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

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

| nvention] [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 net ., [ Descriptjon of Background Art 10002] The
sintered e%ffl[)‘?%‘mﬁéltg é%@% o-cal | ed neodym um nagnet)
conpri ses } Aty d.B which are che abundant ,and
const ant | yi%‘gt?'gpfna Ifél%g%@éﬂfag%%?%%ﬁa%e& W&R@g?t&iﬂé’& %Fa'ﬁ'dl ow

cost and agiddgronal |y has high magnetic properties (its nmaxi num
energy product is about 10 tines that of ferritic nagnet).

Accor di ngl YFidié ofihetlewentiompnet of Nd-Fe-B fanily has been used in
various Kki E& @fd articles such as electronic instrunents and in
regently a é@ in motors and el ectric generators for hybrid cars.

[0003] 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 info
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 been 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
v magﬁet 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 etc.) or strains in grains of the sintered magnet which are

sometimes caused when the sintered magnet is machined to a desired



On the other hand, since the Curie tenperature of the sintered nmagnet
of Nd-Fe-B famly is |ow (about 300C), there is a problemthe
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 nmagnetic properties wuld be
extrenely deteriorated by defects (e.g. cracks etc.) or strains in
grains of the sintered nagnet which are sonetinmes caused when the

si ntered emdietration switdble ésk 4 particd@si x@ikle.confi guration suitable for
a parti culnar aa'ti cle. [0004] For solving these problens nentioned
above, it i%0&hown to inprove or recover the magnetizing properties

and coercive force.by..,arranging rare,.earth. el enents sel ect.ed from Yb,
B o | o igR ! ofteE SRl SER R, BnGieait Fo R R b B BRPTSOh

si htered f = o ] i Srffld; b
heati ng t%ggﬁtggs%%e%%h%r%@e{%ﬁ%%ﬂ?%ga%hg& gég or at eggﬁg?%%s oﬁt hg

rare eartdélesleaw®etleciedt £oinh¥bsithi anddSHBHN et proesskihg chigbedivdddesiang
the attached atons into the grain boundary phases of the sintered
magnet i ncamddiden maingladoyathe ausinfered tmegnrteot 8- Fe® familnt evspordting ar e
earth elenents into a surface of, the sintered magnet and the grain
boundary ’fﬂ’f&sggﬂgPﬁ]teﬁ?ﬁn%mﬁﬁqp %tHISH%SG%ICgW ef’oéﬁﬁ?hm the s
al so kno BY. f r . .

magnet i cméak;ﬁﬂs%’g%tre op%;a%\g 0}1?5 hg|r§%€§0n %F g%?ltcgtmlgcﬁectﬁl%a%ﬁ tc?? Klg atér?lgt’aand

negati ve furehandiffusiigothesatthélasd ot Mio ahe graiSbe@it are FHasad by the
i rrg'r ove the grain magnetic ani sotropy of principal phase. However
si‘ace Dy intered magneldnfozdey trahpmogenaoyslyuntioduch desingd amopnt of the

orientation ne iye to that of in, the crystal lattice,of the.
pri nci pal raﬁﬁa%%?ﬁt meRise k?é’fu’%ﬁ“gr‘i’étt?‘& fiptargd mageataind the (qrain
maxi mum ep&r t it i perties is
extrenely reguc%@ﬁﬁ%}gﬁﬁﬂt@iﬁ%ﬁﬁ&%@?& lé;e(%@‘f'{gnI)geneousI y

i ntroduce [odadi red amount of Dy and Th especially into the grain

boundary phases in accordance with the nethod nentioned above.
Pat ent DocuneHtisialgo kapaneihat 1Ry andpbn oPshe marergattheeleinents\bave the

[2%62(73%58%%5&? ﬁ@gﬁ%;i&%ﬁ: ‘;’)fo%f 3&3&18%1' l?agéeri a%l %llxegzs 0% Rﬁ ggtfi)a negative
Stevens factor similarly to 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 thereof)

[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



[ Problens to be solved by the Invention] [0006] However as it is a
fact that there exist Dy and Tbh on the surface of sintered nmagnet
manuf actured by the nmethod of the prior art nentioned above (i.e. as
there are formed thin filnms of Dy or Tb the surface of sintered
magnet), there would be caused a problemthat netal atons deposited
on the surface of sintered nagnet recrystallize thereon and thus
extrenely deteriorate the surface of the sintered nagnet (i.e.
deteriorate the surface roughness). In the nethod of the prior art in
whi ch t he SHHPEed HagRek| eturpg) hyhthes mathpd i idgnerion st mentinged i n

a m ngl ed ktiQn, it Is inevi,tabl e of mat i of thin.filns. or
proj ect i oﬁg’ggeg tlt glsshélfea%lee %’Fmgfl@g} @fnf‘r&gﬁé’t ors';['ﬁgcge PHF%C%QJ' pigtered
el ements Rl R4, YHEARBoI8 Hel dAGs at | ialihar e
directly deposited on the surfgceag‘?ggskgﬁ{%aggﬂén%gﬁgﬁg%%ﬂg%& o the
Si m | ar | y sthefattdeoff cimmtéd nmatnehi rectyistaibizef thyreamdaid oug hextramdlace
of sintered nmagnet and Th will be deposittg_d on the surface of

si ntered %&ra%ﬁhgéuﬁﬁ?q Y the siggemde magngt therdderiordn thecanficee

metal ato re s l.i ed th urface of si.ntered magne nd the
mol ting. popnetaesdt TRihE mmfthol BB sfhe ef i s LRGP ROCE iRt
of Dy andahl {#BdiRee HaBHbYald/adBfgdLi%RRRtRbRRitidle iPH heRakE e
melted and then excessively enter into the grains near the surface of
si ntered wohdmmatioiserf thyn filchsTdr projesing enytlenswfadendfosihtered maadiset
since they, as described above, take a ferrimagnetjsmstructure
having a §HISR e @arth plementsanelied dyringaheatingef the mpetak eyaparpting

| aftice of the pringci has It uld be afraid,that the

et 2 I RaR A R0l ARG bh B R RSB bl e

i nproved ofog@dovered. 10008) That is, when thin filns of Dy or
Tb are once fornmed on the surface of sintered nmagnet, the average
conposi ti on ofSimierlgunfthedomhatien efl thimgfilets afiDgcant Th ont fhe durfaefdfl ns
will be rare earth elenent-rjch cqonposition, and the |iquid phase

t enper at uFERred Magnebway eandiid Walisba Hepesiteaer the sirfacerelgsinteyrdt
i1l b | t ed t he. f f.sint t b t.h
CHICR IR b b

and an supplied on the surface of sintered magnet, and the melting point near the

surface is lowered due to increase of amount of Dy and Tbh 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 Tb excessively
enter into the grains, since they, as described above, take a ferrimagnetism

C 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 (.e. the principal phase is melted and an



predet erm ned tenperature and evaporating netal evaporating material
including at | east one of Dy and Tb arranged in said processing
chanber or another processing chanber; depositing evaporated netal
atons onto a surface of the sintered magnet with controlling a

suppl yi ng anount of the nmetal atomns; and diffusing the deposited
nmetal atons into grain boundary phases of the sintered nagnet before
formation of thin filmof the netal evaporating material on the
surface of the sintered magnet. [0012] According to the present
i nvent i opredvizpminede demperdtusd airl ienapardiing atethle asfip@acingf agerdsid Tb
are suppl.ied onto the surface of sintered magnet heated to a

pr edet er ARHAMEAH 828t ore chAly wedddi amangebinerid moeessinawharmberi arce

th i nt t i.s_hegat L. t t whi ch t]
i Tt ust naoar e PpgeskiRe BRtsRbel cadhobiitie neifratl ftabya i Rt a
suppl i ed sRRfRe ldTEhe WihiReEd HhagheR iR ColBBNAle hSopPRine! dftlnt! HeryEet al

atons deposited on-the surface can be diffused in"ordéer into grain
boundar y métasd edoms; aheé dffusieg aihe ndeposited efatnk atomsrititioogradd bohadddyi n
film That is, tr};ﬁ supply._ of Dy and Tb onto the surface of sintered
magnet armtha@a@ ofithe fpteaed magnetshefprer Eamatipreef thimofilmeofgthe metal

boundary ph . ar erformed theou si pngl e process. Thus
deteriorf&?@ﬁle%*ngt %e&ﬂ’lfogc e(sgﬂ{af%ggﬂﬂeosﬁ]gtﬁﬁ%@%ag&?épernanent magnet

can be pr¢penepd and especially excessive diffusion of Dy and Th into
grains near the surface of sintered nagnet can be suppressed. [0013]
Accordi ngl y tAreosling &z thecredent mvenfion, ke aperated artalmgmstinelsding at
sybstantially sang _as that before the process has been performed and
t hus any leatiserfehD%erdi Ry ase cippdied ontethe cyiriaceqo!l sinteredi mpgpet

Dy/ Tb-ri e es. 1 ncl udi n apd _Th .J ran of. 5% 80%
are generapBtt B2 gHRRERTd et ReRury B8 o hitel BRI Dup bR
i nto graigindeothdsihterbl a8fmet AS HeRfed &SH tEmBbratib e Bt Whikls aBQpEikh@ t 0
obtain a pernmanent magnet of high nagnetic properties of which the
magnet i zidiffupmgpeldcitysaaie dvamed\emd the rapeowertef Dypand & sappliet onter ed.

In additi gn i f, defects (c¢racks)  have l% en generated in grains near
the surf 4be syrfage t apteye t 3RF9TEP fﬁdoElEes@ieF?é abpms Hepasitedendide

roonet e PR A U8 L IR AR o e Vil
magnet before formation of the thin film. That is, the supply of Dy and Th
onto the surface of sintered magnet and the diffusion of the sintered magnet
into the grain boundary phases are performed through single process. Thus
deterioration of the surface (surface roughness) of permanent magnet can be

( 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 M%-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



In the present invention it is preferable that the processi ng chanber
is heated to a tenperature in a range of 800C-1050C under a vacuum
condi tion when the sintered nmagnet of Fe-B-rare earth elenents famly
and the netal evaporating material having a prinmary conponent of Dy
are arranged in the processing chanber. The setting of the
tenperature in a range of 800t-1050C enables to suppress both the
vapor pressure of the nmetal evaporating material and the supplying
anount of the netal atons onto the surface of sintered magnet and
addi t i ondérice arkeingpnoved ed reagveredi o hdditésh G defettanfreackts)havprisent i ng
the diffusing velocity. Accordingly .ato deposited on the, surface
of si ntergﬁﬁe\%é 3 SEaihs pear the sudace; lﬂtﬂﬁmgﬁyrwﬁm%ﬁw fnt o

t he grai ry. e Y fore.they . for t hin
formof B SaleRemRRasyPh-SRERES ARINThe fsRlce ol ] fhas
t enper at ghe mapretieing 1epsaiddindneReve foscd @MEke tdeaier8Q0t, the vapor

pressure cannot reach a |l evel which can supply Dy atons onto the
surface of0Qi4k ered magnet so that Dy can be diffused and

honbgeneousl netrated into the grajn houndary phases. In addition
Che d 11 us: nindER aer et Srvanyon this Taglseatls chsbiha Postimeaper s

sintered i I r eSq} d he
o1 L e HEBARE o |1 bl AR BOABGETY PSS b0 BoLhate S vefuphe
i s i ncr easeditdndvhén Shd¥indb@dEmbBn MAGOFe-BE 106 RESIHCc IR R neX EABTY ey
supplied onto the surface of sintered magnet. In addition it Is

afrai d t hh¢ DptaloeMapobating orstwiriad| havdng faiqetnary eompanast afidgiaree

t ie magneti zi n roperties in grai,ns e extremely reduced if Dy is

excessi vFTARERH s P PRYGSEIR, Shemlate THAXIHRE sy losmRRratireaHl At he
r emanent ety f gggﬁ% 0 e er

hand it Fzslh %(g gpabl elﬁl(g(t: t %am%g{:e |n(g“:|is gé%nﬁgv?%orh%r%@% t%be;}llQ

t enper at wigtal Rvapdrafigg @bt Grld $RE sUpBing aRet NBf bR dinb i) ateian
the sintered magnet of Fe-B-rare earth elenents famly and the netal

evapor at iontp bea ewifate ¢lasinteyed magnedrandcadditineally ofie Fintered magneigied in
t he prociés%ndg chanmber. Sim | arlgtgltlo %he. fects .descr] bed, .above,
this mak@§2Fd R SstoPReraREte PRInging t P8 Yacibh 44cerdipgla
sintered e i ff h u r { e
grain bodi %%? y&e hgfs%%(gog lﬂg?gstl%?aga %%gg%geﬁ#ggfggé ?‘%)ﬁir:infﬂt\1 ecptahlﬁn
film of Hontugehbeushprieaeera@éd sindd ettRd gimign bunifgt pHased oif pimGRdi S
generated in the grain boundary phase, and that Tb is diffused only
into a raeeagnethefore they fgmzadendgrngroéi)wnm@ suinface ef silntenefl mykdneh. i t

i S possi bk@ iﬁvobt ain a permanent nmagnet of high magnetic properties
havi ng ef Q ely inproved or recovered nmagneti zing properties and

coercive for o I (O 3 i i
cpanter 1 | F ke Pt ir) fhe' OCLETRELAE: I 1oh? ERTRR W

i ch canapopplrysstibe 2hAndt fdtch 4 Hevel UwhiBecaf sapplyeDehibRgnGitoShet hat
Tb can be diffused and honpbgeneously penetrated into the grain

boundar y sphfasesf sGrferdte maghet shahatiDy cae beediftsed nd bemegeteonslzoc,
t he vapor pr e of, Tb i.s .i ncr,eased and.thys.,Tbh ato i.n vaport
at rros phe PEDSFATR L the BT SRR REGP S haddisiopatbe ugin By

