STTREEATRPIVLSRS (RaDHEELE o et ISR PEVRGR Heb POTarof 37
magnet and mﬁﬁg tNEBredBhg B mY&abd 2500'C ahd tﬁ@%ﬁﬁﬁgg,;mé%rﬂﬁzatgﬁn

efficiently diffused into the grain boundary phases oret
| ayer is fommades.] Embodi ment 61
[0091]

Fig. 10 is a table showing average values of magnetic properties of
permanent magnets when the temperature in the processing chamber 20 was
varied in a range of 760°C~1100°C together with average values of sintered
magnet when the vacuum vapor processing was not carried out. According to
this table it is found that sufficient Dy atoms cannot be supplied to the

surface of the sintered magnet S at a temperature lower than 800°C and thus

a

the coercive force iHe cannot be effectively improved. On the other hand, the
maximum energy product (BH)max and the remanent flux density Br were
reduced because of excessive supply of the Dy atoms at a temperature
exceeding 1050 “C. In this case the surface of the sintered magnet was
formed with Dy layer.
[0092]

On the contrary, it is found that a permanent magnet of high magnetic
properties having the maximum epergy product (BH)max of more than 50
MGOe, the remanent flux density Br of more than 14.3 kG and the coercive

forece iHe more than 22 kQe was obtained when the temperature of the
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[ 0093] As a sintered magnet of Nd-Fe-B family, a nmenber having a
conposition of 20 Nd-8 Pr-3 Dy-1B-1 Co-0.2 Al-bal. Fe was used. This
menber had its own O ,content of 3000ppm and average grain di aneter
of 4 ji mand was nmachined to a plate of 20 X 40.x 2 (thickness) mm
In this enbodi ment, an alloy of 10 nm (thickness) was nmade by a known
centrifugal casting nethod with fornmulating Fe, B, Nd, Dy, Co, A, Pr
at said conposition ratio and then once ground by a known hydrogen
grindi ng process and continuously pulverized by the jet mffing
process. Then a sintered nagnet S was obtained by sintering the

pul veri zed,:pusiab dWadffer HH0CHBECENT A8 r HRRMUL A0S~B0E6C. AVIHG chgen
magnetic field oriented and fornmed to a predeterm ned configuration
in a nol d.sifdeeDy dayeacwanholt fremsd whahe dunfagn ef sifitevad mhagries hed there

havi ng the surface roughness ,of in or, less and. then shed by
acet one. [%ﬂflgﬁt vary %%ﬁ&%ﬂfﬁﬁ@#ﬁ&&%%ﬁ%@%&@%&%ﬁ g the
vacuum vapghif¥Radas) fas3kBahad e g LIS @Ecuum vapor processi ng
met hod descri bed ab(fﬂst/giﬂal nthis en%yo%?nelnt, 1égp(ten) si ntered magnets
S are pl acdBndwdihentodari ng grid 21a in the box 2 equidistantly apart

each ot her. b@additi on bul ky Dy of 99.9 %legree of purity was used
as the rretzip aporating material and the total weight of 1 g of the

met al evapor atgn il pl.aced. t Rot .o age. he
processi ng chéalr?bgir %ﬁ%(golgggﬁq‘hlgﬁ 1? eﬁgg%eis&%ré %nq}%ﬁ%r%g‘g% itr'?g
chanber 2@ommssisioh ef 20xNEB T8 DyAIB-@r Co0e2 tAdrbakr Bb uwsas iuged.h®his
processing ch er_ 20 reached a predeterm ned tenperature, the
pm)(cess dé%@ﬁ%gfaadaﬁaw Rt S SRY0RDIR 209 ayetaes graiy digmeter of 4
Enxodi ment | 0f SSek e t @l . teri Vv
wer & heat e‘éﬁlt ghgevgﬁ%)g%antl %gsé}%? ?@%Bg%%u?e@%%gﬁ' ﬁetgitsrrent
was per f orenshsbdwhédt, antaflionof 10 ek (adkinass) weRNRadd by & kabwhQesirifaghlt he

treating tinme period at_ 90 m_nutes. . .
: casting method with formulatmg Fe, B, Nd, Dy, Co, Al, Pr at said composition

ratio and then once ground by a known hydrogen grinding process and
continuously pulverized by the jet milling process. Then a sintered magnet S
was obtained by sintering the pulverized powder under predetermined
conditions after having been magnetic field oriented and formed to a
predetermined configuration in a mold. The surface of the sintered magnet S
was finished as having the surface roughness of 20y m or less and then
washed by acetone.
C [0094]

Then a permanent magnet M was obtained using the vacuum vapor
processing apparatus 1 and the vacuum vapor processing method described
above. In this embodiment, 10 (ten) sintered magnets S are placed on the
bearing grid 21a in the box 2 equidistantly apart each other. In addition
bulky Dy of 93.9%degree of purity was used as the metal evaporating
material and the total weight of 1 g of the metal evaporating material was
placed on the bottom surface of the processing chamber 20.

[o095]

Then the pressure in the processing chamber 20 was set at 1X107 *Pa.
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[ 0096] Fig. 11 is a table showi ng average val ues of magnetic
properties of permanent magnets when the tenperature in the
processi ng chanber 20 was varied in a range of 850C 1200C toget her
wi th average val ues of sintered nmagnet when the vacuum vapor
processing was not carried out. According to this table it is found
that sufficient Dy atonms cannot be supplied to the surface of the
sintered magnet S at a tenperature |ower than 900C and thus the
coercive force i Hc cannot be effectively inproved. On the other hand,
t he maxi num energy product (BH) max, the remanent flux density Br, and
al so the e‘b@l’dﬂl@gemnel@émrelm%memmm@@%a@edmé@ﬁmdppl y

of the Dy at ogll_;at

surface of* STt %’P%Hr ﬁ%ﬁ?ﬁr@%?%%%’&gm Hmf‘f)d 055;%& gg%ushe

On the COIE]ﬁBthﬁmehi 5] thd Guftded Adlendt 9UNABAL HetdPIARY reéteﬂbﬂ’v wagnetic
properties having t he maxi num energy product (BH)max of nore than 50

M0e, t he heatrinémta fsubstantinly tsanBr tohperabwret Rhen]le® kBabmentt s

Condi 11 ondib- BB HIEY GHEA 8 WFRRE RETEEHIES 2 PO CoARA e BPaEResi ng

chanber 2QiMep&isELt 0 mdnkdgde of 900C-1150C. In this case since Tb
| ayer was not formed on the surface of sintered nagnet. [Enbodi nent
7] [0098] A80%6lsi ntered magnet of Nd-Fe-B family, a nenber having a

Fig. 11 is a table showing average values of magnetic properties of
permanent magnets when the temperature in the processing chamber 20 was
( varied in a range of 850°C~1200°C together with average values of sintered
magnet when the vacuum vapor processing was not carried out. According to
this table it is found that sufficient Dy atoms cannot be supplied to the
surface of the sintered magnet S at a temperature lower than 900°C and thus
the coercive force iHe cannot be effectively improved. On the other hand, the
maximum energy product (BH)max, the remanent flux density Bx, and also
the coercive force iHe were reduced because of excessive supply of the Dy
atoms at a temperature exceeding 1150°C. In this case the surface of the
sintered magnet was formed with Th layer.
[0097}

(,_ On the contrary, it is found that a permanent magnet of high magnetic
properties having the maximum energy product (BHDmax of more than 50
MGOe, the remanent flux density Br of more than 14.6 kG and the coercive
force iHe more than 21 kOe (or 30 kQOe according to conditions) could be
obtained when the temperature of the processing chamber 20 were set at a
range of 900°C~1150°C. In this case since Tb layer was not formed on the
surface of sintered magnet.

|Embodiment 7]
[0098)

As a sintered magnet of Nd-Fe-B family, a member having a
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conposition of 25 Nd-3 r1B-1 Co-0.2 Al1-0.1 Cu-bal. Fe was used and
machined to a rectangul ar parallelopiped of 2 X 20 X 40 mm In this
enbodi nent, an alloy of 0.05-'0.5 ramwas nmade by a known strip
casting nethod with fornulating Fe, B, Nd, Dy, Co, A, Cu at said
conposition ratio and then once ground by a known hydrogen grindi ng
process and continuously pul verized by the jet mlling process. Then
a sintered nmagnet S was obtained by sintering the pulverized powder
under predeternmined conditions after having been magnetic field

t ed df d d f t |d. Th
O face” o Cltmasii of & NALE I3 %ﬁﬁ;&%ﬂ i&ﬁ@ﬁ“@@bkﬁ%&a&&s"@mci
roughness gf,Rel 8 o hass.ARe Q&doi_% 2691008 0098 this