Magnet . of Dy atoms deposited on the surface of sintered magnet into the grain

of

boundary phases is decreased. On the other hand if the temperature exceeds
1050°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 product and the



[ 0018] Also in the present invention, it nmay be possible that
the nethod for manufacturing a permanent nagnet conprises steps of
arrangi ng the sintered nagnet of Fe-B-rare earth elenents famly in
t he processing chanber and heating the sintered nagnet to a
tenperature in a range of 800C 1100C, heating and evaporating the
nmetal evaporating material including at |east one of Dy and Tb
arranged in said processing chanber or another processing chanber;
and suppl ying and depositing the evaporated nmetal atonms onto the
surface otfemheaesiicdadityegedurththiredieeabl es to increase the

di ffusing ﬁﬁg%ﬁity and to efficiently diffuse in order Dy and Tb
deposi ted ¥ie surface of the sintered magnet into the grain

boundar has f sintered. magnet. .[ 0019 If. the t erature of
Dhan oY Pa® D th R T REb spteahakthe progesting PARDUHLACHER
film of i i hec-oi &R e e .
sinter edn%?ng?ﬂ g?ﬁ%?eaﬂgiapﬁ}gengé 32?700ci %y suf |(%:eir}e%tsdﬁ'[cgﬁgll f udégognd

honogeneoudion thenthtetdéd magnatdf Fo-B-rire @irth Blchunie fntilpasiethef metal
sintered magnet. On the other hand if the tenperature exceeds 1100C,

Dy and Theep@atingmeatgrial heving & hrimanyiremponant phTh pine serasfgediinitthe ed
magnet. This is after .all_same.condjti as,that Ln . which Dy and Tb
are addedPHFge b ’Ef"gd%i%ﬂgb? eﬁtﬁ‘g‘#m"eqf’“%ﬁ‘?j bRy this jmakes ik g
t hat the t ngt.i i i t e . j r

pr oduct eg{jﬁ%ﬂtg i%&%ﬁ%@%&éﬁ fﬁzérg&rs %m‘:e)&elﬁbtYl |O{e1% Q\A%Jtt}%/cg %gmg%i%erre é{& ¢
reduced. A{fizRH and homdeéaiuslyn péetriedsiend the\eeain Beunddryplyades of

pogsi bl e that method for manufacturing a pernmanent magnet conprises

steps of sintaredi magnpe before cthes foamméhe shurdilm & oar the en tof
famly in the processi arher ; heating and.evaporatin he t al
evapo?/ati ﬁ]&tﬁ’@ﬁe@?%ﬂe iﬂ%tﬁﬂﬂ'ﬁgh phagelsgen etg]m g Bg%q[lq,xg( i n

said proc i age;c N t: i :

Ferper at urad e T, B0 B5 R RONRIE REREL dFhrfins, A the
sintered pagietf which ipiepedstileito@btdit mopsratdiietit raaches WIMiyh Rihgagtlc
depositing the evaporated netal atons onto the surface of the

si nter ed peapeetics baving effectivebniprayed ai recevarhd megrdtizivg poopartioy
material can be hegted and evaporated in the range of 800C-1200C, the
met al at oABSSPEIERY AR Th can be supplied onto the surface of sintered

magnet [0017]

If the temperature in the processing chamber is lower than 900°C, the

vapor pressure cannot 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 Th is increased and thus
Tb 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 heating the sintered magnet to a temperature in a range of

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



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

excessi velnclydimg dteldagnore 0hBy sadf Tb ercdngedrinesadd pregesing chiansherr tori s
afraid that the thin filmof_the tal .evaporatjng nmaterial woul d_be
formed on2Ppthed progessing champer: and,gupplying @@@ﬁeposﬂmgﬁthen%apggated

possi bl e ' apor ating mat eri al
e ar anguy =L i b he ulRADGl o Gdelh R AL: MPPRANLDth R
prevent mghd Wﬁ@beb&?ﬁ%hﬁtﬂortﬁiﬁ&&hﬁfﬂﬁffuéd BbRRr MOy dhi ey H¥patitegk
to the sintered nmagnet en the netal evaporating material is
evapor at edn {l@0g®iface of the sbrtderd taaghiet fintke théd @raimt hbumedeayoplasen pf
material into the grain boundary phases before the thin filmof Dy
and Tb i sS¥GFIRBE Gt he surface of sintered magnet, it is preferable
that a ratg&gﬁj the total surface area of the netal evaporating
material t g total surface area of the sintered magnet arranged in

the processingf eh@id@petatusebf ithe JinteRde nfendd s 10wél tRar 800°C,[R084]
It may be possible that the supplying amount of the netal atons is
controll edfl‘ayd dhahgheghimdilepef midtel susparatingr matexialt tseforsted! on the

anfl decr cAUUP0hE! HAATRY IR ARFecR AURLSRE THCHE SRR Ry and
e A SR O AR SR gkl PRERL Y BBt
of sinter athggNOh thet &t hahdnidithe teMperature exceeds 1100°C, Dy and Th
enter into grains which is the principal phase of sintered magnet. This is

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

obtaining the sintered magnet and thus it is afraid that the st;'ength 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 Tb 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 gsurface of

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

material can be heated and evaporated in the range of 800°C~1200°C, the

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



structure of the apparatus e.g. providing separate parts in the
processi ng 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. [0026] In

t hi s casein properd@antibepinaabedddve wichthalamir presdure gashairtimei st ur e
adsorbed o thi surface of sintered nmagnet, it is preferable that the
t enper at ur Al he processing chanber is kept at a predeternined
tenmperature a edu0| ress | rocess, chanmber

pr edet er mi nedflfps%%%?lg or © me %Vraé’gfapﬁ‘I?)gprn%%F@l 45 gefvae t H‘m
on’the sughgws At vaipbt %E‘é‘é%u?@gﬁﬁﬁotbx%fa@ﬁ% f&vePRtickO e Su 1§fﬂa%e;ﬂetar11t 0
the grain boundary phaSes, it is preferable that the surtace of

sintered shgnewf Dy ahddbechtoithh susfacg oflsastoredoniaghet btealﬁambyca‘ndt'ﬁb
pr ocessi ng chanber, containjng the sintered magnet. [0028]

pref er abl €2k kg dailaged; pad: hernegasreously nemﬁtéate m&g salpebmmdm at
Stom | nt Brares DEchhdEPs” e BE B Eribrne i ARG TReRl oo
oo o e 08 T
f or ce. atoms in vapor atmosphere are excessively supplied onto the surface of
( sintered magnet. Thus it is afraid that the thin film of the metal evaporating
material would be formed on the surface of sintered magnet.
[0022]

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.

[0023]
In order to diffuse the metal evaporating material into the grain
boundary phases before the thin film of Dy and Tb is 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 X107 *~2X 10°.
[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



[ 0029] It is preferable that the sintered nagnet has an average
di aneter of grain of 1 g m-5g mor 7 g m-20 g m If the average
dianeter of grainis larger than 7 # m since the spinning force of
the grains during generation of the magnetic field is increased, the
degree of orientation is inproved and additionally the surface area
of grain boundary phases is reduced, it is possible to efficiently
diffuse Dy and Tb deposited on the surface of sintered magnet and
thus to obtain a permanent magnet having a remarkably high coercive
force. [O8BOjcture ofi thet Apparatusmge. diraviding separgtenipartssin sheygrocebsing 25
At m the yate in the grain b dary. of .grains .including djifferent
grain ori 8&?’5‘?’?52"% @C&F}%@%W%eﬂwaw Yios fagewd ¢ Dy and
orientatigp:d &e%ﬂcie%f@ih?%eﬁ@%a%&t? he result of which the maxi num
ener gy product, renmanent ux density and the coercive force are
reduced. 0o@2i other hand if the average diameter of grainis

smaller than 5 Li m the rate of single domain grains is increased
and as the redularder toremieve 998 igamemt meiginet adawbad arethe isugface of
coercive force., If the.ayerage di ter of.grain. s,.smaller th 1 Li
m since FW&e{ﬁdaH?gBSm&ﬁqfﬁaﬁ%c s AT Idlqﬁ%?%dmﬁl theageain by Tb
cannot bepgtLicient Lyedbffuardsr1003% i t

t he sint ePeé négnet]‘!)%oes r?ot g%rnt g‘%%l%omec%mﬁg%m gir?lélglé%reggbili%tt#gé
neodym unppaiptetmiokdtieduped presdute befops cherbingCoft s pitefing Rbafbenet .
In the present invention, the nmetal atons of Dy and Tb deposited on
t he surfaeetginispibesiagenedgnegnedan be efficiently diffused during

di (f usi ng r[?%%@ast one of Dy and Th. This is because of absence of

i nt'er net al onpound including Co in the grain boundary of the
sintered nmagnef .thisNcaddit iLP 'ﬁﬁfm / A S L g
extrenely hi gEﬁcorsr%%ig’on re‘gblrstt%la ce %Jggtrﬁ%%ﬁép?gaﬁ’o#%é# (li)]lgo isture
resi st ancada&sbednmaritdd wikfacd\dbfi sinta@edechdgnst,dg o slefeabk tkiatacks)
generated in grain-near_the surface of sintered nagnet during process
of the sitRIBPeftHregriat thet prepepynei Bhamber olst Zieat aaper narastetermigedt

havi ng ex rerrerlsaifgstr ng COJ rosi Qtﬂergl%sstance a{]ed p%c%%gpcearn'aﬁer to a

cor r osi on"7eEf c&ret reducing Sure 1n
predetermined 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 1pm~5um or 7um~20u m. If the average diameter of grain is
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100321 For achi eving the second object nmentioned above, there is
provi ded, according to the present invention of clainml5, a pernmanent
magnet conprising a sintered magnet of Fe-B-rare earth el enents

fam |y and manufactured by evaporating netal evaporating nmaterial

i ncluding at | east one of Dy and Th, depositing evaporated netal
atonms onto a surface of the sintered magnet with controlling a
suppl yi ng anount of the netal atons; and diffusing the deposited

nmet al atorIB into grain boun%gry phases, of the sintered nmagnet before
f or mat i on 'B¥SEUHOATST 4 B, Sincerfae FRLRnIng Joise oh the gratas durimg gmerstion of

f f,the sink 0033 this. I
or et or abi b pRp2bRA ERY B BiShase. e ldceree of BbplatishCRruproypd e
of 1 it mAAditional® thé dRrdfeekdrea™f &%ﬁ%oundar%rtgmse@' ﬁ%&f&&r ablee
that the sintered magnet does not contain Co. fects of the

| nvent i on]pos8bd5to efficiently diffsse DyeandAbvaeposited watthedsufrface of sintered
manuf acturing a @t nent ﬂagnet of the present, invention can
a8

ef fi ci ent |pag@ngts tARN janpermaneny rapgnetdiarang v frsaarkably bigbut

deterioratjng.the surface of the sintered magnet of Nd-Fe-B famly

and effectively Inprove and recover the magnetizing properties and
coercive fqoogg] These effects, in conbination with other effects that
the supply of Dy and Tb onto the surface of sintered magnet and the
di ffusion of Hride average dmngetar of lgpaindyr larpémtlem 2an methperdterimetheby
si ngl e process. as Il as that h&ps;g%equent wor Kij ng process i s not
requi red, L& bRHR SRRY IR uepsgtienmti FFHDPrRgLatten 1s extremely

pr %SUC'[ i Viihé’rea%?d %ggi(%& 08 oP Sﬁ%%ﬂ)tgf lga(getr%g%i?%te ng P%sgaﬁank?sg t of

i nvention can al'so a superior effe I provi
magneti ¢ RiefREMthe 88adithR ehbF S ErodQtt, 38naRehe Bus ldRASRY ahBahb P&/l OF

carrying out the Invention]

force are reduced. On the other hand if the average diameter of grain is
smaller than 5y 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

becomes 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
Q 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 Tb. 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
defacts (cracks) generated in grain near the surface of sintered magnet during
process of the sintered magnet, it is possible to obtain a permanent magnet

having extremely strong corrosion resistance and atmospheric corrosion

resistance,

11



[ 0036] Wth reference to Figs. 1 and 2, a permanent magnet M of
the present invention can be manufactured by simultaneously
performng a series of processes (vacuum vapor processing) of
evaporating netal evaporating material V including at | east one of Dy
and Tb onto a surface of a sintered magnet S of Nd-Fe-B famly

machi ned as having a predeterm ned configuration, depositing the
evaporated netal atons onto the surface of sintered magnet S, and

di f fusi ng and honogeneously penetrating the netal atons into grain
boundary @888k of the sintered magnet S. [0037] The sintered
magnet S as starting material of Nd-Fe-B fam |y has been manufactured
as fol | owi ng ¥8r achiaving thet rrsend Tohiect mentipped japoue thereis mewised,
having a thickness aof 0.05mm 0.5 nmis uf act ured by t he, known
strip casatcf’%lgdi%%t ﬁooath\‘l?/i PRSI MERMRG ﬁg‘,i a@“ﬁﬁ%} R Dﬁr%g{mﬁ%d@@g}l?ﬁ ned
CONposi tic@mhpriving! 4 OYntRERCHBAY NG Fe@fﬂé”@é&h%le@f@ﬁtgaﬁn?% and
manuf actured by the known centrifugal casting nethod. A sna anount
of, Cu, ZmabyfacimedAly evapGeatiny niveah dombriting e ategial ingdudihe at least
formul ati on. Then the manufactured aléﬁg‘;\; menber is once ground by the

known hy®sgehDyrans it hgdenasiting extrpratrdhmstal\atemseentpya swefageof the |
pul veri zin rocess. . [ 0038 . _The_sintered t menti oned abpve
can be ﬁﬁ%ﬁ%‘é@ﬁ%&‘%b‘ﬁ‘oﬁ“ﬁ?&%& YP8 ﬁﬁ’togﬁgfﬁieomﬁp% %F’eﬁl%o ned
conf i gur afiFABinEUEke QﬁpasiE&Ptr@étQP'e&BmBa{xﬁb' 81001 MR By %Ha)é!e%rlﬁefhé na
mold with using magnetic field orientation” It nmay be possible to
further ismresed mhenetabefere dopnaten tofeshinhfilm peff the maekal herapaeititg
v@or processing on the sintered nagnet if the sintered magnet S has
been heatmteaiplen thy spefase of thesintered magpet-a predet er mi ned peri od

(e.g. two Bagé ) under a predeterm ned tenperature (400C 700C) after
t he si nterll ng process. [0039]

In this case it is preferable that the sintered magnet has an average
diameter of grainof 1 xm~5um or 7 x m~20 u m.
[0034]
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 productivity. 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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It is preferable to optim ze conditions in each manufacturing step of
the sintered magnet S so that the average grain dianmeter has a range
of 111 nmt-5 inor 7it m |If the average dianeter of grain is

| arger than 7/i m since the spinning force of the grains during
generation of the magnetic field is increased, the degree of
orientation is inproved and additionally the surface area of grain
boundary phases is reduced, it is possible to efficiently diffuse at

| east one o (ﬁ? and Tb and thus to obtain a permanent nagnet M having
a renarkablb) 6éh coercive force. If the average dianeter of grain is

| arger than 25 he rate in th rai n _boundary of .grains

i ncl udi ng di ffg@'télhgéfa‘%eﬁcﬁ 0 Hlgd g FrP%‘Hh“&Pgiﬂﬁgg"&té‘gto?éﬁ%Pﬁesent
increased aR@ntids &80LECmAhulict&Rbhaby Wdmhs ' thi i
result of whi (lzlh1 t he naxi?rlumuener gy p*oduc?t,agrsg‘?rsg%g‘{le?ro ';ltﬁggleﬁgfl%%%gnd
t he coer ci peocksses e (mceume duperl. pfodeebing) of @apbrating hastdlasehporating
aver age di anet er_ of, ain is smaller than 5 tm the rate of single
domai n gr amadenal Vigg ap ipshong v DesodtThpnteha ehrface of apsintered
magnet havj r LOR;cRerRciye .force.,.Tithe ayerage di aneter af
grainis sfr’%ag%F%‘l"r9 %hgﬁ %f;ﬁhh sf\éﬁ]&& Phackpsd 38, H’:P%y aoeeﬁaﬁgﬁerg:mq
and conpl i éaifRehratif HéfMRi Whé eabeF r ' h i '

process nust be %)%trerrellmélﬁe%endedagndat?ﬁuégﬁ]e&g?%dﬁ%t?i %J%hﬁgce of
wor sened. $i0€erefl magnet!$, asd giffissiidg ant honsezeasoiidle penttahtiay ahe métahg
material V an alloy including at | east one of Dy and_Tb renarkably

i nprovi ng Bt Bramdeunieryphases b Ynteyed magsst Sphase. In this
cas@ it mayqaﬁwyossi ble to include therein Nd, Pr, Al, Cu, Ga etc. in
order to_fu[r ef inprove the coercive force. In addition the netal
evaporating MeTRE kalteidd RafRASS 88 sfabiaiN aflri o Y- P faﬁ‘ﬂi]f‘haggee
predetermned mxing ratio and heated €.g. In an arc furnace an trﬁen
arranged | mandagparedessifoljowhgrbera dagpor meethbél That [i60A24t1yAins Atlown

in Fig. 2, a vacuum_vapor ocessing apparatus 1 conpri ses
g member having pa th{%imess of 0%5n£)n%~0.5 mm is nrlrgnufactured 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, Tb, 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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has a vacuum chanmber 12 in which a pressure can be reduced and kept
at a predeterm ned pressure (e.g. 1X 10-5Pa) via an evacuating neans
such as turbo-nol ecul ar punp, cryopunp, diffusion punp etc. There is
arranged in the vacuum chanber 12 a box 2 conprising a rectangul ar
par al | el opi ped box body 21 having an open top and a |lid 22 detachabl e
on the open top of the box body 21. [0043] A downwardly bent
flange 22a forned around the |id 22 can be fitted on the top of the
box body 21 to gefine a . processi ng chapber 20 isolated fromthe
vacuum chanber Y38 pxieraple fq pptimize 1013 18 %ﬁatPa%‘éfQFtWWP of the

bet ween t he,; g:%ei'i?:' : re.jn.t —~
pr ocessi ngesé'&g(%gg?l%%gn%b%a‘?g u%‘é%gg% a prdééggﬁegﬁ%g.agﬁngﬁoﬁ-u AlIIBa)5
hi gher subspantoral } 3h~b30 hah [ dheidvetdtandibfter o VST ERaerm12
by reducing the pressure in the vacuum chamber 12 to a predeterm ned
pressure (esigee the qindivg) fovdesofithe grawsuhiring gemantion bf thoftginetic fieldA
vol ume of the, procegsi hanber, 20 i.s determ ned so that, the t al
atons can b Yol th%t gt¥fe °£i9ﬁ9é1téﬁoﬂa’ﬁnﬁ’clpl§vﬂ‘§ r%’tﬁf adizo rﬁahe

plurality i rechi f t o | .si -] i i

Phe. aver age YrEads el 80 BhuRiake bllaafls eALORE it 1y FORRNE B0 BHbR) |
and the |i djifRsene lemdenefof Tt £id dbSaiPthueRCIHtaEh WipePmbiént®aghet M
evaporating nenber and their wall thickness is determ ned so that

t hey are notavdeg er resaarbpblyebighytvercivé: fyrcar i the atverhgoydiamiesert ofirgramedns
descri bed bel ow. .[ 00 Wien the_netal. evaporati material Vis
Dy ?i(nizl 5D, TPrede. ther 8l m e 080 S O i U SRR | e ngine,
readt with  r ] e
o 5 1 medieh iBth Sk BaBbA kS dibind A0 Rl dfkel U SR

atoms of Alofw2idnlateod & ddtibrdtbe avdRe thatrafgp bLwhid theym akith i -energy
Accordingly the box 2 is made of Mo, W V, Ta or these alloys

(i ncl udi ng praducie semanentclindensitioant the coerdve foTee amgdedudst. al | oy
etc.), CaQ [Bﬁgo or oxides of rare earth elenments or structured by
heat i nsul ath nmber on which said elenents or alloys are coated as
i nner |ining. I o a4 : i | L.es
(e.g. O. 1m0mpﬁ€%?§b2%rrg%§g&gg% %%.?gé(;et er%lefn)é%ﬂﬁgllgg éflﬁ%ﬂrll&{tﬁ%{g%ﬁﬁ
processi ng thlardierof 2ngls deimh @rapidisfirckyasell midherhe 8RO Swiickan
be placed side by side. On the other hand, the netal evaporating

mat eri al s \pexmangpp mpaErieh havipgpicay dagloepexcive fareen 1€ the avarage dipaneter of

surfaces Orgr%ilgq s?ﬁjar e%ct%a%f ILE]IE[\, girn(():g E%ﬁgl L '1:(t: r1])%lrrtrg&ar.ryzgécomes small and

complicated, the time required for performing the diffusing process must be
extremely extended and thus the productivity is worsened.
C {0041]

It is possible to use as the metal evaporating material V an alloy
including at least one of Dy and Th remarkably improving the grain magnetic
anisotropy of principal phase. In this case it may be possible fo include
therein Nd, Pr, Al, Cu_, 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]

Ag shown in Fig. 2, a vacuum vapor processing apparatus 1 comprises
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[ 0046] A heating neans 3 is arranged in the vacuum chanber 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 M 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 t h82%3xvasuifeharaberabs: thvushiR PresrwRe CAD beitegueadeanb keptgt a

means 3 ang..[ gl I t } Sl h I
20 vi a t hel B gyt B.g, 130T <88 o Gyt RB bR R 8L
magnet M Mﬁﬂbo%b]é@ulhb%nﬁ@;%%ﬁbﬂﬁﬁﬁ! AFRRERS Lty eRPIhRFLISs ArdRged in
perform ng the nmethod of the present invention. First of all,

si ntered ntiyneasnsn chamben 12 ache:d2compyising 4 rectapghlad pdeslbslopipdd &bove
are placed, o he bearing grid 21a of the bqx body 21 and Dy form ng
t he -met al Ewgsbéi gt@r%@ HhoR topand ¢ gldrﬂzé@éaﬁmb?q P2 the pRghiop Rithe bobt

t he box bogé{%ﬁ (Thus the sintered magnets S and the netal

evapor ati ng erials V are arranged away from each other in the
processi ng pdpud)er 20). After having closed the open top of the box
body 21 by the lid 22, the box 2 is placed on a predeterm ned

posi tion encirAldowrwandhebérgaflangg 2fRsafosmad iamondkthealid @thcah deifitted én
(see Fig. e_vacuum chanper 12 to a

pr ﬁget er i ﬁ%tﬁéﬁég)ggg ES : 3'@,5 It‘§< H&%n%m'owangﬁgamg aﬁtiiq%@teﬁf%eg the
o oher Chonlt EHBAREL )2 Py YRR S AR o8 BB EIRLS S ho P

hi gher than _ ati ng essing
actuation flhnbdheonant ithehoeBady @1)\:\/@\61&@48%3}@%@ m&ﬁ%ﬁg thdRAbBAS0 can

reached to a predeterm ned pressure. [0 ) en the tenperature
in the probegedwepdcisanipressage lmg. bxdOndRal bigheprsubetoatiallydy half-digit
tenperature under .the evacuated condition, Dy placed on t{he bottom
surface of® %&Wdeéﬁgi‘fﬁgu%&ﬁﬂ 25y Trarg b PXessURp &} Hhg raeuum
substantia Ao i gpﬁjqﬂb d QHE ces
t he evaporg %’%ﬁ andﬁggtjgrgg?t%ﬁu%&gi %?g%%%%gtlnosphga)e%%s Oerv%g |E§

t he procesgicagsahpanber. Since the sintered nagnets S and Dy body are
arranged away from each other, nelted Dy body does never directly
stick to thE0Qdiddt er ed magnets S having a nelted surface of Nd-rich
phase when the

Dy . body .commrenced its eyaporation. The ato in the
By vapor  at nosfolEms of tas Btcesung shambph 2D s detsimuhed R aicge guetal
sintered : [ r i hat
ot Dy body Rt §€ Fhlfliafofls AURGA Bkt Bl dy oY SRAE ol
af ter repeat dingetionlsldfter @8erahebllifiens epesisidaatn of thba@i@gdlirbé yikds
into the grain boundary phases of the sintered magnet S and thus the

per'manent ofgasormedsmetalunatariale@he [lesdgidy 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 Tbh, it is afraid that
Dy and Th in the vapor atmosphere would react with Al,0, and form
products of reaction on the box 2 when the box 2 is made of Al,O; often used
in general vacuum apparatus and atoms of Al would enter into the vapor

atmosphere of Dy and Tb. Accordingly the box 2 is made of Mo, W, V, Ta or
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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 sanme 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

proper t i esthegp alpyplandnding taye pgrih; elemenispdsed Me slley, i added 3y alloy
That is, i h i il f. i d th f

Sinterod righece Prdl P Bl Ji5rll Gt e & BrathlaR Sl eas e
magnet S beeAIRHnDdil: &P%ﬁi@ﬂssafi&'eeléﬁgﬂsdonm&ﬂ§§? fa%ga??aégl Etghigﬁer

| onered and the surface of sintered magnet Sis nelte

princi pal lphizge A eanlgt grid Sial fihexsanplant pdirality of Mpwass (¢.g. 0.1mm~
increased), As the result,  of which a_rggi on_near_ the surface of

si ntered nHyAB ¢ 5 arangadat sipredatermined haight pr the processingehamben2q s
i ncreased. Furthernore;. xcessivel epetrates info.the ai s
toget her it SR BRGEY pPEREEY Hadadhe B he Tlant itk B eme
energy proguek haxi fel inBehl R 8pABGRER h Gt AP G &) BfribfiSy bRIBAGH!
flux density are furteher vvors%ned. [ 0051] ei%pclgr%l{ n%%{g t he &
exanpl e ofbdthen puefaestsidensafides or aByp oy codf ithelprycessinii churdier @0.
(substanti j&I y Epheri cal configuration) having a small specific
surface ar 0(1§ rface area per unit volune) is arranged on the bottom

sur{face of the,processin anber 20,at..a rate of, 1-109 i-gh f
e ot oo ATBREE AT BB ah b Suf Codbl B, SR
constant RN M hed th@afdahk @NisiRadd 8t matdiWHER [dby het Hact Reth
processi ng chanber 20 is set at a range of 800C - 1050C , preferably
900C - 100&6etd]evaporatinlgl matpriahef Pyaddibb ardnsrahget en thatet matiatles the

evaporating material V. is quage_.g. t he saturated vapor  pressure of
i s about 100% 4@nd compyxisep aj heatipedating memper ok Meeon Whi bewEagng

chanber is._900C +-1000C) . [ 0052 | f.the,t raturge in,t
or acossi ng cHATEr o ey ok B PR Byl Mo
sintered nEgRRintShohstedNEEhd MRter8Biffacet drethdi AdadSinBala¥Rhogbinbe R THY
atons deposited on the surface of sintered nagnet S into the grain
boundary phasesingchisnbeai®dambd subsimntinlly siifgrody ihightedt oy hedieng e Dy
atons to he di ffused and honpogeneogusly, %enei rated into grain boundary
box 2 under a vacuum condition Wwith 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 evacuating the vacuum
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phases of the sintered nagnet S before the thin filmis formed on the
surface of sintered magnet S. On the other hand, if the tenperature
exceeds 1050t, the vapor pressure of Dy is increased and thus Dy
atons in the vapor atnosphere are excessively supplied onto the
surface of sintered magnet S. In addition, it is afraid that Dy would
be diffused into grains and if so, since the magnetization in the
grains is greatly reduced, the nmaxi mum energy product and the
remanent flux density axe further reduced. [0053] In order to

diff i i d h b 4 hji.n fil f
s 1 or med SREPF 12 Ep b PR BARER o T R A il Wit s i
surface apRansfite Kééil% char B&d20Rs ERRvafid %UT% %%Jsﬂ?@ oPhaltl¥sit

processi ng chanber 20 to a total surface area o e sintered magnet
S pl aced bighehethamadi>hd0griiRh) 24ed dieating phe qessdssinge khatmber 21D iveitls et
to. be a range .of ;iége%lo-é} X 103, In_a ratio qQther than the region
of 1 x 102%Nabion ofghe hepfang MERNSH Whesdhetviardungthasebey khhas reachedf