Then a pernmanent nagnet M was ob]% al ne si ng the vacuum vapor

processi ngembpdmmum,saﬂ adlngl of na)sma mmnvmmmaplbd@es slmbgnrmhbcrﬁstmg
descri bed above. otl hi s enb rrent 10% (one_ hundr ed) sintered
magnets S HeENgd %{Hb 0pAh G at prid ppmpesition ratio

equi di st an rt C e LN t i k¥ l;]%g gree
of purity %ﬂ% E}%’gxd Oélg@t Hreo(?ﬂr:rllvgaitgiJ evé%gggtl %ﬁ %b I'a n%ﬁ?%egs '?(?
wei ght of doxgumfoususrq)maded&maherjaxmmjngrpf@msarrhma dghhireRUimapndti®
bottom surface of the praqcessing chanber [ 0100] Then the

vacuum chaWgeérohfgiaednbe sintegingdthe Plll‘i@r%d p@&ie(rt Hédtﬁr @&Qﬁ@mmed he

processing, ﬁr@[@g ay@f a

means and the tenpera ulrg’ae‘én%%eﬁg %l}agh(gé%%?i\e%&c 32]3 y th
heati ng nmepredetrimdsedseinfighrSidnGn AheRl. &hb@hrfah@ of ﬂfér@!iﬁéi-é& ﬂagﬂettsw
progesm ng chamher 20 had reached 975C, the vacuum vapqr processing

er f or Wg#l fdshed. 2s pavingufhe. sumieae Tughnesseelk A0mm wadessernd then
W|th setti Sﬁeraaoa;éc% ng tenperature at 500C and the treating tine
period at tes 0101] Fig. 12 is a table show ng the
magneti c pr[(meell es of the permanent nmagnet obtained in accordance
wi th conditions described above at _aver agbe val ues. According to this
table it is foliah anpgrmengat matmat Mnfpsce twﬂn‘gemméhwmtmwe? gy

product (Bl DLy NECP o BB S aDSIBRSAGLL WK HENSIENB Of

14.3 kG or"nore € COercive rtorce mor €
kGe accor ditge! Ih £608einbo@ient CT00 @nd Budlicd) BRiersloNadRts 860 BliCedr ai N

diameter is 1-5 mor 7-20,a m
on the bearing grid 21a in the Mo box 2 equidistantly apart each other. In
addition bulky Dy of 99.9 % degree of purity was used as the metal
evaporating material and the total weight of 1 g of the metal evaporating
material was placed on the bottom surface of the processing chamber 20.
( [0100]

Then the vacuum chamber was once reduced to 1X 10~ *Pa (the
pressure in the processing chamber was 5X 10~ 3%Pa) with activating the
evacuating means and the temperature of the processing chamber 20 heated
by the heating means 3 was set at 975°C. Then after the temperature in the
processing chamber 20 had reached 975°C, the vacuum vapor processing was
performed for 1~72 hours. Then heat treatment was performed with setting
the treating temperature at 500°C and the treating time period at 90

minutes.
[0101]
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[ Embodi ment 8] 10102] ~ As a sintered magnet of Fe-B-Nd fam |y not
i ncluding Co, a nenber having a conposition of 28 Nd-1 B-0.05 Cu-0.05
Gil" Zr-bal. Fe was used. In this enbodi nent, an alloy of 0.05

nm 0.5 ram was nade by a known strip casting nmethod with fornul ating
Fe, B, Nd, Gu, Ga, Zr at said conposition ratio and then once ground
by a known hydrogen grindi ng process and continuously pul veri zed by
the jet mlling process. Then a sintered nagnet of a rectangul ar
paral | el opi ped of 3 X 20 x 40 mm was obtained by sintering the

pul veri zed powder under predeterm ned conditions after having been

magnetic fiel d..ori d d fornmed,to a predetern ne onfiguration
e a | Thang 17 8%t ﬁ{é°V§’inﬁ?té‘Fe‘Ba$Fgeé}‘ieﬁmge’35§§ i HE Hratenent
havi ng t hemsgidtashained dhnResrdehee? Rith/ cofifions Ef3 @bt %ﬁt&@ne}e%?%gl Py

acetone. [01031 _Then a pernmanent magnet M was obt ai g the
vacuum vapeiugs deerdinggtoaiiparatiedt & fonud thet & peumamerdpoagmet daeksi ng

thod desgribed above, In thi di , t i nt er ed t
S oo pl adbh BRIERE S roar et DR P AMED St mbr s areaanty
apart eacHnhst Aeisity! Br aflth Bilam opwhdey, g ofe 99 8vé’/@&g§ 8. of %@%qet% was

used as the netal evaporating material and tﬁe t ot wei ght o g of
the netal reegder 86 kg aracrdingsto cvaditpnatedldbe thiminedtwism therdvarszeof

the processjng,-chanber ., 2( 01Q4] Then the vacuum chanber was
once reducdd’ aTe%iﬁlP%‘t{”‘rPgQ]pr%%’éH}e in the processing chamber was

5 x 10 ' PaYmwHobiR&dtigjat i ng the evacuating neans and the tenperature
of the processing chanber 20 heated by the heating neans 3 was set at
900C. Thenl81@3r the tenperature in the processing chamber 20 had

“hed 900C, ,th i . erf Qp f 2-38
ot o at ever 5% RUFRERYSH of RBiNRdRRILY 5 b RERGRGo o g
Wi th settifagide® cbhBeditiod of Qggﬁfe-@tﬂlé.ea ith;e-éﬁ%aaﬂfi A L RE G Ned | TE

period at 90 mnutes and sea d for vacuum vapor processi ng
hour (ti nénithisewhbdimsntainaboe dfdsds magndtd em vogEemiaie by( o khbwnm

vacuum VapoL PG5S Sathol” With fhroobang Fe B NATCe, Ba, Zr at said
composition ratio and then once ground by a known hydrogen grinding
process and continuocusly pulverized by the jet milling process. Then a
sintered magnet of a rectangular parallelopiped of 3 X 20 X 40 mm was
obtained by sintering the pulverized powder under predetermined conditions
after having been magnetic field oriented and formed to a predetermined
configuration in a mold. The surface of the sintered magnet S was finished as
( having the surface roughness of 20 £ m or less and then washed by acetone.
{0108]

Then a permanent magnet M was obtained using the vacuum vapor
processing apparatus 1 and the vacuum vapor processing method described
above, In this embodiment, 10 (ten) sintered magnets S are placed on the
bearing grid 21a in the Mo box 2 equidistantly apart each other. In addition
bulky Dy of 99.9%degree of purity was used as the metal evaporating
material and the total weight of 1 g of the metal evaporating material was
placed on the bottom surface of the processing chamber 20.

[0104])

37



[ 0105] In Conparative Exanpl es 8a-8c, sintered magnets each

havi ng a conposition of 28 Nd-1 Co-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe
“(Conpar ative Exanple 8a), 28 Nd-4 Co-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal.
Fe (Conparative Exanple 8b), and 28 Nd-8 Co-1 B-0.05 Cu-0.05 Ga-0.1
Zr-bal. Fe (Conparative Exanple Sc) were used as a sintered nagnet of
Fe-B-Nd famly including Co. In these exanples, an alloy of 0.05

mMm 0.5 mm was nmade by a known strip casting nethod with formul ating
Fe, B, Nd, Co, Ot, G, Zr at said conposition ratio and then once
ground by a known hydrogen grindi ng process and conti nuous

pul veri zed by Thea jhe vasuym rghapthsecwes opee rwedussidnterley lﬁadr% (e a

rect angul l-] e ed Qf X ed, b

sinteri ng%tr %ée%%ﬁeﬁl vetlrhlgz cessm e%’%‘?zleé:r V‘rf)‘l?'ce)'5 eigl ﬁ%eﬁgﬁf‘ Ff%‘%sth&f ter
havi ng be@ﬂa@fﬁﬂﬂgtmaaﬁs @i@t}@ﬂemyee&ua@efﬁwmebsgﬁg%afn%%%m%d
configuration in a nold. The surface of the sintered nagnet S was

fini shed &% ﬁha\heﬁgngme@mra‘ wae setotigi9de STl 2ftergthiertewpetaduse fnihet hen

hed b t f th CO t Ex |
Br-8c. wos FESPARHESEAPER P bR Aerher SO T, Bud urdis Ty atr ot oHB8 M cunder
same condlpu@ﬂﬁe&&ortﬂma@w&rstakﬂ%vét}hpﬁbmate&alaflﬂeﬁ ﬁ@&m@-&n{e&w&@

opti mum vacuum vapor processing hour. [O Fig. 13 i1s a table
showi ng t m@rfémaefégeth/attm the ﬁme@mmuwe @p&00iCe snd fthe éremimgnt
magnet s obt ai ned ;&g Errbod t 8.a d arative Exanpl es 8a”"-8c
ae vl | ad et RPHAH HrPib PIRRES A, SRaTehed (8| D AYRCRUI BRRGE (AT cessing

properti e%oﬁ?f(ﬁfn% ﬁa@ﬁ'vm%'ﬁ%@[ﬁeq{esﬁjﬁﬁ%ﬁéﬁé %Qop(éi'%%d"@)&%ﬁﬁﬁﬁ cunm

i nention was perforned are also shown ' 1nt The
1006. hour szapmmmeeﬁsmdmurbressurlm ng test (Pressure Cooker Test:
PCT) was rrled out_ for tB) corrosion resistance test. 101071
Accor di ng %mPﬁag'WF anlefly 18), it is found that since the

per manent pg@agts the Conparative Exanples 8a Sc include Co,
generation of corrosion is not visible in the test despite of
performng thén \@mpmﬁapcﬁixqmpieseﬁiﬁﬁgc,odintdwd pnesetd eachy diavingna

| posl bl EomEoHEGE oh i et o B8 BB it Aebel B <¢%m'g$vaiveof
eSSBS O A QO ISBUNY 000 AL AL Ol
i ncr ease @xafpleofidenand n28 hEldéonPodi tB-0.05 Cu-0.05 Ga-0.1 Zr bal Fe
(Comparative Example 8c) were used as a sintered magnet of Fe-B-Nd family
including Co. In these examples, an alloy of 0.05 mm~0.5 mm was made by a
known strip casting method with formulating Fe, B, Nd, Co, Gu, Ga, Zr at
(ﬂ said composition ratio and then once ground by a known hydrogen grinding
process and confinuously pulverized by the jet milling process, Then a
sintered magnet of a rectangular parallelopiped of 3 X 20X 40 mm was
obtained by sintering the pulverized powder under predetermined conditions
after having been magnetic field oriented and formed to a predetermined
configuration in a mold. The surface of the sintered magnet S was finished as
having the surface roughness of 20 2z m or less and then washed by acetone,
Then permanent magnets of the Comparative Examples 8a~8c was obtained

by performing the processing described above under same conditions as those

of the Embodiment 8 and searched for the optimum vacuum vapor processing
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10108] On the contrary, in the pernmanent magnet of the
Enbodinent 8, it is found that no corrosion is not visible after the
test despite of including no Co and thus it has high corrosive
resi stance. Furthernore it is found that the permanent nagnet can
provi de high coercive force of average 18 kCe after a very short
vacuum vapor processing such as 2 hours. [Enbodi nent 9] [0109] As
a sintered magnet of Nd-Fe-B famly, a nenber nachined to a sheet
(20)< 40 Xi (thickness) mm) having a conposition of 20 Nd-5 Pr-3 Dy-1
B-1 Co-0.2_A1-0.1 Cu-bal. Fe and average grain diameter of 7 # in was
used. In BAFE enbodi ment, the surface of the sintered magnet S was
finished as[d@%’u ng the surface roughness of 20 g mor less and then
washed by acetonhe. 10110]

Fig. 13 is a table showing the average values of the magnetic properties

of permanent magnets obtained in the Embodiment 8 and Comparative
Examples 8a~8c as well as evaluation of the corrosion resistance. Magnetic
properties before the vacuum vapor processing of the present invention was
performed are also shown in the table (Fig. 13). The 100 hour saturated vapor
pressurizing test (Pressure Cooker Test: PCT) was carried out for the
corrosion resistance test.

C [0107]

According to this table (Fig. 18), it is found that since the permanent
magnets the Comparative Examples 8a~8c include Co, gemeration of
corrosion is not visible in the test despite of performing the vacuum vapor
processing of the present invention. However, although they have high
corrosion resistance, it is impossible to have a high coercive force when the
time interval of the vacuum vapor processing is short and the optimum vapor
processing time interval (hour) will be extended in accordance with increase
of Co content in the composition.

[0108]

( On the contrary, in the permanent magnet of the Embodiment 8, it is
found that no corrosion is not visible after the test despite of including no Co
and thus it has high corrosive resistance. Furthermore it is found that the
permanent magnet can provide high coercive force of average 18 kQe after a
very short vacuum vapor processing such as 2 hours.

[Embodiment 9}
[0109]

As a sintered magnet of Nd-Fe-B family, a member machined to a sheet
(20X 40X 1 (thickness) mm) having a composition of 20 Nd-5 Pr-3 Dy-1 B-1
Co-0.2 Al-0.1 Cu-bal. Fe and average grain diameter of 7pm was used. In
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Then a permanent nmagnet M was obt ai ned using the vacuum vapor
processing apparatus 1 and the vacuum vapor processing nethod

descri bed above. In this enbodinent, 10 (ten) sintered nagnets S was
pl aced on the bearing grid 2la in the Mo box 2 equidistantly apart
each other. The tenperature of the sintered magnet itself can be
varied by heating or cooling the bearing grid 2la. In addition Dy of
99. 9%degree of purity was used as the netal evaporating material V.
The netal evaporating material has a granular configuration of 2 nmO
and the total weight of 5 g of the netal evaporating material was

pl aced on tHicehbbditigns thé saEadf of thesiHtQE@ sdghet S RRITRAsHA asHatinkl
Then the vacuum chanmber was once reduced to 1 X 10 'Pa (the pressure

in the prodesyrisge ravghness old8 am xr lgs apd fhen washedthinasetong t he
evacuati ng @f‘ﬂ@ and the tenperature of the processing chanber 20
heat ed by theé ating neans 3 was set at predeterm ned tenperatures

(750, 800, 850rbed0R@ermbtentapast M 3 REaiBEQGRES N YARAE ':Vﬁgchmad
for 12 hours after the tenperature in the processihg chanber 20 had

reached a proerfsingranpaseius dnped she racuun® vapdr processitiggmethwdi deseriheslb| e
showi ng aver age;val.ues ,of,. magnet.i ropert.ies of rmanent ,magpets
whon ¢ he. oo ik SRRty 10 (fard eriiEted, Baggets R e diated i the

t enper at Ura@ingt BAdPZRC 88 SIRIMENBHPE fuidddaRid kY bl IR The

evaporating material 'V) with varying the tenperature of sintered
magnet . Acteoipgratgre ef thiisintergs magnetiitselfean detviaaied byHieghing oe codling

et 15 PORBRIPR EHAsCR frdtion DY o HTBREr e burine s steles
chapber i Smgﬁx@e%%]_ maferi 187 %Q‘ﬁ{etﬂaé%gpoﬂai:in%%@at%ﬁgpﬁésaé By the

sintered magnet i's hi gher than 1100C, not only the coercrve force
il k but tHenfiawiaiiomof 2engyd ard the tot41Breighbaf 5 gdftthe ncdakbevapntatinigux

per manent AGHE "3 PIACG oA SR SPODEAE L DRSS SRR .
energy proqgeiij(Bl1l) mex of nore than 48 MXe, the remanent fl ux
density Br of nore than 14 kG and the coercive force ilk nore than 21
rOe (or 27 kOSteoctredivaguumo cdomtieri was)oncouteduts obtbXKASd ‘da dtheange
of 800C A_plr%sos%:é iLEtrﬂgoggoggs%}nglgl}amber was 5X107%Pa) with activating the

evacunating means and the temperature of the processing chamber 20 heated

by the heating means 3 was set at predetermined temperatures (750, 800,

850, 900°C) and the vacuum vapor processing was performed for 12 hours

after the temperature in the processing chamber 20 had reached a

(_' predetermined temperature.
[o112]

Fig. 14 is a table showing average values of magnetic properties of
permanent magnets when the permanent magnet is obtained under the
predetermined temperature of the processing chamber 20 {accordingly the
metal evaporating material V) with varying the temperature of siniered
magnet. According to this table it is found that a high coercive force iHc
cannot be obtained if the temperature of the sintered magnet is lower than
800°C when the temperature in the processing chamber is 750~900T and

on the other hand, if the temperature of the sintered magnet is higher than
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[01131 As a sintered nagnet 6f Nd-Fe-B family, a nenmber having a
conposition of 25 Nd-2 Dy-1 B-1 Co-0.2 AI-0.05 Cu-0.1 Nb-0.1 Mpd-bal.
Fe was used and machined to a rectangul ar parallelopiped of 20 x 20 X
40 mm In this enbodi nent, an ingot was rmade by a known centri fugal
casting nethod with fornulating Fe, B, Nd, Ay, Co, A, Cu, Nb, M at
said conmposition ratio and then once ground by a known hydrogen
grindi ng process and continuously pulverized by the jet mlling
process. Then a sintered nmagnet S having average grain di aneter of
0.5 u m-25 g mwas obtained by sintering the pul verized powder under

pr edet er m nEEDCpmdt bhiynsheabiertivh Rico GHREAR TRIMBKIrCuh] e{qusogtmed
and fornmed, to, a predeterm ned configurationin a nold. The 2cont ent

of the siniBRaanand eewns@pp@nw&swdwedmdq@mhmcemm

magnet S f the .ace rou hness m

| ess and \tNﬁeﬁ f{)/vas(ﬁj‘;hg“cé r(t:rgat ﬁ?ﬁhg magﬁ‘? 50%? ?ﬁaﬁ%ﬁ{’g ﬁgegnet
M was obt aimagémbis %quwwt(MQ@ﬂrofnﬁ&eemhn@ APOE, 2fHdSreln Afeg: t he
vacuum vapor processi g nmet hod descri bed above. In thi's enbodi nent,