Dy and Tbt00§8£%$6%%ikg&S)Fé)gsu;‘;_ntered magnet S and thus a permanent

magnet havin nagneti ¢ properties cannot be obtained. In this
case, a prlfoagybl e range of the ratio is 1>( 10-3-1 X 103, and nore
preferable range is 1X 10 2,1 X 10g. [0054] Thi s enabl es the
anount of suphenotheDengicoatiredntthe wmiondsairedchmabet 2B hiae rbached to a
suppressed due tao the reduction of the vapor pressure_as wel| as the

evapor at | BifigtgHRe G fepperature paderdingmvasuated capdition Ay plarestpr jhe o

be accel to ting of. the sintergd et . Sin.a

gt o REA, oGt B, B0k (il g BHEA V2, & deRgerptiee
ditanet er @fbsbh i eEaHBIREhabof thdBrdcbsditsl 8RathBer?20 W8l HoRINANLE the
range. Accordingly it is possible to efficiently and honbgeneously
di ffuse aswhpoeatadn adrel taceordyngly oas Dyepaport edmosphdre surforned dfe the
sintered magnet S into the grain boundary phases of the sintered
magnet S BROCessEng phamben s the sipfered magpetso? agdide pedy argypmangedind

f h | in.fil 1. . h I LLh i
i gr E)n ots S :abﬁl gay ?%og%r é%‘glln '?) t}%‘!ﬁ'e ’}%%1&%5(1;?3; Iolg) dﬁé%?%?ﬁﬁﬁ‘t(erﬁﬁlrjﬁéﬁy }\ﬁt]r%%o%] %g? nlgt
det er | or Afifehr8AdnkHRADS ALPHE { DATRCLIGIRXGCRA' NI phald (UsRGN: hrmoDy

grains near the surface of sintered nagnet. In addiiion since the

at ons ar ebatlyf ¢amsmdnced its iemapormtighoThe &y atones ButHeaDe vapogatmospherd i s
possible to effectivel é i nprove and recover the nmagneti zing
e

propert i edreasiPrlisdrand, deposited unbhe pugfageolbnigrad Npmeteah datedalgnet M
superior | REQHUS bkt eiily" Qe LESHLL b By Hly 'diflicR' 2 Y Kody or
from a plurality of directions after repeating collisions and the deposited Dy
atoms are diffused into the grain boundary phases of the sintered magnet S
(H and thus the permanent magnet M 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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[ 0055] When the manufactured sintered magnet is fornmed to a
desired configuration by wire cutting as shown in Fig. 4, the
magnetic properties of the sintered nagnet woul d be sonetines
extrenely deteriorated due to generation of cracks in grains in the
princi pal phase of the surface of sintered magnet (see Fig. 4 (a)).
However since the Dy-rich phase is forned inside of the cracks of
grains near the surface of sintered magnet by perform ng the vacuum
vapor processing (see Fig. 4 (b)), the magnetizing properties and
coerci ve fiByreved er yegewsreded. [ 0056] Co has been added in the
neodyniun1g§§$ of the prior art to prevent corrosion of the nagnet.
However, a ng to the present invention, since Dy-rich phase

having ext remmefiheil Ot (GORRBSRRR Jf 35} M AHieGpARE) BhTRRRAFCE f AftaAl"

resi stance as conpare exists In the 1nsi Ccrac

grai ns neanagie Spthacseedgd kempbsitioneih thenirfaas bfgsiatdrelomagasy S
phases, it is possible to obtain a permanent magnet havi ng extrenely

hi gh corr dsremes dsiselnand twe theniepdatiase demperitane iedivwarademd the

i t hout i Co, Furt i t ‘ t. i nt i
vopound SHERES g RS RTS8 S o BELB e
S, th t : Th ; ' ' d
mgnet S &rg TR oF gl Bhiveli3 IAERASA s O LS H W BRR LhogRi hARE
process nehti suésceabdsinthrad heaietpSr fsotredtddaandr d&dehgsdriandd tipey ittd

of time (e.g. 4-48 hours), the heating nmeans 3 is_deactivated, Ar gas
of 10 KPa iregplariydiscuyreared. Hvetharomee Pnpxeersifisdy preociratesqinfasthe

i n¥T oduci ng neans (,not own evapor at.ion of the al evaporating
mter o PrUEoREpHE. wRAH Hreat SRRRPAliRE Phathant bos B ngecHaIBe
20 T's_onCenkehetice XAMHinCOMy RHigSt; td '
activated gga%tb t (af:(eterrperzla1 ure I n théggrgg%@fs%?n%&gﬁggnbargiria%(%h?sﬂuget
i n a rangealenbitdabé HGDRET warsdnbdat treatnent is carried out to further
i nprove ang recover the magnetizing properties and coercive force.

Finally thd088d 2 is rapidly cooled and taken out from the vacuum

chamber 12. [%c5c§4ding to the example of the present ivention, Dy body of bulky

configuration (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 to that, the temperature in the processing chamber
(ﬁ 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 107 *~1X 107 'Pa when
the temperature in the processing chamber is 800°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 homogeneously penetrated into grain boundary

18



In the exanple of the present invention, although it has been
described that Dy is used as netal evaporating material arranged in
the box body 21 together with the sintered magnet S, it is also

possi ble to use Tb having a | ow vapor pressure in a range of heating
tenperature (900" 1000C) of the sintered nagnet S enabling to
accelerate the optinmumdiffusing velocity Wien the netal evaporating
material V arranged in the box body 21 together with the sintered
magnet S is Th, the evaporating chanber may be heated in a range of
900C- 1150@halsks pfithe sinprredtmagneit S beforer thehthin GMOGs formsed/ ap vhe pressur e

t h.t I I bl i ly the Tb at toth
Cur face ofISHOEHLIMARGHSY OB ChePthWeReRba theRImPaR bare eiipRd L 01,
di 5 Th. | i vel.y di jint h i d.th
Che. max i orgog, P aui F I tF kot 3R PR thERudteS 0 0 St

[ 0059] atmd3phéie LsaxpdRively bijpliRdesREthd SvMead dMintdldplaghet §. has
been descri bed that bul}g netal evaporating material V having a snall

speci fi c addifion ibieafrasl thet Dyt wonlkddhecdiffused ambograinsf arel/Kpoy sincathe
under a constant tenperature, this iﬁr ngt q%gs lute. For exanple, it
may be poSSRERELRLIONdR A STHES 45 BrGA Y redHeqlacide JPRAMHI SnPERgIRg el sh

(or dishe i i .1y the box body 21 and
pl aci ng t?enrdg%h\r% ]%83[ ?hggﬁgﬁgﬁﬁﬁﬁﬁeﬁ@?&e@gﬁ‘%@au ng material V or
possi ble tdoopght a lid (not shown) having a plurality of openings on

the dish after the netal evaporati ggmrrat erial V has been placed
.thereon. [0060p order toaflftuse Dy Metocthargrhin béundaryrleses befone ¢he ithim,

e et ELPA: ab LS G ThP PRI B BeEaLTRgREh St w0, o1ty
be oSS bl.grk SHRBPLRe AR OY 5o £YAPBE AL Ao PhB YIS o Boce

processi ng chanbér, not s parately fromthe processing c

20 and ot haniteatd0ng aeabd fefadhred\viftheainteged AedHRE .S piEed @n the
construct so that the netal atonms in the vapor atnobsphere are

suppl i ed thsating eichete efithenpirecessing ehrmbero(bissiet do dhanmtsamge 26 1vf W04

ti i gat i t j dt
v apor at | R enTndn ATt ottty iEnue SBERe ot R0 g 1 e
evapor at eq, .i r.ating: I i ; en
Che pr oty SorhofmE BROER 4 Mk EPGE Dyl BRI on thel Bulifis® of 8ifterdfc

evapor at i ngagiandemdithude feaiednt mLHREC-HO/HE High rhideticepRpestidy €,
the saturated vapor pressure may be about Ix 10-4-1 )< 10- 'Pa ). If
it is | onsPnnplbe dgomed: ke thissese, grrxstarablecange of theaatiods ey 3atl

whi ch e s lied to,the surf of, sj ed magnet S so that
DyI i's (El)iyf fcgigg B%B&J?F&B’Ef‘s%‘%}‘g%éﬁg ea"i%#@gt he g?ai n boundary

phases. On[g)fj§4 t her hand, when the prinmary conponent of the netal
evaporating material V is Th, the evaporating chanber may be heated

t 0L900C 1200C.THik ehibles thoumouhb e 3Cof Dheitmap oo tiy siasdiee niagieoS
reach a |l evel at which Tb atons can be supplied to the surface of
sintered fadiwesumpremed: dree tohhe aedudtion of the vangiapressinn anwell astihe

e

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 boupdary 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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(0062] When it is possible to heat the sintered magnet S and the
nmetal evaporating material V at different tenperatures, it may be
possible to heat the sintered magnet S at a tenperature in a range of
800C*-1100C and keep it at this tenperature. This enables to
accelerate the diffusing velocity and thus to efficiently diffuse in
order Dy and Tb deposited on the surface of sintered nmagnet into the
grai n boundary phases of sintered nagnet. |f the tenperature of
sintered magnet | ower than 800C, since it is inpossible to have a

di f f usi ngovrewettt heestatiddernf My mamgnirmagneb M didnh (heint defdriorated and

Lo TR BB AR i of
mgnet . GTERa? henBl IR sibe (R TR B 1€ A0S BERECT |
be ent er atbairthe sgrfacasf Heimyg ipisi ppekipad topdfRetivelly itdieosd ahéregvepgizet

and after all it would be sane as that into which or Tb is added
duri ng nepeagraiizing myopersiesandecergcivadorce amd thhw do ohtainta pagmpneit
magnetic field,,accor.di ngly .t he maxijyum ener.gy product, exi biting the
nmagnet i c $§%eg:}\disgge%ﬁ}rgp%)gug§g¥%ﬁg%upg g aygEyphing Worﬁ‘n or der
to renove [3?'&}5] gas or noisture adsorbed on the surface of sintered
magnet S before Dy and Th are diffused into the grain boundary
phases, it nd¥hbe thesshibhefattureddsideeretie ngges Uike fortnddh@o vacdedited

chanber 12 to a predeterm ned pressure (e.g. |x 10-5Pa) via the
evacuat i rignfigaradion by ndre euttingpasshown ip e st rhef magaetin pripesties eled

RACINE ETERIER R T T T
Pl 1) ok g SR ol T U Rl
100C by anhgmdti(see Fie hé). iHegvereaning thedDy-vichasmse i Sonenbitsidelofe
for a predetermned period of tinme, [0064] Furthernore it may be
possi bl e the gsacks efegrainmannr phaswefaerenbriatensd mppaatahy pexfpgning dwn)
for generv%'tc:{lﬂ% '\Ar‘gtpgrr p'f'gcegslifalg n@eé %‘ié.hg (%ﬁ? HH 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
(L. 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 above have been performed a
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chanber 12 and to performa prelimnary treatnent for cleaning the
surface of sintered magnet s by plasma prior to a treatnment in the
vacuum chanber 12. When the sintered magnet S and the netal
evaporating material V are arranged in a sane processing chanber 20,
it may be possible to arrange a known conveyor robot in the vacuum
chanmber 12 and to nount the lid 22 in the vacuum chanber 12 after the
cl eani ng has been conpl eted. [0065] Further in the exanple of
the present invention, although it is described that the box 2 is

st r uct ur edregetarninedoperiod of anhealelg. d4 2248 hotmes),nthenheating mband Gpis

f. the b d bsol nd
St ot or e Sean LB s o J0 iBap bt e B ricenoing PR oo
fromthe \aguymeehanheddutiAWotnd’ & %uggﬁlbnmpegﬁqesswthha%gﬁf

20 can be reduc I N accor dance Wlt pressure Tn

vacuum chawhpératihg E@lteﬁ%lamsestopﬁed'f%tp €hd Qé:ﬁF BFRutd\n (tRP PP
the box body 21 to be covered e. foil after the sintere

magnet S ishember20cismneenloweied tméﬂ%céx (bodin@slyl thenbsating alesos 3 is

e 6 ST AP s B A £,
d

predet er mraﬁge BF 85 wée@ga!ql%a@ ﬁl%faF t ysaﬁ%fég%p@f{mﬁr&% ﬂ&gﬁf%l

Si nce the ser coh using ve

Dy and Tb aindt ﬁecbhﬁ Mbahagmelwomﬁagand(ba@faﬁeeﬂirc@fmh&ﬂy thébes @d
magnet S itself nmay be | ess than 3000 ppm preferably 2000 ppm and
mor e pr ef ¢ sapidlyl@otedmnd takeniswd ifroomthe yaquod@ezhamber 1As a si nt er ed
magnet of w -B fam |y, a nmenber machined to a cylinder (10 ram ek
“mm ha conmposition of 30 Nd-1B-0.1 Cu-2 Co-bal. Fe,
02cont ent of f
Iﬁ%gé e%&vf;&aéjo gkﬁteﬁ%ﬂ[ 1[&;3@}1{10 a&ﬁ%%@&%@%@e&}ﬁ%&&

grai n di anet er S use e surface 0
the sint erhat Dy is used as metal evaporating material arranged in the box body 21

together with the sintered magnet S, it is also possible to use Th having a low
vapor pressure in a range of heating temperature (900°C~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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magnet S was finished as having the surface roughness of 20 u m or

| ess and then washed by acetone. [0068] Then a permanent nagnet
M was obt ai ned usi ng the vacuum vapor processing apparatus 1

descri bed above, depositing Dy atons onto the surface of sintered
magnet S in accordance with the nethod descri bed above, and diffusing
the Dy atons into the grain boundary phases before a thin filmof Dy
Is fornmed on the surface of sintered magnet S (vacuum vapor
processing). In this enbodi nent, the sintered magnet S was pl aced on

t he bearin s i | NGy er 205 ,and Dy o .

99. 9°/degreglag§ﬁ%]u§%t% § Séﬂg%géqggﬁi%g ]rjfgt]%o es\ﬁ/lgbvo al?al‘%%g %PL‘H%’{Y Of'he
net al evap@peaim?g R RE | @ibh haferd the!l ¥ tal Osfdp@pdtald QRaRRR] tVIehidtRbn
wei ght of 1 g of the nmetal evaporating naterial was placed on the
bot t om sur plced dfherdva. pr ocessi ng chanber 20. [0069] Then the
vacuum chanWs once reduced to 1 X 10 'Pa (the pressure in the
processi ng er was 5 x 10-3Pa) with activating the evacuating

means and the %ﬁﬁﬁ{ %%”egz[a%%zb& %"ﬁ?e%%hf‘%&&%i&?ral@]?ougﬁ?‘&eﬂaé%eéﬂe

heat'i ng means S se e vacuum vapor 'processi hg was

perforned federibédtedhtarikit®e sitterdiemBenhad Shadithe &ﬁlﬁapé@gﬂ:‘:&ﬂeriﬁaterial
chanber 20 had reached 975C. (Conparative Exanple 1) [0070] A

fil m for nmi Ngnpheqaesisangwehsaumplesrt 24, iethaydmi presibidprexanmie to pagidd a5
sane as that used in tgﬂieErTn(gOdi nt 1 usjng.a v&Por deposi {ion
appar at us E\ARRTIHBRICHETRET [hEhPiRSF pregessing champber, npt shawg serafataly

kL e A i
2,51 Bt e ote it 0 D qbse by ) sk B0t
i X 10-4Pa. are supplied to the sintered magnet in the processing chamber 20 via a
connecting passage communicating the processing chamber 20 and the
evaporating chamber after the metal evaporating material has been
evaporated in the evaporating chamber.
{0061]
In this case, when the primary component of the metal evaporating
material V is Dy, the evaporating chamber may be heated to 700°C~1050°C
(at this temperature, the saturated vapor pressure may be about 1X107%~1
X107 'Pa ). If it is lower than 700°C, the vapor pressure cannof reach a level
( at which Dy can be supplied to the surface of sintered magnet S so that Dy is
diffused and homogeneously penetrated into the grain boundary phases. 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 Tb
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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100711 Fig. 5 is a photograph showing a surface condition of the
per mmnent magnet obtained by perform ng the processing described
above and Fig. 5 (a) is a photograph of the sintered magnet S (before
process). It is found fromthis photograph that in the sintered
magnet S of "before process” although black portions such as voids of
Nd-rich phase being grain boundary phase or de-grain traces can be
seen, the black portions di sappear when the surface of the sintered
magnet i s covere

E by the'a)?)(llacyifffﬁr(thi n film as in the Conparative
tE)r(lﬁcr:nlzlngs; EYRRPTR[IGE A : % | %n‘b?é@ecrﬁg“%i‘?@a%ml@ﬂ ¢ FPFEbIsfto l:eat
it is foungltml' E@ﬁ%%ﬁ]? t% {'elhdlaﬁg r%@kﬁlp%r]{ainglr’]so%uc ’é’gﬁ%ﬁé}‘%f

Nd-rich ph&sep & a#l€higtamper4tA6& ST RnABleS 86 Mcadlerdth UEe %ﬂ'usin§ velocity
substantially same as those of the surface of sintered nagnet of

"before prevddbts to effandetitly diffuse inordenby anddTb Bypdsitedoeethe surface of
efficiently diffused into the grain boundary phases before formgtion
of the Dy g%?%?edb’é’@&%‘é“&l“ thhcep i Poundtis EﬁIﬁS% ishe el psa@@et{%.tils
(c)). [007 ' ' e ' |

of the per r@r%r% %]iatlrlrgéggfeF %%g?%%gg% %O?ég?ggrgdéadr@%%%gsn%ﬁ |%§lgslé 3
described ahoyea MaHshbC vBIoRRSr thablivg DRe a3idUEl eth NBONgifused bahar e
process" is shown in the table as a conparative exanple. According to
thi s t abl ebhbmogendanshiipemeitrateianprethrapeait bomgdety dhesest dfethendurticaraft
1 has the ngxi menere%y, rodugt .(BH) max of . 49,9 MXe, .the remamentl
Flux densi PtERedomagned, i, e Airaith thae i hin e ccoplirizing 2600 Rew

d{th t ol ' '
L e ¢ DR RG Dk el 3s Binda f8PMnd SubBEPLK AR GBEBE G5 the
vacuum vapeftheR e $f i higheh g e 100€] Dy /blwould beenRréd fﬁtﬁgﬁ ns
magnet of Nd-Fe-B famly, a nmenber machined to a plate (40 X 40 X 5

(t hi ckness peingritapilmhase obthposintared meg@0 and-afer @lllit @oulkl bdsamalas
Fe, 02 tent of t j.nt d, t. S.itself _of 500 1
R I
the sint er gdqrpaneh.S Wt & Shofeas IRY | Iofdifers i A Sxt UAMER 3y Of

20 ji mor T'éss a S y acet orie.
product exibiting the magnetic properties would be extremely reduced.
[0063]

In order to remove soil, gas or moisture 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 chamber 12

( to a predetermined pressure (e.g. 1X107°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 to provide a known plasma generating

apparatus (not shown) for generating Ar or He plasma in the vacuum
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10074] Then a permanent magnet M was obt ai ned using the vacuum
vapor processing apparatus 1 and the vacuum vapor processing nethod
descri bed above. In this enbodinent, a M box havi ng di nensi ons of
200 x 170 x 60 ram was used as the box 2 and 30 (thirty) sintered
magnets S are placed equidistantly apart each other. In addition Dy
of 99. 9%legree of purity was used as the netal evaporating material.
The nmetal evaporating material has a bulky or granular configuration
and the total weight of Ig of the netal evaporating material was

pl aced on ¢heanbrat IHand de parfermfa prﬁéinpin@cjésmaﬁgleuh&rp@ealﬁug thegusihce

e or UetelRiet ot iR septoe Whabmont th the Fargphebimbot <
ti . f I

evacuat | nglmgnacﬁg difierif %E W En@ 5%18 3‘3%1%[ Qgﬁg&hﬂﬂg‘iﬂ&‘f@?&ﬁ Ve

heated by t at1 ng neans S set vactium vapor

processi ngarsasggbif arsamie pescedsdinpehnmbaf 2Or it haytiRpeisiilelte arfhridae
processi ngkchanber 20 had reached 925C. Then heat treatnment was
per f or ni eckWiWh cewyayongodianithe yacwem: chaebert 1 andito 5800t 4he 1idhe? in

treating tjme period at, 9 i hut es. . Final he per t magnet
manuf act ur & ‘B@“B@r%&ﬁkﬂ&ﬁ@efr@?ﬁk&nﬂ%&%bw s cut by
vm're-cuttir[gjogg having a cylindrical configuration of 10 mMmmx 5 nm

10076] Fig. 7 is a table showi ng the magnetic properties of

per manent magnEhrthbein theangathle betinopicsent @veation)falihoughdt ishdesaribamt
of Dy arranged on the bottom surface of the processing chanmber so

that the rideidhetorPelst Bragtuzasd brnadoxadialy ¥ any alid 2Rcothst mpuniediace
arga of sintered magnet in the processing chamber 20 ccordi,ng to
PE 7o LR Lo BaR ot b oy S REGSA PuERR NS bof RpshRES S
boundary r i Ll LS fon 3

of sintere nggﬁegt% 5% tfef aﬁtﬁg t&cﬁgfﬂ%%nt%ﬂvlblznﬁlgéﬁﬁ glr?glggltéﬁ&gi rﬁjg%{l g&'?s
in about Sracudewehgmbet 12sandcepsasyrd tn th& prob@singt clarhbeg20 dahale | X
10-4in order, to_obtain_a high coercive force of about 20 kOe. On the
ot her handreducedin aeneadancgiwith rpdugivnsofinresquse dnthe yacymichambend 2.

9127 DOUTHR! Y BABRS, BELOEE S ITUR, Ld TSt el R i
o 10" SAOMEE Oty o M GNP ot ST VR LD
formed on theehosulsddyczi.dt nsdynbenbd puagibht toScaristiset the pidcesding oh@mber
larger t haélo i]l-eéigllgt'ly r[:llggg)doidni tr]T:t%n\EacﬁLm 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
1000 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: 3 m was used. In this embodiment, the surface of the sintered
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(00771 As a sintered magnet of Nd-Fe-B fam |y, a nenber having a
conposition of 25 Nd-3 Dy-1B-1 Co-0.2 Al1-0.1 Cu-bal. Fe was used and
this nmenber was machined to a rectangul ar parall el opi ped of 2 )< 20 X
40 mMm In this enbodinent, an alloy of 0.05 mn--0.5 mm was 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 pulverized by the jet mlling
process. Then a sintered nmagnet S having the average grain dianeter

of 0.5 g M2ndt SrwesFirasticll AeHavivg $he kaFfabe rélihnRys uﬁzmaﬁdopw&e%d
under predeterm ned conditions after having been magnetic field

ori ented dhenfwashed by acefopeedet ermi ned configuration in a nold. The
surface of baé%fl ntered magnet S was finished as having the surface
roughness & m or Iess and t hen washed by acetone. [0078]

Then a per rmne[rhtenn&gﬂe? 2 e al Skl %S\ﬁ"i‘g Léﬂg]v\é?ﬁg%l vapor

processi ng apparat u the acuum vapor process

descri bed prafgymg d}:@a&ﬂlu% leddesibs® Bbevel ABpdsRiite !iﬂgﬂﬂsbﬁ@)on% fﬁt—f’éﬁ‘i’ace
rragnets S are placed on the bearing grid 2l1a in the M box

equi di st aef [sjyntgped magneh SHihaccordaneedwiith tire methyd Elpsmﬁbe@lgal@o% dedr ee
of purity S .use t he netal  evapor materi a nd the total
wei ght of d\i\%u%}ngftggﬁiv AEAS ngQ r%’ﬁlhg ‘h‘ﬁ? |P31asﬁ%g %F%éé@ﬂblﬁh!l
bottom su
vacuum chanos rofinel o8 BeATEREL b Fﬁl@%@ﬁ%@%‘: ; ?‘ﬁﬁ%@e‘g@&r@r&eﬂ&w§>-
pr ocessi NndncikddrepibolBseritX tAd siftadedMriaBnal Bi was ipldtel i ﬁiéaﬁéﬁiﬂg;

ns and the tenperature of the processing chanber 20 heated by the
he ting m2dadn3hegsocsesingtchgmber 20hand AyuefR%APdegreead essity gvasassed

performed for, 1--72 hours after the t erature in the processjng
Chanber 28K MekdSRPeTaeng MaerRbal ﬁ@ﬁﬁpwﬁmgemﬁmrﬁ?édh% £h

setting t AGriy %ﬁ%%%artﬁﬁpgﬁ@ttﬂé Gotdl wETht B39 16 thEFRAAD bk pBiaRRE O

at 90 mn
material was placed on the bottom surface of the processing chamber 20.