100 ,(one hilnydenyits Bnos moge ﬁh@]éﬁé@and hetasraive Gres o tnove thag 2t i d

2l Toyof SBOBfoT<0R Uhsitibe WewlpiBbE) kiR 550 of iy s0alT

and granul arjigptal evaporating material of 2 nmch of the total

wei ght of 5 g was placed on the bottom surface of the processing
chanber 20. Il?mhqchpaent 10l Then the vacuum chamber was once reduced to
1)< 10" aﬁo(lﬁig pressure in the processing chanber was 5 X 10 ' Pa)
with activa t he evacuating neans and the tenperature of the

proessing chambes 29tdieat schghyt tdre NIBRE-BNGaiBENS, Sméfier® Hauitly 475C.

Then after the tenperature in the processing chamber had rea
975C, the scupasthionagfd?s Nd@dewdiBrd Geed2 #d0f05 Ched. If Wb- OJI‘MMJalh&Hwas Then

e R e S ML T L ML LS LR ey LSRRG LSBT AL ©
embodiment, an ingot was made by a known centrifugal casting method with
formulating Fe, B, Nd, Dy, Co, Al, Cu, Nb, Mo at said ecomposition ratio and
then once ground by a known hydrogen grinding process and continuously
pulverized by the jet milling process. Then a sintered magnet S having
average grain diameter of 0.5 u m~25y m was obtained by sintering the
pulverized powder under predetermined conditions after having been
magnetic field oriented and formed to a predetermined configuration in a

( mold. The O ,content of the sintered magnet S was 50ppm. The surface of the
sintered magnet S was finished as having the surface roughness of 50 u m or
less and then washed by acetone.

[0114])

Then a permanent magnet M was obtained using the vacuum vapor
processing apparatus 1 and the vacuum vapor processing method described
above. In this embodiment, 100 (one hundred) sintered magnets S are placed
on the bearing grid 21a in the Mo box 2 equidistantly apart each other. In
addition an alloy of 50 Dy and 50 Th was used as the metal evaporating
material and granular metal evaporating material of 2 mm ¢ of the fotal
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Fig. 15 is a table showing the nmagnetic propertiés of the pernanent
magnet obtained in accordance with conditions described above at
average val Ues. According to this table it is found that ‘a pernmanent
magnet havi ng the maxi num energy product (BH)max of 51.5 M3Oe or

nore, the remanent flux density Br of 14.4 kG or nore, and the
coercive force iHc of 28 kOe or nore could be obtained when the
average grain dianeter is 1-5 p mor 7-20 m [Enbodi nent 11] [0117]
As a sintered magnet of Fe-B-Nd fam |y not including Co, a nenber
havi ng a conposition of 21 Nd-7 Pr-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe
was used. In. this.enbodinent, an alloy of 0.05 mm-0.5 nm was nade by
" Known. st PRETLEEE BTG RO IPE Rowam 26 Hfbe Erocessingebenbercl 71
Pr at said [gaggppsition ratio and then once ground by a known hydrogen
grindi ng process and continuously pulverized by the jet mlling
process. Then Bhegi thervedummgnbambér waseat@ngaduaed far 24 80 opPaehof 5

20 X 40 obt.ai ned b interi th I ' wd d
br edet er m SR RBrith PRORSXETRES HATRERG WSoh g BF] onfh GPRvEmE Mg

and f Or MeCha@udbinl R4S Al TRE tohPORAN R thDrdcbsefnd Dldhbel i BUtLACC

of the sintered nagnet S was ng t surface Toughness
of 20# m dby theshesding mbens Sasisadt by 9356t Then aftod #18] temperatth€ i ghe

per manent magnet wasg o i ned using the vacuum vapor processing
appar at us H?Og“ﬁau&g%aviléﬁ% Ac ithE YALRHB TaHeRRIOCERSHNEMes 6.
In this enhod pR t ' on,.t he
beari ng gri Zlaaitf?]r ti.ﬁ'g€Z I\%’%%? }%tn:%e%?ﬁ%ﬁ%ﬁ?%géﬁ?%‘gfcﬁ%&%@% I n
addi ti on bibkkirefingfteRPetatteegited0®T pudi the WRstivgedmaspéhicl weta

evagporating, material and the total weight of 1 g of the netal
evggor ati "4"W¥¢%rial was placed on the bottom surface of the

processi ng [glfﬂ;]ber 20.

Fig. 15 is a table showing the magnetic properties of the permanent
magnet obtained in accordance with conditions described above at average
values. According to this table it is found that. a permanent magnet' having
the maximum energy product (BH)max of 51.5 MGOe or more, the remanent
flux density Br of 14.4 kGG or more, and the coercive force iHce of 28 kOe or
more conld be obtained when the average grain diameter is 1~5 ;z m or 7~20
pm.

[Exbodiment 11]
( [0117]

As a sinfered magnet of Fe-B-Nd family not including Co, a member
having a composition of 21 Nd-7 Pr-1 B-0,05 Cu-0.05 Ga-0.1 Zr-bal. Fe was
used. In this embodiment, an alloy of 0.05 mm~0.5 mm was made by a
known strip casting method with formulating Fe, B, Nd, Gu, Ga, Zr, Pr at
said composition ratio and then once ground by a known hydrogen grinding
process and continuously pulverized by the jet milling process. Then a
sintered magnet of a rectangular parallelopiped of 5 X 20 X 40 mm was
obtained by sintering the pulverized powder under predetermined conditions

after having been magnetic field oriented and formed to a predetermined
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(0119] Then t he vacuum chanber was once reduced to 1 x 10 ' Pa
(tbe pressure in the processing chanber was 5X 10-3Pa) with
activating the evacuating neans and the tenperature of the processing
chanber 20 heated by the heating nmeans 3 was set at 950C. Then after
the tenperature in the processing chanber 20 had reached 950C, the
vacuum vapor processing was performed for 2-38 hours at every 2 hour
interval. Then heat treatnent was perforned with setting the treating
tenperature at 650C and the treating tine period at 2 hours and
searched for the vacuum vapor processing hour (time interval)

obt ai nabl e.gshr{IRANG! [ [ i ng
hour) . (Cocr:rpar at i venj%x%ﬁl&n%q?% S?%%%%f% Sm?%ﬁ%%ﬁ%ﬁ%ﬁ%ﬁ%s

|l a-11c, shaningthe srefpretrougiamhs bB20 nm o lessrudshbn emshéd Biladddonk. Pr - 1
Co-1 13-0. 1?8]_0'05 Ga-0.1 Zr-bat Fe (Conparative Exanple 1lla), 21
Nd-7 Pr-4 - ]3-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe (Conparative Exanple
11b), and 21 = I's, - < =0,

(Conparative &erzrlplgepe%?c e&%?ﬁﬁ‘?‘i&%@?ﬁ‘?%ﬁ@%@%% c%"FSIng B N
fam |y i nchrodéssingGappalratushke aed akavatwen vaposplooyssidg theOliod@asOribed mMm
was made by a kpo strjp.casting thod with fornmul ating Fe, B, Nd,
Co, Qu, GanbDZ?', P‘Pméte%%ﬂ%ﬂméﬁw&{t?nﬁsoWFe&?‘i aggis Aaregieedgmthd by
a known hy Gy badi CERSo i rl.zegd: t he
jet milli ngéagr ocegé[s.w% ﬁeghgﬁ@i nter gﬁﬂ%gén%i}n%&fgE?X%hgwgl\ré\gt}haar&%ﬁ
paral | el opbyiey Bf & 99.9% degdde pfnpuaity obhaieell aByilei Bicesli BeapoRtting

pul veri zed powd havi been

Bg:apgn er g,ﬁede,tern‘i ned conditions after n
magnet i ¢ fPak dosgl reishiplgl goofdhp meetat @Yﬁﬁ%@%ﬂ&:m@ﬁ?l‘yﬁr‘m& on

in@ nold. . i finished as
havi(ng theplggﬁogg%gﬁ%ﬁaﬁjnsess 8? E%ee%ﬁghesgﬁgﬁgé%ﬁgn ‘t hen washed by

acet one. TH®a1gler manent nmagnets of the ‘Conparative Exanples Ilar-11c

was obt ai ned %?perform' ng the p{;ocessi ng descripbed above under same
condi tions as th8s &% VALRERERRYRPSTe RS nongs qresaasd: ke dl <ot0 T hRa dthe num

vacuum vape <0 GG SHNBrdd@iting [Adabér was 5x 1072Pa) with activating the

evacuating means and the temperature of the processing chamber 20 heated

by the heating means 3 was set at 950°C. Then after the temperature in the

processing chamber 20 had reached 950°C, the vacuum vapor processing was

performed for 2~38 hours at every 2 hour interval. Then heat treatment was

performed with seiting the treating temperature at 650°C and the treating

time period at 2 hours and searched for the vacuuwm vapor processing hour
( (time interval) obtainable best magnetic properties (optimum vacuum vapor

processing hour).