[0069]

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 975°C. The vacuum vapor processing was

_A performed for 12 hours after the temperature in the processing chamber 20
(. 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 1X 10~ *Pa.
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Fig. 8 is a table show ng 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 permnent
magnet havi ng the maxi num energy product (BH) max of 52 M30e or nore,
the remanent flux density Br of 14.3 kG or nore, and the coercive
force i Hc of 30 kCe or nore when the average grain dianeter is 1---5
p, mor 7---20 bL m [Enbodi nent 4] [0081] As a sintered nagnet
of Fe-B-Nd family not including Co, a nenber having a conposition of
27 Nd4 B-0.96o1aF 0.05 Ga-0.1 Zr-bal. Fe was used. In this enbodi nent,
an alloy of 0.05 M 0.5 ram was nade by a known strip casting nethod
wi th fornul ati AGg.F8,is B, phdtogfaph €howitie atsusfricd conditivmi of the petrhanantd

t hen once ground@g¥ a !é%own ydrogen grindi_.ng progcess _and
cont i nuousMAgNAtPhFaipe ming the Pracaspipg ée%cgsbedﬁb@ﬁe andiFigeh &

e o ol BFARBBA oPAIALLELRR RE TS Tl 80 plocd eyt FTMBRng from

obt ai ned by §i fe pu verize

condi t i ons tRfgt fkotbgMpAOtIRRER t%%lﬁ%ér@dfmﬁéﬂiatos 'ofﬂbﬁgr@?fbcééy’ NRthdu@ha
pr edet er m ned conflguratlon in a nmold. The surface of the sintere

magnet S whdadk pordioad sach lhawoidsy ctfri‘éds'mhf;ﬂr&se neughgeds botin@4xyt plmsaror
| ess and then washed by acetone._ 10082] Then a permanent nagnet

M was obt aﬁﬁ&fawrﬁge& ¢ b%lé%ﬂnntb%b%ﬂﬂkmeg% FIWQPH?)?}'aWBQ%ShelS‘aﬁﬂCBt ofe
vacou a0 CHEEAT AGTEL R R WP S SRS B
) Sl om g o o o
Lothl wel gibickhods of th Ditdayert(dkinchiaporas g mrOerfhalcontsrp|iniethuod
the bott Omlr? lil:{lfe %E('.:n?bc?c]im}erlll% nglgai:tel?lzlcﬂ? %ogtqgnng)gchzgs Vi[)l%g 0:%]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 (¢)).
[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 fable 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 coércive force
iHe of 23.1 kQOe, and thus the coercive force (23.1 kOe) is remarkably
improved as compared with that (11.3 kOe) of the sintered magnet S before
the vacuum vapor processing.
[Embodiment 2]
[0073]
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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Then the vacuum chanber was once reduced to 1 X 10 Pa (the pressure
in the processing chanber was 5>< 10 'Pa) with activating the
evacuating neans and the tenperature of the processing 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 performed for 2-38 hours at every 4 hour
interval. Then heat treatnent was perforned with setting the treating
tenperature at 500r and the treating tine period at 90 m nutes and
sear ched f gb-HalleFe/ T HMARP ChP 5T MR S itédif SE5000) SRV Ahd average
obt ai nabl e best magnetic properties (optinmm vacuum vapor processing
hour). (CogpenatiametdixafrBluandywag 038d.1In this émbGhmpartathe eufeanpl dbe
4a- 4c, sintered _ magnets each having a conmposition of 27 Nd-1 Co-1
B-0. 05 Cu- BingeedqnagnetA wag .mééef{] THhpungitho surfagapeechness 020 xan gr

Co-1 B-0.0 - Q. - r-hal . Fe (Conparative Exanple 4b), and
27 Nd-8 Q?ef%pg'tggn%sgg%ggég%pi. Zr-bal. Fe (Conparative Exanple
4c) were usphgh7ad a sintered magnet of Fe-B-Nd famly including Co. In
these exanples, an alloy of 0.05 nr0.5 nmmwas nade by a known strip
casting net hodThen la permabenti npghet M3, waidd obtainedCusin@athe/vaaturs ataghor
conposition rati.o and then onc round by a known hydrogen grindin
process anBraC8PRinGdRaratup ae itg%daﬁvumh%aq%tprﬁmsrsmgmsﬂw@e@%scnh n
a sintered n f : | -t f ' f

was obt ai n%%‘rﬁ%yﬁéltﬁtsggll%g Egng’%u \%Jr% ?zhgahk %‘lb%lé%%gor?%eof §8§§F§€'§€r§%§] _
condi ti onswakt gdednayi ik BeQN2 @Al ¢t )%i@treh&i‘txﬁﬁl%ﬁéiﬁl $ ofreegldced a
pregdet erm ned configuration in a nold. The surface of the sintered
maghet S weguiflisthstiedpast ¢rohi other.He additian Dy oli§hAstegode Hpuritn was

| ess and then, washed by acetone. Then. eh‘glgnent magnet s of the,

Conpar at i vEsesasbremesal erapgeating, materd geetab exipryating mrisral basg

descri bed d qs\[;gf i: S -fhe [

and searchgwg}’%?h agp Fiim c%ﬁ%?\s/dggloir:ﬁ%?%@egéef%g %%ggg?[tg%t%?él
Fig. 9 is gudppbhfing hauteih]lthgs PIRedd6n tAk Ussttddh duttacBBeMEHd Brocessing
properties of permanent magnets obtained in the Enbodi nent 4 and
Conpar at i vehambem®®s 4a-4c as well as eval uation of the corrosion

resi stance.[d%%\%ieti c properties before the vacuum vapor processing of
t he present ntion was perforned are also shown in the table (Fig.

9). The 100 h 1.7 4
Thst: PCT) was Rgi i aa o oP BB S bphn e IERk KFLESCHT > PROSER

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.
[0076] _
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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According to this-table (Fig. 9); it is found that since the

per mmnent magnets the Conparative Exanpl es 4a 4c include Co,
generation of corrosion is not visible in the test despite of
perform ng the vacuum vapor processing of the present invention.
However, although they have high corrosion resistance, it is

| npossi ble to have a high coercive force when the tinme interval of
t he vacuum vapor processing is short and the optinmum vapor

processing time i nterval (hour) will be extended in accordance W th
i ncrease of Co c ent osition.. 100
contrary in2f¢f Og gﬁ\é"t%n%f AGRE0 ﬁé}%ﬁg@?t J o tge PEeFgsing

t hat no corr.f rl f I
Co and thus |?hﬁ 2? Ah&g(%%ogﬁlggfé@?s%g%g%. urattt;%fr?oa}rleri)(éi(?i &%ound
that the perh@gedih boagdety phadel delorbaBi vEiRt fikh 6ADyRE B+ dH e surface

coercive force of average 18 kQe after a very short .vacuum vapor
processi ng obiemteredampgnatsy ifppbisoBywédr-$mm cossid and saulga’ao 3$ It ahad

2?‘92%‘323“'% T 0 2 o gy 168 REestd 0 AR LAY apety 8 Too0 in
02
machi ne o5t SO iaR §BUFLBIG IR of RO 5 KOk, Op R R i i

enmbodi nent, f@m@t}mm@é 5s§fﬂe(tb fﬂlﬁ’dﬁtﬁﬂ@)mﬂﬁﬁhﬁgﬂﬂn%uﬁdkﬂﬂﬁﬁases before
centrlfugal cast o with formulating Fe, B, Nd, Dy, , Pr

at sai d conpbsi ng af Dy iadernddeon dmw@amfoslwr@i kragnat Syﬂs:agantlo
di d I
o ocess” ?LE%%@%@S& QF%EQ“%E%M; S50t Hacht) OEmht or Diymimgs used
pul VQ{! zed g‘i filis YOO, 119'% 6e‘i-£1% B5ele %ﬁ’%ﬁ&f}h&ﬂ%@%&ﬁ ‘UePQ Bl
(0} a pre

_magnelcfle rrente orrredto etermned configura
in a nold. Bhe:)ysw&ézfcm@i ohfthessluﬁlfa@é%ﬁsifﬁgﬂﬁl maghas Sfif @aﬁhﬂhoabecomes

havi ng the surface roughness of 20,u mor less and then washed by
acet one. larger than 1X10°,

{Embodiment 3]

[0077]

As a sintered magnet of Nd-Fe-B family, a member having a
composition 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

( ratio and then once ground by a known hydrogen grinding process and
continuously pulverized by the jet milling process. Then a sintered magpet S
having the average grain diameter of 0.5 p m~25u 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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[0089] ---- - Then a pernanent ‘magnet M was obtai 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 are
pl aced on the bearing grid 2la in the 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 netal
evaporating material was placed on the bottom surface of the
processi ng chanber 20. [0090] Then t he vacuum chanber was once

Lo By " o n (s ChBGIRMERD Y6 (dud HERPEERS A ENATDR sl okt

10- 'Pa) an en t pressure in the processin

| x 10-2Pa. At ffe boraine gpdr kUit thd) M Bop 206AS8isthtBh aphercatl dthae ad
a predeterm ned tenperature, the %ocess descri bed above was
perforned f@dditlothdurlsy Di phi . Ebdegneenefl urithie wsisnuised chsndhaemesnl
and the netal vapor material V. were heated to su antially sane,
t enper at ur e.evﬁ*ﬂ%‘pﬁ%%a’f“a?‘?‘réajt m%@%mg}tnﬁ’e{d&\ﬁtcﬁs t‘P?Wé) %’ﬂ@ora ng
treating te i i i

m mates. | o0uT L Wasladd i HBbolhfh b Mint bifkeRahe 8adbeld,
magneti c profoeeTdles of pernmanent nmagnets when the tenperature in the
processi ng chanmber 20 was varied in a range of 750C*-1100C toget her
with average vallhen slte stactiume ¢hambaet wahemee heedugedithm Lapdp ~~ Pa (the
processi ng was not .cayried out.. Agcording to this,table jt is f.oun
Phat Csuf fcERtStay 5 Bif PEoAspe bacis ea 16 10ne Pal itk echiating the
sintered ma . r

coergive fo%?g&ilﬁcu?%g%ﬁ%tsgggtg #é%tp flag%@ge Pﬁp@o@%&%@?%@ﬂ@%g@hﬁ%ﬁ ,

t he naxi mumgnitledieqpingtiweind BHapsetannd M. Thewaanim Magsr gedesdivg Bras
were reduced because of excessive supply of the Dy atons at a
t enper at ur e pexfovmdilfor 10502 Wunsrafiern thectempearhtureunfthe protessing chamber

sintered na%eﬁaa’\?esacﬁmgé %g"dm fﬁen%eéta%ggﬁmér%ov%% performed with setting the

treating temperature at 500°C 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 (BH)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 1~5z m or 7~20 u 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 ratic 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 3X 20X 40 mm was
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On the contrary, it is found that a permanent magnet of high magnetic
properties having the maxi mum energy product (BH)nmax of nore than 50
MXe, the remanent flux density Br of nore than 14.3 kG and the
coercive force ilk nore than 22 kOCe was obtai ned when the tenperature
of the processing chanmber 20 were set at a range of 800C-1050C. In
this case since Dy |layer was not forned on the surface of sintered
magnet and there was weight variation, it is found that Dy has been

efficiently diffused.into the grain hboundary phases, before the Dy
| ayer is ¢ ptined ﬁ%ﬁ%’ﬁﬂﬁﬁﬁge @%5‘[96@8]130‘” er updel pEsdetermugedcgnditiops

Nd- Fe- B f agklLy had: ' o] ILhi -8 = 1B- 1
Co 0. 2 Al - BapY e BUEL AR AoliopRATh A Prrech B o prdepergint
3000ppm angorfiairadion @ ai Moldl THelsarfaed ofitHé dhaRed WaEndR SRy aenished as
plate of 20 x 40 x 2 (thickness) mm In this enbodinent, an alloy of
10 nmm (t hi baviagshe sasfanedeughpness aihdiwnceniess fud shercwashatdybyracdtone.wi t h
formul ati ng B, Nd, Dy, Co, A, Pr at said conposition ratio and

t hen once gL by a known hydrogen grinding process and

continuously p r - i Li _ T i
cont niousl kg el ) AR BEAGE S TR 69
pr edet er i pastessingiappaneuslt end hhy ivagubeevapmRgR6tdssiry Blthalr daktibed

and forned to a predeterm ned configuration in a nold. The surface of
the si nt er aboveadnethis embodiments Héd(tan) hinfened magnetsr  aee placeghomredbe of

20 g mor |ess and .then. wash by acetpone. [0094 hen a ,...
perg}anent lprﬁib‘ﬁ’ég H’o\,\ﬁéﬁ ﬁg@%‘sgﬁﬁuﬁﬁéaf} X@Pﬁ%@%ﬁ@roéﬁﬁg@s@q’@m
appar at us S§ t e i1b .