(Comparative Example 11)

{0120}

In Comparative Examples 1la~1lec, sintered magnets each having a
composition of 21 Nd-7 Prl Col B-0.05 Cu0.05 Ga-0.1 Zrbal. Fe
(Comparative Example 11a), 21 Nd-7 Pr-4 Co-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal.
Fe (Comparative Example 11b), and 21 Nd-7 Pr-8 Co-1 B-0.05 Cu-0.05 Ga-0.1
Zr-bal. Fe (Comparative Example 11c) were used as a sintered magnet of
Fe-B-Nd family including Co. In these examples, an alloy of 0.05 mm~0.5
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Fig. 16 is a table showi ng the average val ues of the magnetic .
properties of perpanent magnets obtained in the Enbodi nent 11 and
Conparative Exanples Ha 11c as well as evaluation of the corrosion
resi stance. Magnetic properties before the vacuum vapor processing of
t he present invention was perfornmed are also shown in the table (Fig.
16). The saturated vapor pressurizing test (Pressure Cooker Test:
PCT) was carried out as the corrosion resistance test for a
predeterm ned period of time. [0122] According to this table

(Fig. 16), 1 Jd t | nce th er manent. nets.t

Conpar at | vé:kl %x%%%#%gg%fa- X 1|£ %eru%ac-? ,m%gﬂ@émn%ﬁmﬁﬁ%hf%ﬁ’%d’i s
not vi si bl &, G, Ba, Z6Fr 4261l doeopokitidarh b Bnd GhéNEndAEHENA KRR Rhown
processi ng of the present invention. However, although they have high

corrosi on r¥dregenrgrindipg nracaspRyds tantinuonslyamdverizedgby ¢che jeti wellibgr ce

e on e a KghY ( .
the ot B Oehs THeH oiflerkd ol BEHAR HBR R Pl SET RO e SaP B0 RRNAEG |
accor dance nivntRad BEtaBREELP Bintoris® e PhiveRzdd Bo® MPRSAdr PBdetelRikRd]

|

On the contrary, in the permanent nagnet of the Enbodinment 11, it
f ound t hat cprdisiony gftesnhpwingobeen pdsnetiaf fiddd otienteédsandichpned tof a

i ncl udi ng no and thus.it has.high rosi ye resj st.ance
Fur t hor mor SP et Eied M BRb il s I e ipkien of The R masot 51
coercive f effefipkhal ok ABRiLd the kEaaf &@\Igh%eys[egf'l ‘223 Gh torViRES' WK ViR

processing such as 4 hours. [Enbodi nent 12]
washed by acetone. Then permanent magnets of the Comparative Examples

S

(, 1la~11c was obtained by performing the processing described above under
same conditions as those of the Embodiment 11 and searched for the
optimum vacuum vapor processing hour.

[0121])

Fig. 16 is a table showing the average values of the magnetic properties
of permanent magnets obtained in the Embodiment 11 and Comparative
Examples 1la~ 1lc as well as evaluation of the corrosion resistance.
Magnetic properties before the vacuum vapor processing of the present
invention was performed are also shown in the table (Fig. 16). The saturated
vapor pressurizing test (Pressure Cooker Test: PCT) was carried out as the

( corrosion resistance test for a predetermined period of time.

[0122]

According to this table (Fig. 16), it is found that since the permanent
magnets the Comparative Examples 1la~1lc include Co, generation of
corrosion is not visible in the test despite of performing the vacuum’ vapor
processing of the present invention. However, although they have high
corrosion resistance, it is impossible to have a high coercive force when the
time interval of the vacuum vapor processing is short and the optimum vapor
processing time interval (hour) will be extended in accordance with increase

of Co content in the composition.
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As a sintered nmagnet of Nd-Fe-B fam |y, a nenber having a conposition
of 20 Nd-7 Pr-1 B-1-0.2 M0.05 Ga-0.1 Zr-0.1 Sn-bal. Fe was used and
machi ned to a rectangul ar parallel opi ped of 20 X 20x 40 mm In this
enbodi ment, an ingot was nade by a known centrifugal casting nethod
with formulating Fe, B, Nd, Pr, A, Ga, Zr, Su at said conposition
rati o and then once ground by a known hydrogen grindi ng process and
continuously pulverized by the jet mlling process. Then a sintered
magnet S having average grain dianeter of 5 gmwas obtai ned by
sintering 18 ul veri zed powder under predeterm ned conditions after
havi ng bee f&@netic field oriented and forned to a predeterm ned
configurationg hqry f i t e
made one of vvkcljlﬂ(-:}tk?ldgﬁt hat’%ﬁ?i?%%’?ﬁ’%@?ﬁy?%SF%%%%&} igﬁ% er
si nt eri ng f¢8uhiliad nd)cormodion henat vieibld sftdrtat thalespiteot inelulinte @ Bour s

in. f,.40QC; 700Caf t interi le 2). Th f f
{hose SaaPESHHBAE Y A eToRTa s ien uoeTace ¥ougnisthasthes |
mor | €55 captlabbniBREsh biouARALR Eoort 04851 ot e LR PYAELARE

magnet M was obtai ned using t uum vapor proce app us 1
and t he vaemushoviypmoupr vapes provgssimg hindl adeskedurbed above. In this
enbodi nent , 100, (one_hundred) sintered magnets S are placed on the
beari ng grpgl T%lm?el‘i‘ttlﬂg Mo box 2 equidistantly apart each other. In
addi tion D(0ﬁ4 99. 9%legree of purity was used as the netal
evaporating material V. The netal evaporating nmaterial has a

granul ar conf Agunatinteredf nfagiet 06f AMFeMe HhoilR AehehbeO hadfn® £f the
megal evapor ati ng terial_was {)I aced on the bottom surface of the
pr oces i

si n§ORASHE 0ix) NGB B-1-0.2 Ar05 Bad- Y ZeQdrSwhalnBe wagasednce

" reduced t : t [ ppf@§ i cha r.was 5 X
10- 3Pa) V\Ag{l %%%1?3%{?%(5 t ‘éﬁp‘[ﬁ%{iﬁaﬁg Ohle}’gﬁsg an ,%%g‘ot%ﬂgﬁa@lﬁe of
t he pr ocesmbodingdnsdreingdOwhe aiaid Byya kv eaithifgpaleadttn SmbRvd SAth at
900C. Then after the teﬁ;ger ature in the 1Pr ocessi ng chanber 20 had
@&

reached afQrudaing FpnBdNdeRpetlaar ér Smat seid composipon rpiioend sheny was
f d oo T { t . f d with tti
B eat  ndn® el 1, o RE0wERabbRE il WipBes R Ratphdidf g "

time peri pdlvatizél hguthe. jek ObBBhg process. Then a sintered magunet S having

average grain diameter of 5z m was obtained by sintering the pulverized

powder under predetermingd conditions after having been magnetic field

oriented and formed to a predetermined configuration in a mold. Two samples

of the sintered magnets were made one of which is that obtained with being
( rapidly cooled after sintering (Sample 1) and the other is that heat treated for

2 hours in a range of 400°C~T700Cafter sintering (Sample 2). The surfaces of

these samples were finished as having the surface roughness of 20 . m ox less

and then washed by acetone.