T This enpam DR O FB YRR o B S e R g R B R
bearing gritht@dal hnd tthe tbiet weighiubflil ¢t ahtley mRpar dvapatdtigt htiteribNwas
addition bulky Dy of 99.9 %legree of purity was used as the netal
evapor at i nplased enithe baftam: fwwfacetod thepraghssing chamberf 2Q.he net al

evapor ati ng %ﬁri al was placed on the bottom surface of the
processi ng E er 20. [0095]

Then the vacuum chamber was once reduced to 1 X 10 “Pa (the

pressure in the processing chamber was 5X 107 °Pa) with activating the
evacuating means and the teﬁperature 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 900°C, the vacuum vapor processing was
performed for 2~38 hours at every 4 hour interval. Then heat treatment was
(r performed with setting the treating temperature at 500°C and the treating
time period at 90 minutes and searched for the vacuum vapor processing
hour (time interval) obtainable best magnetic properties {(optimum vacuum
vapor processing hour). |
(Comparative Example 4)
[0084]

In Comparative Examples 4a~4c, 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 Co-1 B-0.05 Cu0.05 Ga0.1 Zrbal Fe
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Then the pressure in the processing chanber 20 was set at |x 10-4Pa.
After the tenperature in the processing chanber 20 reached a
predeterm ned tenperature, the process descri bed above was perforned
for 12 hours. In this Enbodi nent 5, the sintered magnet S and the
nmetal vapor material V were heated to a substantially sane
tenperature. Then heat treatnent was perforned with setting the
treating tenperature at 600C and the treating tine period at 90

magnet i e pROPRPERETe e AL e e e AER R PR B Fnithe
processin glﬁhﬁﬁhg COZ@? me‘(ﬁéhﬁﬂeé 'ﬁn%lfo&ﬁ)@@.%f miP Qe 5100w ak A9EEY a
wi th average val Oes of sintered magnet en the vacuum vapor

pr ocessi ngknewn oEip GAkting dnettod Wk ooshathting FBi B, Nah I, iCtu,i Gaf BHag
that sufficient Dy atons cannot be supplied to the surface of the
si ntered négjdeomposition rafipandther oheseroundaby 800Owm iydtogentgrinding

coercive force i Hc,cannot be,effectivel [ roved...On the oth hand,
t he . maxi nuRTOSR% @dp%ﬁb‘&%”@hﬂ)ﬂ?z&’&ﬂ%ﬁe%yeﬁnm millng @é?@??'y%gﬁl? And
also the c Ly et Ie. d [ S ly
of “the Dy SrzelCmbBhee of 4 CrolBhipul URRHIRGARE or ) IR D i RO

surface of olitaénesl it eintering ghe bulhagizb® paedeivubler Prd dYsrimintd @S ditions
On the contrara/l,ﬂ it is found that a permanent magnet of high magnetic
pr oper t i esaftew haginghbegrnthagnetienteldyonierddd and Brjrek tofa predetearined0

VODe, e, SmEnenl ] LUk (SR Y S0l LS oD, L8 KO GG LU o
Cort O1sha g bk 3ot e R el Ml
| ayer was Whén bermralert mbhfgetswf the €opipash tive FRampigRi~4¢ Wiaboltained
71 10098] by performing the processing described above under same conditions as those
of the Embodiment 4 and searched for the optimum vacuum vapor processing
hour.
[0085)

Fig. 9 is a table showing the average values of the magnetic proiaerties
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

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

[o086]

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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As-a sintered nagnet- of Nd-Fe-B fam |y, a nenber having a

conposition of 25 Nd-3 Dy-1B-1 Co-0.2 Al-0.1 Cu-bal. Fe was used and
machi ned to a rectangul ar parallelopiped of 2 X 20 x 40 mm In this
enbodi ment, an alloy of 0.05-0.5 mm was nmade by a known strip casting
method with fornmulating Fe, B, Nd, Dy, Co, A, Cu at said conposition
rati o and then once ground by a known hydrogen grinding process and
continuously pulverized by the jet mlling process. Then a sintered
magnet S was obt ai ned by sintering t he pul veri zed pomder under

predet erm n magneti c Id or.il,ent ed
na For mad E3o8RS e R RRAl (DR B PERGCRAAT et anie SUlI PiEBass
t he si ntereq,fmgﬁg{,eﬁlmﬁeﬁb,ﬁwQﬁgnas havi ng the surface roughness of
20 g mor less and then washed by acetone. 10099] Then a

per manent nadA@87M was obt ai ned usi ng the vacuum vapor processing

apparatus 1 and he vacuum vapor processi ng net hod described above.
In this enbodi the gonirare 1A (Hha megnadent &a@eﬁﬁaﬁm Enabodimept 4e dlgis

on the beari 0 rt eac

on Lhe bear g 9tkat 2 Gt YERR0EnE: AR AL of sARInERE Bo and
the metal e\tﬁﬁ@h@thmHi@ﬁ%wm@n@eélaﬁn&@t PlriNehabte Qi id ﬁuﬁ& ﬁlﬁ% the
nmet al evaporating nateri al was placed on the bottom surface of

processi ng qieamiaaenﬂﬁaaﬁr@l@ﬁ]the Embddierent Hecama puevide gl eoercive bmeeof
reduced to 1 X 10 Paké pressure in the processing chanmer was 5 X
10- 3Pa) Wi t ﬁva@ae\ﬂsﬁ g2 &aéww}aertﬁgcmn@paharqcaw%%@%ﬁ dheuws
t he processi ng{'trgrg heated by the heating neans 3 was set at
975C...Then a er t erature in the processi ng chanber 20 had
reacl{ed 975C[ob&e] vacuum vapor processing was perfornmed for 1-72
hours. Then heat treatment was perfornmed with setting the treating
tenperature at ZG0Q@ asidtdreé trasmet ngf tINdFepBr fadilpt 200membet ebaving a

0101
[ ] 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
¢ 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 S
was obtained by sintering the pulverized powder under predetermined
( conditions after having been magnetic field oriented and formed fo 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.
[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 (fen) sintered magnets S are placed on the
bearing grid 21a in the box 2 equidistantly apart each other. In addition
bulky Dy of 99.9%degree of purity was used as the metal evaporating
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Fig. 12 is a table showi ng the nagnetic properties of the permanent
magnet obtained in accordance with conditions described above at
average values. According to this table it is found that a permnent
magnet havi ng the maxi num energy product (BH) max of 50 M30e or nore,
the remanent flux density Br of 14.3 kG or nore, and the coercive

force illc of 30 kCe or nore (or 36 kGe according to conditions)
coul d be obtained when the average grain dianeter is i'5 i mor
7--20,u m [Enbodi nent 8] [01021 As a sintered magnet of Fe B- Nd

famly not | , V. of 2

50, 0% ou- BIGEHEREE 8 oI £ 'Y BOaR FRPRSELORELE pefenelfas
al | oy of Opra'éem@hébmwa@ﬁmwbue ProcBsie hdrthBerc@®t i ng method with
forrrulatlng Fe, B, Nd, Gu, Ga, Zr at said conposition ratio and then

once ground Qﬁﬁﬂ:l known hydr ogen grinding process and conti nuously
pul veri zed by mlli ng gess Then a sintered nma ne (tﬁ
e

rect angul ar gﬂlle'? VB@HHBfC mbei) Was, nchm IpgEcedh i he .
sintering sHH:J AR AR LS o B £99HCE PLYIRH £ A g&@&sﬁ%ﬁx‘?r

havi-ng been magnetic f or rre m né

conf i gur at tlnpideessin® cHambbe w%é@eﬂ@@ 108 10 TPPas IAfteErrtm t@Eﬂi&@étu@e W8 $he
finished as haV| ng the surface roughness of 20,a mor |éss and then

washed by amesmag choxdRt 20 reachidm zprg@tmnmﬁ temgrerhtivendle pro@ssed
usi ng the vacu or proces ng appar s 1 and th uum vapor
processi ngyi ErYE’B%cPeé red o %iﬁ@uéﬁbﬁﬁth’énﬁmbfé%?@n the
sintered qgﬁg b ox 2
eqwdl stantly apaéf %tpé;o ert%l{r]lﬂgad? q%%rek% ?{%&Qgﬁ%ggr%e
purity mtyﬁﬁﬁlnﬁ%ahiéetm@btmameﬁthm t@@étﬁiéxﬁ'w@@@eﬁbﬂn&&tvﬁ%h
WEI ght of 1 g of the nmetal evaporating material was placed on th
bot t om sur $ettimgdahetthentrpteaspirature s iterC 2md {l@lidddting time pélim;haft 2 ]
vacuum chanher was once reduced to 1 X 10 Pa (the pressure in the
processi ng™@RY®Ser was 5 x 10' Pa) with activating the evacuating

means and tt}tfb ﬁrrperature of the processing chanber 20 heated by the
heati ng nea &was set at 900t. Then after the tenperature in the

processi ng chapheri®?8s Q.aﬂa‘rﬂ@%h@@n§(b@bra%?h€al\i§§ WM ARc Pr&eRtiss g

was performed for 2-38 hours at every 4 hour interval. Then heat
t r eat ment pmwﬂtonagmbtmhensféattem@er&tam methd mceﬁh@dﬁﬂmb@ 20 wB90t

Vacuum vapBRr St acdmet ondep I E e e o e Elbge! Ratpred
E;g'rorglr te' g)sm(a%%t W RS VAT AR ok %&%&h&%&oﬂ&)carﬁg& %B%”@écbi’cﬁng 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
( the coercive force iHe cannot be effectively improved. On the other hand, the
maximum energy product (BlDmax 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 energy product (BH)max of more than 50

MGOQe, the remanent flux density Br of more than 14.3 kG and the coercive

force iHe more than 22 kOe was obtained when the temperature of the
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10105] I n Conparative Exanpl es 8a-8c, sintered nagnets each

havi ng a conposition of 28 Nd-1 Co-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe
(Conparative 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 8c) 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, GQu, G, Zr at said conposition ratio and then once

ground byreceksiognchaysie?0Z weté R6f AP aPFAgRSS SOWICEOIUSNTIONS Ithis case
pul verized by the jet mlling process. Then a sintered magnet of a
r ect angulstncepdy dayes| wps potl fame)) en 2y sunibcernf windexsid: mageet wyd there

i ng A RBHLT PR HILIoCBA AL DR etB e Maoat ADed R

confi gur j Lhtered magnet S was
fini Is%gd%@q&g\#ggﬂégsseﬁrﬂ%g%%%p%%ﬁﬁgérsﬁ(?&%%&p. m or Igess and then

washed by [BafHodivaentl®fn per manent nmagnets of the Conparative Exanples

8a.--8c was obtained by perform ng the processing described above

under samt0@¥Hditi ons as those of the Enmbodi ment 8 and searched for

the opti num vacuum.v%&o rocessi 13 is a
ﬁée

tabl e showi nd e $P : : Esog%@%%ﬁ&g&gg]ﬂpr%wg e3?9Pe 2
per m”e”E8%9& 5 8Py B'Pr-ﬁhﬁagt@?db A8 FOIRRT ldd’ ©This

Exanpl es 8a---.8Cc as we as eva I on of 'the corrasion resistance.

Magnet i ¢ nsaber ha@ stshrdro Og chiny af BOD0PHRP AhdVeeRsS ffiin dlahéRr pf dsent
ig«/enti on was performed are also shown in the table (Fig. 13). The
100 hour sat andt wes vapehined desamlatengl 203¢4Q P2ebbinkvesd oar. Ire shis
PCT) was carried out for t corgosion resistance test. [0107]

Accor di ngtsdiRFE. @art ey ¢ 1D mis|thikness) sanmads e Endres cpsitugal

per minentcag%?él ﬂe%h&&%i@ﬁ?&%ﬂt&x\i’ﬁeg%ﬁgﬁ{iﬁﬁ¥,% 29, PP gjc HA8 cgﬁxg)]psition

gener ation corrosion I's not he’test despite

per f or m Rgtib hend atibh eneaPFouRHOBE S5 I@wal hiyifogehegAAlingnyedtbbdANd
However, although they have high corrosion resistance, it _is
i npossi blcentinutizaly palveriped dyctheijeemibingeprabess. Then i sintered eragakt 6f

TR el NEN O RN R SR
Co cont e'?:[)nai@io'ilgeaﬁgfrﬁ%ﬁ}iﬁé Ofken Q&érf)g?hjetic 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 x 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 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.

[0095]

Then the pressure in the processing chamber 20 was set at 1X 107 *Pa.
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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

i ncluding no Co and thus it has high corrosive resistance.
Furthernore it is found that the permanent magnet can provi de high
coercive force of average 18 kCe after a very short vacuum vapor
processi ng such as 2 hours. [Enbodi ment 9] 10109] As a sintered
magnet of Nd-Fe-B famly, a nenber machined to a sheet (20)< 40 Xi
(thickness) mm) having a conposition of 20 Nd-5 Pr-3 Dy-1 B-1 Co-0.2

Al-0.1 Cushal the tempachtRy¥e IR g S¥oabdbitt MBhSdr T reb@hbd a WR8ddtsRHineldn

this enbodi nent, the surface of the sintered magnet S was finished as
havi ng t Hempardtare the pgbeees desdritizd ghiove wasmelrfsmedfdr 12 doursadhebisby

acetone. J0110] Then a per manen gnet M was obtai ned using the
vacuum va“-[p}B%"‘gF’c%'és’%ith@ Saﬁaﬁ%e?’a@agnat %ﬁgﬂtﬁ%@ waka FRPon Faterab ¥ ekereng
net hod d ' b, [ ' ' sintere nets
S s pi Saipd 80, £ iRyl Suflbadb MM, | Bhost e chRARER, ThAY
apart eaghrfihed. witheetenp eha ttkiRingf ki raturtefte600mosned thd $R)atingan
be vari egéby heatilng orﬁig%ol i ng the bear irng grid 2la. In addi tailg%aDy
of 99. 9%duye period ap AP imipuieess used as the netal evaporating material