[0125]

Then a permanent magnet M was obtained using the vacuum vapor
processing apparatus 1 and the vacuum vapor processing method described
above. In this embodiment, 100 (one hundred) sintered magnets S are placed
on the bearing grid 21a in the Mo box 2 equidistantly apaxt each other. In
addition. Dy of 998.9%degree of purity was used as the metal evaporating
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Fig. 17 is a table show ng average val ues of magnetic properties of
per mmnent magnets when & he pernmanent nmagnet is obtained with the
tenperature of heat treatnent after the vacuum vapor processing being
varied in a range of 400G -700C. In the Sanple 1 not heat - treated
after sintering, the coercive force M was small (5.2 kOe) and it was
| npossi ble to obtain a permanent nmagnet having a high coercive force
i1k even though the Sanple 1 was heat treated after the vacuum vapor
processing. On the contrary, in the Sanple 2 heat - treated after

sintering, phitekigl VORI meRAlevhioriffe RIS lﬁastfg#@%?c%éﬂé%g@m@fg?5

per manent nmagnet having a | arge CoBr Ve Torce

kCe accor dinmg ¢ andothdi totalnsdighd ef120 eofShwpinet:? evaporating mafefianned
after the vacuum vapor processing. although its coercive force ilk is
smal | (12. 171%@)3115@? g?féoﬁlw&rf@aw&hwmﬁ%s ehambker®). [ Enbodi nent 18]
[0128] foigp)si ntered magnet of Nd-Fe-B famly, it was used a
menber having a conposition of 21 Nd-7 Pr-1 B-0.2 Al1-0.05 (a-0.1
Zr-0.1 Mo-bal. Thenathe vimunawhaader gvad encd asthed &f 11010~ rmAanghe
nmachined to a rectangul ar parallel opi ped of 20 x 20 X 40 nm [0129]
Then a per PEPRSHYS Whdhe (PINFeRBINEoMambes Ve PRgle heba) awithmaliyptipg the
processi ng acuym. v r _Rrocessi t

fesor bed ShanBube Hods i IatoUBEMELRNRG HROAERRE ohitmEEr 28 Begped
magnets S ayehphestfg aleanb e waosdtng WG] Thba dffertthe tdapHAsur in the
equidistantly apart each other. In addition of 99. 9%legree of
purity wasPuereesing ¢haanhest 80 hadperchefing maedefermiined tampenstyng) the

L T R S
t he bott omwadrpatameld with HRAEL S tRAtBONTERApedBture at a predetermined
value and the treating time period at 2 hours.
[0127]

Fig. 17 is a table showing average values of magnetic properties of
permanent magnets when the permanent magnet is obtained with the
temperature of heat treatment affer the vacuum wvapor processing being
varied in a range of 400°C~700%C. In the Sample 1 not heat - treated after
sintering, the coercive force iHe was small (5.2 kQOe) and it was impossible to
obtain a permanent magnet having a high coercive force itlc even though the

(_- Sample 1 was heat treated after the vacuum vapor processing. On the
contrary, in the Sample 2 heat - treated after sintering, it is found that it
was possible to manufacture a permanent magnet having a large coercive
force 1He (18 kOe) (26.5 kOe according to conditions) when the Sample 2 was
heat - treated after the vacuum vapor processing although its coercive foree
iHe is small (2.1 kQe) before the vacuum vapor processing.

[Embodiment 18]
[0128]
As a sintered magnet of Nd-Fe-B family, it was used a member having a

composttion of 21 Nd-7 Pr-1 B-0.2 Al-0.05 Ga-0.1 Zr-0.1 Mo-bal. Fe and the
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10130] Then the vacuum chanber was once reduced to a

predet erni ned degree of vacuum (the pressure in the processing
chamber becane” substantially higher than the vacuum by hall-digit)
with activating the evacuating neans and the tenperature of the
processi ng chanber 20 heated by the heating neans 3 was set at 900C.
Then after the tenperature in the processing chanber 20 had reached
900C, the vacuum vapor processing was perfornmed for 6 hours. Then
heat treatment was performed with setting a treatnent tenperature at
550C and the treating tine period at 2 hours. [0131] Fig. 18 is a
t abl e showhvegage egraije diameser off dﬁgmanl engr aphiteds tof aperctanguiar

magnet s whe er. Is obtained with the pressure in
t he vacuun?%ﬁ;fhﬁglgﬁ)eﬂn?gggkka%n by adj usting the opening of the
evacuating fpabyp and an anount of Ar introduction into the vacuum
chanber. According to this table (Fig. 18), it is found that a

per manent magrEserhawerganhet meagnetl M oresr @gta.meddlmng (tm-l)nammfv@&: 1

M3Ce or nore, the remanent. fl density Br of 14.8 kG or and
t he .coer ci ROCHSFEARTRAFAHE Eéﬂﬁ%@e SFCWBPé’aE%PWC%@I%FﬁdeR ibed he

Fgﬁgg i” € i fhdvBeIn/ AR4 LALEHRIERE 100Mnb BukdRR) Shtd B3 SnadnciPE dbd Blbed 4]

on the bearing grid 21a in the Mo box 2 equidistantly apart each other. In
addition Dy of 99.9%degree of purity was used as the metal evaporating
material V. The metal evaporating material has a granular configuration of
(\ 10 mm ¢ and the total weight of 20 g of the metal evaporating material was
placed on the bottom surface of the processing chamber 20.
[0130]

Then the vacuum chamber was once reduced to a predetermined degree
of vacuum (the pressure in the processing chamber became substantially
higher than the vacuum by half-digit) with activating the evacuating means
and the temperature of the processing chamber 20 heated by the heating
means 3 was set at 900°C. Then after the temperature in the processing
chamber 20 had reached 800°C, the vacuum vapor processing was performed
for 6 hours. Then heat treatment was performed with setting a treatment

( ‘ temperature at 560°C and the treating time period at 2 hours.
[0131]

Fig. 18 is a table showing average values of magnetic properties of
permanent magnets when the permanent magnet is obtained with the
pressure in the vacuum chamber 11 being varied by adjusting the opening of
the evacuating valve and an amount of Ar infroduction into the vacuum
chamber. According to this table (Fig, 18), it is found that a permanent
magnet baving the mazimum energy product (BH)max of 53.1 MGOe or more,
the remanent flux density Br of 14.8 kG or more, and the coercive force iHe of

18 kQe or more could be obtained when the pressure in the vacaum chamber
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As a sintered magnet of Nd-Fe-B famly, it was used a nenber having a
conposition of 20 Nd-5 Pr-3 Dy-1 B-1 Co-0.1 A1-0.03 Ga-bal. Fe and
the average grain dianmeter of 0.5 25 ju mand nmachined to a
rectangul ar parall el opi ped of 20 X 20 X 40 mm The surface of the
sintered magnet S was finished as having the surface roughness of
20/2 mor less and then washed by acetone. [0133] Then a

per manent nmagnet M was obt ai ned usi ng the vacuum vapor processing
apparatus (not shown) separately provided with a evaporating chamnber
comuni cating w.th {he processi ng chanber 20 via a comunicating
passage and! BnbtA&Fe®ati ng neans heating the evaporating chamber and
t he vacuum : i ng nethod descri bed above. In this
enbodinent,M%%B%?g% gg?gtered magnets S are placed on the bearing
grid 21a i nffaiB2] Mo box 2 equidistantly apart each other. In addition
Dy of 99.9%legree of purity was_used as the netal evaporating

material V. Thas gsinieredvnginesof Ng-FaiBdamdy, ihwas asef amgnber having a

configuratj . <t Beotat al oWei-ght , of,. of .t me

evapor at i négo(&%ot%{éﬂﬂ;m \%gzﬂgﬁagga @%alt ﬁzfg%m%rﬁlsq]]& g;bagbzg“f li‘Lt%h%”‘& %e
evapor at i ngverhgaizesinh ditiniiges AF€0.5 615 Quk D mathiddde tdta RedtargulhP134]
Then the vacuum chanber was once reduced to 1 X 10Pa (the pressure in

t he proceskiralelopiveBef 28RO v ftheasurfage oif 4 sintevad rhagned S win)
ith ti | h ) t] . t ith tti
the 't onper AHaPE br SRR g shll L RO no o T R EEBRGRRY chet patfd ' "

t enper at urigy fdetsdent ered nmagnet) heated by the heating nmeans 3 at a
pr egdet er mi ned tenperature (750, 800, 900, 1000, 1100, 1150C), and
setting theloﬁia,&ber ature of the evaporated chanber at a predeterm ned

2bove was. per TR RAREROEn BEHED NS SHES RS RoFTR PRt e HED PRESDy
passage. T o e bR e o e
t enper at urchaatbeg 0 GOwaRRhicting r sath nghe i peocpssingd chambermi B0t eda a
communicating passage and another heating means heating the evaporating
chamber and the vacuum vapor processing method described above, In this
embodiment, 10 (ten) sintered magnets S are placed on the bearing grid 21a
in the Mo box 2 equidistantly apart each other. In addition Dy of 95.9%degree
of purity was used as the metal evaporating material V. The metal
evaporating material has a granular configuration of 1mm ¢ and the total
C weight of 10 g of the metal evaporating material was placed on the bottom
surface of the evaporating chamber having same configuration of the Mo box
2.
[0134]

Then the vacuum chamber was once reduced to 1X10~* Pa (the
pressure in the processing chamber and the evaporating chamber was 1X10™
8Pa) with activating the evacuating means. Dy was evaporated with setting
the temperature of the processing chamber 20 (accordingly the temperature
qf sintered magnet) beated by the heating means 3 at a predetermined
temperature (750, 800, 900, 1000, 1100, 1150°C), and setting the temperature
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[ 0135] Fig. 19 is a table show ng average val ues of magnetic
properties of permanent magnets when the permanent nagnet is obtained
under the predeterm ned tenperature of the processing chanber 20
(accordingly the sintered magnet) with varying the heating
tenperature of the evaporating chanber. According to this table (Fig.
19) it is found that a permanent nagnet havi ng the maxi num ener gy
product (BlI-1)max of 47.8 M3Ce or nore, the remanent flux density Br
of 14 kG or nore, and the coercive force ilk of 15.9 kGCe or nore (or
27 kCe according to conditions) could be obtained if Dy is
evapor at ed, by heating the evaporating chanber at 800C-4200C when the

Lo e 3 the (dEpdtiliciintlor MBOL Blorbfbrkihed. LRIEL. 80360 RS

[Brief Description o aw n I's a
expl anat or yegiiegymephng Ehropocseinti deacriifed tdbever waspadoimdip@iRl these

manuf actured i.n accoyrdance wt he present. invention; Fig. 2is
a schenat i 8??/4@%50?'3{‘@1' %ﬁgﬁbé'@é‘gg? o &f pigterpbmagiati ng
the process g tH@E&l@ﬂuﬁicaﬁﬂg?Qé’sﬁéé Mheh MéSFHrbOent was E}'eﬁonéed with
schemati c exp| anat or%’lxaw ew of a cross-section of a péernmanent nagnet

manuf act ur S8 % eghaeniclemperahuze pf PYFC and: the treating time period at

90minutes.
[0135]

Fig. 19 is a table showing average values of magnetic properties of
. permanent magnets when the permanent magnet is obtained under the
( predetermined temperature of the processing chamber 20 (accordingly the
sintered magnet) with varying the heating temperature of the evaporating
chambexr. According to this table (Fig. 19 it is found that a permanent
magnet having the maximum energy product (8H)max of 47.8 MGOs or more,
the remanent flux density Br of 14 kG or more, and the coercive force iHe of
15.9 kOe or more (or 27 kQe according to conditions) could be obtained if Dy
is evaporated by heating the evaporating chamber at 800°C~1200°C when

the temperature of the sintered magnet is in a range of 800°C~1100C.
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Fig. 4 (a) is an explanatory view showi ng defects on the surface of
sintered magnet caused by machining, and Fig. 4 (b) is an explanatory
vi ew show ng a surface condition of sintered magnet manufactured in
accordance with the present invention; Figs. 5 (a), (b) and (c)
are phot ographs each showi ng an. enlarged surface of a pernanent
magnet manufactured in accordance with the present invention;

Fig. 6 is a table showi ng the nagnetic properties of a permnent
magnet manufactured in accordance with Enbodinment 1 of' the present

i nvention; Fig. 7 is a table show ng the magnetic properties of a
per mmnent magnet manufactured in accordance with Enbodi ment 2 of the
present invention; Fig. 8 is a table showing the nagnetic
properties of a permanent magnet manufactured in accordance wth
Enbodi nent 3 of the present invention; Fig. 9 is a table show ng
the magnetic properties of a permanent nagnet manufactured in
accordance w th Enbodi ment 4 of the present invention; Fig. 10 is
a table show ng the magnetic properties of a permanent magnet

manuf actured in accordance with Enbodi nrent 5 of the present

i nventi on;

[

[Brief Description of Drawings]
[0151]
. Iig. 1 is a schematic explanatory view of a cross-section of the
permanent magnet manufactured in accordance with the present invention;
Fig. 2 is a schematic view of the vacuum processing apparatus for
pexforming the processing method of the present invention;
Fig. 3 is a schematic explanatory view of a cross-section of & permanent

magnet manufactured in accordance with a prior art;
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Fig. 11 is a table showing the nagnetic properties of a permanent
magnet manufactured in accordance wth Enbodi nrent 6 of the present

I nventi on; Fig. 12 is a table showi ng the magnetic properties of
a pernmanent nagnet manufactured in accordance with Enbodi ment 7 of
the present invention; Fig. 13 is a table showi ng the magnetic
properties of a permanent nmagnet manufactured in accordance with

Enbodi nent 8 of the present invention; Fig. 14-is a table show ng
the magnetic properties of a permanent nagnet manufactured in
accordance wi th Enbodi ment 9 of the present invention; Fig. 15 is

a table showi ng the magnetic properties of a permanent nagnet
manuf act ur ed i Kigack &diEnae ewlahaibrb gitwrelmwit® defectshen phe serfhce of

vent1 o s kbl Bk IE PR TTFRELDBLERE e O
t he presentshowingnd swice condition of sintered magnet manufactured in accordance
with the present invention:

Figs. 5 (a), (b} and (c) are photographs each showing an enlarged surface
of a permanenf magnet manufactured in accordance with the present
invention;

Fig. 6 is a table showing the magnetic properties of a permanent
magnet manufactured in accordance with Embodiment 1 of the present

( invention;

Fig. 7 is a table showing the magnetic properties of a permanent
magnet manufactured in accordance with Embediment 2 of the present
invention;

Fig. 8 is a fable showing the magnetic properties of a permanent
magnet manufactured in accordance with Embodiment 3 of the present
invention;

Fig. 9 is a fable showing the magnetic properties of a permanent
magnet manufactured in accordance with Embodiment 4 of the present
invention;

(' Fig. 10 is a table showing the magnetic properties of a permanent
magnet manufactured in accordance with Embodiment 5 of the present
invention;

Fig. 11 is a table showing the magnetic properties of a permanent
magnet manufactured in accordance with Embodiment 6 of the present
invention;

Fig. 12 is a table showing the magnetic properties of a permanent
magnet manufactured in accordance with Embodiment 7 of the present
invention;

Fig. 13 is a table showing the maguetic properties of a permanent
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Fig. 17 is a table showing the nmagnetic properties of a pernﬁnent
magnet manufactured in accordance with Enbodi nent 12 of the present

I nventi on; Fig. 18 is a table showi ng the magnetic properties of
a pernmanent nmagnet manufactured in accordance with Enbodi nent 13 of
t he present invention; Fig. 19 is a table show ng the magnetic

properties of a permanent magnet manufactured in accordance with
Enbodi nent 14 of the p resent invention; [Description of Reference
nuneral s and Characters] (0152) 1lvacuum vapor processing apparatus 12
vacuum chanber 2processi ng chanber

magnel, manufactured in accordance with Embodiment 8 of the present
invention;-

Fig. 14 is a table showing the magnetic properties of a permanent
magnet manufactured in mccordance with Embodiment 9 of the present
invention;

Fig. 15 is a table showing the magnetic properties of a permanent
magnef manufactured in accordance with Embodiment 10 of the present
invention;

Fig. 16 is a table showing the magnetic propertics of a permanent
magnet manufactured in accordance with Embodiment 11 of the present
invention;

Fig. 17 is a table showing the magnetic properties of a permanent
magnet manufactured in accordance with Embodiment 12 of the present
invention;

Fig. 18 is a table showing the magnetic properties of a permanent
magnet mapufectured in accordence with Embodiment 13 of the present
invention;

Fig. 10 is a table showing the magmetic properties of a permanent
magnet manufactured in accordance with Embodiment 14 of the present

inventions
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3heati ng nmeans sintered magnet M pernmanent nagnet V netal evaporating
material WHAT IS CLAIMED I S: Ad. Method of manufacturing a
per manent nmagnet conprising steps of heating a sintered magnet of
Fe-B-rare earth elenments famly arranged in a prooessing chanber to a
predeterm ned tenperature and evaporating netal evaporating materi al
including at | east one of Dy and Tb arranged in said processing
chanber or anot her processing chanber; depositing evaporated netal
atons onto a surface of the sintered magnet with controlling a
suppl yi ng anmount of the nmetal atomns; and diffusing the deposited
metal atons ibéo c%rgai n Pﬁ#ndary phases of the sintered nmagnet in a
manner free frORTFBFARCE iferspeemerglsand fharagters] met al  evapor at i ng
material on tigiseyrface of the sintered magnet 2. Method for
manuf acturi ng a permanent nmagnet of claim 1l wherein said processing
chanber is heatled t vacuunevaper proneseingrapparatirge of 800C- 1050C under a
vacuum condi ti a3 V\hggct}ugle hsi ri)t ered magnet of Fe-B-rare

cnamber

2 processing chamber

heating means
sintered magnet

permanent magnet

< 2 W w

metal evaporating material

N
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- earth elenents famly and the netal evaporating material having a
primary-1: coni ponent of Dy are arranged in the progressing chanber-

: 3. Method for nmanufacturing a permanent nagnet of claim1l
wher ei n sai d processi ng chanber is heated to a tenperature in a range
of .900t-1150C under a vacuum condi ti on when the sintered magnet of
Fe-B-rare earth elenents famly and the netal evaporating materi al
havi ng a primary conponent of Tb axe arranged in the processing
chanber . 4. Method for manufacturing a permanent magnet of claim
1 conprising steps of arranging the sintered nagnet of Fe-B-rare
earth elements famly in the 'processing chanber and. heating the
si ntered magn®HADISHCLAMBPABuUre in a range of 800C-1100t; heating
and evaporating-the nmetal evaporating

1. Method of manufacturing a permanent magnet comprising steps of

heating a sintered magnet of Fe-B-rare earth clements family arranged in a
. processing chamber to a predstermined temperature and evaporating metal .

evaporating material including at least one of Dy and Tb amranged in said
pro.cessing chamber or another processing chamber; depositing evaporated metal
atoms onto a surface of the sintered magnet with controlling a supplying amount
of the metal atoms; and ;iift‘using the deposited metal atoms into grain boundary
phases of the sinfered magt-let in a manner free from formation of a thin film of the

mefal evaporating maierial on the surface of the sinfered magnet.

2. Method for manufacturing a permanent magnet of claim 1 wherei:q.
said processing chamber iz heated to a temperature in a range of 800°C~.
1060°C under a vacuum condition when the sintered magnet of Fe-B-rare
earth eléments fam:]y and the metal evaporating raterial hawng a prm:axy =

- -

component of Dy are arra.nge& in the progessing. chamber.-

3 Method for manufacturing a permanent magnet of claim 1 wherein
said processing chamber is heated to a iemperature in a range of 800C~
1150°C under a vacunm condition when the sintered magnet of Fe-B-raxe
earth elements family and the metfal evaporating material having a primary

. component of Tb are arranged in the processing chambex.

4. Method for manufacturing a pexrmanent magret of claim 1 comprising
gtepa of arranging the sintered magnet of Fe-B-rare earth elements family in
the processing chamber and heating the sintered magnet fo a temperaiure in
a renge of 800°C~1100C; hesting and evaporating the metfal evaporating
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material including at | east one of Dy and Tb arranged in said
processi ng chaMoer or another processing chanber; and supplying and
depositing the 'evaporated netal atons onto the surface of the

si ntered magnet. 5. Method for nmanufacturing a permanent magnet
of claim1l1l or 4 'conprising steps of arranging the sintered nagnet of
Fe-B-rare earth ielenents famly in the processing chanber; heating
and evaporating the netal evaporating material including at |east one
of Dy and Thb arranged in said processi ng chanber or anot her

processi ng chanber to a tenperature in a range of 800t -1200C after
heati ng and holding the sintered nagnet to a predeterm ned
tennmerature; and supplying and . depgsiti t he evaporated netal atons
onto the sur’?%&@alo’f“&fg gs%r??%erdté’&e r?ggﬁ'e‘indqﬂ’ arranged Jpusad grocessing

raanuf act ur ichgmbBer @ £t tr6REME citinhaR Yn@ REpfiHing| R Bpbsitingopaher ei n
the sintered matgneqiI agaiﬁt he ms\t&!e evaporating naterial are arranged
apart from SXEIPHeRBCIRIAEAMS ohEe the Sudace f tha sistaredimasadie net al
evaporating material are arranged in the sane processing chanber.

7. Method for manufacturing a permanent magnet of any one of clainms 1
wherein a ratio%oMethed foprpgnndasiyringea peapansnt magnsie obiblaiay dpor 4t i ng
materi al to, ) Ugd a68m f. S] e 1 rranged in
t he processicﬁgﬁﬁlg%ba%?ﬁi Esdf set ?i%ggthrgasﬁgtgleegf JB%Z%S% @%e it 8.
Met hod for gtementec familynip shepprosemivgtchambertbegingand evapooitingl hems 1

G annet bR A AT S, R AR LETR, LR o

mat eri al ar seidgectessing dhembeooensthegpmbesibe chatmbet frea rapersaag inlecr ease

oot o Mg @R0BHN 0R0® sk bl PLa HARRE Hha BB Shelts 07" @
predetermined temperature; and supplying and depositing the evaporated

metal atoms onto the surface of the sintered magnet. -

6. Method for manufacturing a permanent raagnet of any one of claims 1
~§ wherein the sintered magnet and the metal evaporating material arve
arranged apart from each other when the sintered magmet and the metal

evaporating material are arranged in the same processing chamber.

7. Method for manufacturing a permanent magnet of any one of claims 1
( . ~8 wherein a ratio of the total surface arvea of the metal evaporating material
“to the fotal surface area of the sintered magnet arranged in the processing
chamber is set in & range of 1 X 1074~2x 103, '

. 8. Method for manufacturing a permanent magnet of any one of ¢claims 1
~7 wherein the supplying amount of the metal atoms iz controlled by
changing the specific surface area of the metal evaporating material arremged
in the processing chamber to increase and decrease the amount of

evaporation of the metal evaporating material under a constant femperature.
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9. Method for manufacturing a permanent nagnet of any one of clains 1
8 wherein the pressure in the processing chanber is kept at a
predeterm ned reduced. pressure before heating of the processing
chanber containing the sintered nagnet. 10. Met hod for

manuf acturing a permanent magnet of claim9 wherein the tenperature
In the processing chanber is kept at a predeterm ned tenperature
after reducing the pressure in the proceis chanber to a predeterm ned
pressure. 11. Method for manufacturing a permanent magnet of
any one of clains 1-10 wherein the.surface of the sintered magnet is
cl eaned with using plasma before heating of the processi ng chanber
containing the gi r magnet . . 12, t ho or manpfactyring a
per manent magne?‘lgtfa ﬁgorﬁaglugﬁchanﬁerﬂefygﬂ?ﬁegiogaWe%°?I%’His nt of
t he sint er ed~ragrieteins thee phoswed imttha peesdanat chambboVier kdphast o d
tenperature after diffusing the ne ons | rai n, boundary
phases of tl?é'eésﬁ%?ﬂ?eejdr%ﬁﬁ ressure }’%‘l."rﬁetaﬁﬂﬁ &%ﬁe g‘ﬁ‘ﬁﬁfﬁ’é‘gt F‘ﬁnﬁ?j a

per manent naghkinind thakmnione npfened ai s 1- 12 wherein the sintered

magnet has an average dianeter of grain of lg mmor 7y m20 jim
14. Method for raanufaCturing a permanent nagnet of any one of clains

1- 13 wherein t hgoahed &F BRI wIRes pdelenGAth@inE: HQain 9 wherdla: A
per manent magnet con%s_l ng a skitered magnet of Fe-B-rare earth

el enent s ff %8¢ tomMBSATHFENGS Eret Doaessing chombery it keof fhet aredajerpingdt i ng

temperature affer reducing the pressure in the process chamber to =

predetermined pressure.

-~

11. Method for manufacturing a permanent magnet of any one of claims
1~10 wherein the surface of the sintered magnet is cleaned with using
plasma before heating of the processing chamber containing the sintered

magnet,

12. Method for mannfacturing a permanent magnet of any one of claims
1~11 wherein heat irestment of the sintered magnet is performed at a
texaperature Jower than said temperature after diffusing the metal atoms
"into grain boundayy phases of the sintered magnet.

13. Method for manufacturing a permanent magnet of any one of cleims
1~12 wherein the sintered magnet has an average diameter of grainof 1um

~5pumorT7ym~20m.

14, Method for manufacturing a permanent magnet of any one of claims
1~18 wherein the sintered magnet does not contain Co.

15. A permanent magnet comprising a sintered magnet of Fe«B-rare

earth. elements family and manufactured by evaporating metsl evaporating
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mat erial including at | east one of Dy and Tb, depositing evaporated

nmetal atons onto a surface of the sintered magnet with
suppl yi ng anount of the netal atons; and diffusing the
nmetal atons into grain boundary phases of the sintered
manner free fromformation of a thin filmof the netal

material on the surface of the sintered nagnet. 16.

magnet of claim 16 wherein the sintered magnet .has an

di aneter of grain of 1 p. ra®*~5 p In or 7 ft ne-20 111.
per mmnent magnet of claim 15 or 16 wherein the sintered magnet

not contai n Co.

controlling a
deposi ted
magnet in a
evapor ati ng
A per manent
aver age

17. A

material including at least one of Dy and Tb, depositing evaporated metal atorns

onto a surface of the sintered magnet with controlling a supplying amount of the

metal atomas; and diffusing the deposited metal atoms into grain boundary phases

of the sintered magnet in a manner free from formation of a thin film of the metal

evaporating material on the snrface of the sintered magnet.

16. A permanent magnet of claim 16 wherein the sintered magnet-has

an average diameter of grain of Lpm~5pmor 7o m~20 pm.

.does not contain Co.
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17. A permanent magnet of claim 15 or 16 wherein the sintered magnet

does

!
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