V. The rretlab%éal;/aporati ng material has a granular configuration of 2
nm c¢5 and otal weight of 5 g of the netal evaporating materi al

was placed offhe; Bot) ARUERGRg dverige RAREESS RthetBAIYSopaties! §111]
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 fo 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 Br, and also
the coercive force iHc were reduced because of execessive supply of the Dy
atoms at a temperature exceeding 1150°C. In this case the surface of the
sintered magnet was formed with Tb layer.
[0097]
( On the contrary, it is found that a permanent magnet of high magnetic
properties having the maximum energy product (BH)max of more than 50
MGOe, the remanent flux density Br of more than 14.6 kG and the coexcive
force iHe more than 21 kQe (or 30 kOe 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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Then the vacuum chanber was once reduced to 1 x 10 Pa (the pressure
in the processing chanber was 5X 10 'Pa) wth activating the
evacuating neans and the tenperature of the processing chanber 20
heated by the heating neans 3 was set at predeterm ned tenperatures
(750, 800, 850, 9000 and the vacuum vapor processing was perfornmed
for 12 hours after the tenperature in the processing chanber 20 had
reached a predeterm ned tenperature. [0112] Fig. 14 is a table
showi ng aver age .val ye f netic properties of permanent magnets
when the PURRHEOR #a%‘%jﬂdgz 8&%%@6‘%@&-%@%3&5?@%% and
tenperatu he. p | ‘ 0 _fa i y | 1.
evaporati IE?Si(:Hnjante?air ?%I : &)%%gm&tgﬁ%lgtb%?%g&?ﬁgeée%g gtél}?g % r@f]{r;?ie@et 8
nmagnet . Ag@bbpdinittt] 8ntdllcy dfaRbE~IG5 nsmfwadehddeaby & bh@hn GHEH Ca¥Eng
force i Hc cannot be obtained if the tenperature of the sintered
magnet i smieblvet withafor@sdating Ea, Bndld EypEoatlirGuian saitbcpnpeétsen natio
chanber is 750"-900r and on tﬂf other hand,, if the tenperature of_ the
si nt er ed %%n e} ONfegIREPURhaRY 31 ewnngwdmegl (arindiggs ereesy ok
| Hc but t ' : t

density eI BOSHABY PR ik AT BIBRC iR 4 BERARH magidt o
per manent waBgstthimdid bygBiniBanet tHe PLBReIZHEHoRaN NthdelCpredBidriiifidd
energy product (BH)max of nore than 48 MXe, the renmanent fl ux
density Brondfitiomy exfterahatingk Beemdmapretiodiadil veriéntede andicfornred tdham 21

kCe 27 kOCe di t diti Id Db t aj ned at
of 8(()8rC AP &le?]lc].[(io I g:,.g'%figgggla Ilngﬂf )Th%Oslillr?ace eof %Be g}nriggredamagnearta}é]ge

( was finished as having the surface roughness of 20 u m or less and then

washed by acetone.
[0099]

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 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~ %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 afier the femperature in the
processing chamber 20 had reached 975C, 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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[0113] As a sintered magnet of Nd-Fe-B famly, a nenber having a
conposition of 25 Nd-2 Dy-1 B-1 Co-0.2 A1-0.05 Cu-0.1 Nb-0.1 Mpd-bal.
Fe was used and machined to a rectangul ar parallel opi ped 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, Dy, 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 magnet S havi ng average grain dianeter of

inder pr edet R HRdEconenEr iRy B haGedk botePied AL RS DePBRRER:
ori ent ed rﬁﬁgnétoéﬁf&ﬁleﬁouﬁa&r&&?ﬁc%rmtﬁe&nﬁ%ﬂsg&és%h‘b dH3ve a(:%{ vzl

The 02content of the sintered nagnet S was 50ppm e surface

SI nt er ed vageretAcBomiasg o thshadlas isafsing thhneawﬁﬁmnt augee havidg 50
m or &lgr:é and then washed by Setone ({/0114 Then a

permanent AR W frergh PAPGHCE (Bﬁ Xt 9feb Mﬁ@mwa:p@we, rbh@af@@ane@:

appar at u V. roce
T this. chbBeRahl Br BT TR e el S e SRR SR AT RSy
on the beabidr 36 Kb@&@eomintg% cwﬁdﬂmﬁs?ccﬁﬂ&'bglo%ﬁ%a Yo iRAhe £RE
other. In addition an all oy of 0O Tb was used as the taI
evaporat|grglmdnamatailsahd5grmml7a~r20mnnl evaporatl ng material of 2 mm
cb of the hotal ., weight of 5 g was placed on the bottom surface of
t he pr oces[ 20. [01151 Then t he vacuum chanber was
once reduggggé 1)< 10 'Pa (the pressure in the processi ng chanber

? wi th activating the evacuating neans and the

was 5 X 1
t E(S[rper ature ofs hNanpieE eRshd GMPIBENG 28nhiRAhediRudiBe Beal ngnpBAans

3 was set at 975t. Then after the tenperature In the Processing
chanmber Jfavinagl arcoagivetiod7&t 28 Niﬂel \Ba0.06Cw-aidr Gpriot EsdiahgFaveas used.
performadI fq{i 1-72 hours. Tgﬁ at treatnment was perfornped with
setting tRetls emhadynerty SELLO neoe~dha wre Ve aaein §yt 2 dmoper i od

at 90 m r]s%iﬁscasltﬁggl%]nethod with formulating Fe, B, Nd, Gu, Ga, Zr 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 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 z m or less and then washed by acetone.
{0103)

Then a permanent magnet M was obtained using the vacuum vapor
processing apparatus 1 and the vacuum vapor processing method deseribed
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]
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Fig. 15 is a table showing the nagnetic properties of the permanent
magnet obtained in accordance with conditions described above at
average values. According to this table it is found that a permnent
magnet havi ng the maxi num energy product (311)nmax of 51.5 M3Ce or
‘more, 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 ) mor 7--20 m [Enbodi nent 11] [0117]

As a sinteredymagnet of Fe-B:Nd.fam |y not including Co, a r
having a co Pt?lb% VaFeusm chambpr Wag qgcg s Pﬁfgdﬁ @(@14%3% Fe
was used s | AER o} f= 04853 - de
by a kno%éés%%l??dﬁcggé??g% ne%lﬁo%%vﬂek ?6%‘?%%%»[8 i nggﬁl%%c%@,ﬁ%a,
Zr, Pr akevaaiadingonieass aharthe abngefditrd bEtheOpRRe @it BthRleo2k Bexvad
hydrogen _gri ndi ng process and conti nuouerB%/ pul verized by the jet

. e

mlling pydkedeatnganeansy was el ated)0dt. Dhematter thmtprhperature in the

| I el opi ped _of .5 2 4 ined b i nteri t.h
ol ver | 2 BTOBSHBEChARREF 29 bt AP 980 Conbt E RO JAPEE DHIGEE Bt
"5 ot A GpSedbeD 58 1AM SEMEY 4 B BEAYEL B K @l 6AL' O

havi ng t perforimtaceith Gegtime she efcalidhgMetipdrefifre A d50(IE NaR S Bre¥ing
acetone. [0118] Then a pernanent nagnet M was obtai ned using the

vacuum vapes Psriodeats PAgnuppes andssenrelad foretheavammmy appor prowesisgng
S are. pl J008 (B FUSHED: pRgUeitie BEamATEHe HUEP e SORARG! SEaRtRy
A e LN B AR N L
t he met akCemppratiid Bgaipless)i al was pl aced on the bottom surface of
t he pr oceigi&% chanber 20. 10119]
In Comparative Examples 8a~8c, sintered magnets each having a
composition of 28 Nd-1 Co-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe (Comparative
Example 8a), 28 Nd-4 Co-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe (Comparative
Example 8b), and 28 Nd-8 Co-1 B-0.05 Cu0.05 Ga-0.1 Zrbal. 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
( 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 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 » 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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Then the vacuum chanber was once reduced to 1 x 10 ' Pa (the pressure
in the processing chanber was 5 x 10-2Pa) with activating the
evacuating neans and the tenperature of the processing chanber 20
heated by the heating neans 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

sear ched #8¥rt he vacuum vapor processing hour (tine interval)

obt ai nabl erPgyly nmagnetic properties (optimum vacuum vapor processing
hour) . (CoFrpargtive Exanpl e n) [0120] I n Conparative Exanpl es

| la-11c, sint Bied3mBanabl SRRANEING 8cihof VAR dfitRE ntferéfic pr‘lertiBE -1
Co-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe (Conparative Exanple 1l.1la), 21
Nd- 7 Pr - 4o petmBaéni) magneds @btaacd.ih Zhe FEaxhbodimepCoRpardatGoneparatingl e
11b), and,.21 Nd-7_ Pr-8 Co-QJ%B-O.OS Cu-0.05 Ga-0.1 Zr-bal. Fe .

( Conpar at P58 8¢ £8)well ag eyalagtign of the cpmosignmegistances Magngting

famly in i aml e an_al | of 0.05 nNm, 0.5 mm
was. made ByPEERR fitord Pod ES8wR \3R: BRosBipBiet Phe Bty dg i toravaR
Co, Qu, GRerfé¥medhiresthlss 8hélwA HERStdblO (Fikai $)OTaEd 0b MRAr QAREaOHREr DY
a known hydrogen grinding process and continuously pulverized by the

jet ml|ipipspuviciags testh&reasimienCoolest MhgtiePCH) was emireindudwir for the

paral | el opi ped of 5§ x 20 X 40 nmm was obtained by sintering the

pul ver i zeBPIFORAR Fesl§i@BEe thskdet er mi ned conditions after having been

magneti c fhﬁhddnori ented and fornmed to a predeterm ned configuration
in a nold. e’surface of the sintered magnet S was finished as

having the supt@sRingOHOtRIESALR! (28 PIIMiOLs f08nd B¢ lteNtheasdathent
acetone. Then pernmanent magnets of the Conparative Exanpl es

11a- - - - 11magmetotbhai Gevhphyatrey flinanmplgs t $e~p8o deslsidag Cde menetribraby e
under sane conditions as, those of the E_nbo?i nment 11 and searched for
the opt i nERFFQHEER dsnnghyasbler B Bies ey despite of peplprming thervgcuurg yapop

t abl e shoyj . |,u . th ti enties of ..

por mmnent Phaararg G PAL Haddh FiveRhioho dTAEREE] shuRheRTk e, den
Exanpl es Barrdeién @8si¥Rinke % i8\dlpdadibRNtoChaveNs 168K cOSIcRR fof®l when¢Re
Magnetic properties before the vacuum vapor processing of the present
i nvent i ontimesinpenvhbofrdw weaual sapehooressmgtisehortidrel (Hei qpliniéin. vapoe

sat urated vapor, pressuri zi test (Pressure Cooker Test: PCT) was
carried oBFOCRSSIEETRe iR EETH (b i‘%lsla ex&eeéﬁgo 1 ACEPTARBGAW HDiAEag Se

period of of bgﬁon&géﬁ?lhe 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 kQOe 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 40 X1 (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 7y m was used. In
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According to this table (Fig. 16), it is found that since the

per mmnent magnets the Conparative Exanples ha 1lc include Co,
generation of corrosion is not visible in the test despite of
perform ng the vacuum vapor processing of the present invention.
However, although they have high corrosion resistance, it is

i npossi ble to have a high coercive force when the tine interval of

t he vacuum vapor processing is short and the optimum vapor processing
time interval (hour) will be extended in accordance with increase of

Co cont erthid embbdneatpidei suirfate of {KEldBiered magdet Sheashnishad s havinke
per manent magnet of the Enbodinent 11, it is found that no corrosion

i s not vitépshefage reehnges eledl 1 peepleseand therxwashedybnacatoneand t hus it
has hi gh c‘lﬁg @Zi ve resistance. Furthernore it is found that the
per manent 5 t can provide high coercive force of average 20.5 kCe

after a very mhgy CAHHD, r i :
[ Enbodi meYntylz] [%1‘32%1 VaREndt 3z %‘S‘Sﬂg‘%ﬁ% %}ﬁg%?“émf‘é?ﬁ‘iry,

menber heproespsingcapgroatisd drandf th2Ovddkut Papdr Probeésing AdetBod des@iliddl
Zr-0.1 Sn-bal._Fe was used and (mzﬁcmn_ed to a rectangul ar
par al | el GopedinfhisemndbabimgnolGniienh sitipredemsguereftwasiplacedon thes

made by known centrif.ug stin thod with fornul ating Fe,.B,
Nd, Pr, i]e’an@g, g?ﬁ %g% T (H%%i Oci&??%gg?ﬂ}nglﬁ“?ﬁ%l?oa 314 23N OBTe eound
by a kno | el 25R% t'mﬁ}- I y
the jet Vﬁﬁ#%ﬂg?ggg&iﬁﬂ%}g%&g SI n? %Sr@gg;aﬁrm%&n%t S aé?%%gékgog%gb

grai n di abetbeariof grid2ia. dandditicai Dedf BY.9%6 dueged ofpidiy wad vesd zethe
p er under predeterm ned conditions after having been nagnetic
fi‘el d orimeladavanmaatiog materigl ¥. Phe metelqvaneratingmatarialtiosm gnanularp| d.

Two sanpl es.of the sintered net s_wer.e ong. .of i,ch i s that
obt ai ned SPERUTH LY S BR AyR Bece ek YRR P P B YaRSratyti ¢ ne
other I's thfthid) 4s NAQA R HeHortool ifacd dF the pROGESIAL ABRGer FHOCAI Ler
sintering (Sanple 2). The surfaces of these Sanples were Tinished as
havi ng t hd03lx) ace roughness of 20 amor |ess and then washed by
acetone. [0125] Then a pernanent magnet M was obtained using the

vacuum vapor Hiesc 88 yagusph shamber 1wan Pncperadicedinioy 4o pr Saeddieng
e 100 SRRy ol BRI IR OO R bt
R e

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.
[0112]

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 sintered
magnet. According to this table it is found that a high coercive force iHec
cannot be obtained if the temperature of the sintered magnet is lower than

800°C when the temperature in the processing chamber is 750~800°C and
on the other hand, if the temperature of the sintered magnet is higher than
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material V. The netal evaporating material has a granul ar
configuration of 5 ramO0 and the total weight of 20 g of the netal
evaporating material was placed on the bottom surface of the

processi ng chanber 20. [0126] Then t he vacuum chanber was once
reduced to 1 x 10 Pa (the pressure in the processing chanber was 5 X
10-3Pa) with activating the evacuating nmeans and the tenperature of

t he processi ng chanber 20 heated by the heating neans 3 was set at
900t. Then after the tenperature in the processing chanber 20 had

r eached alm(é’ﬁetrxbt ronhe dhe expried tioree iHieehbwiachy mMasdmuin RHOEHS Prdthcras
perforned,f 6 hours. Then heat treatnent was perforned with setting
a treat meFB 5@% andithe semanentofley dersiti Bearealsocedungd: Qe the caniraLy,

ti 127 7 t abl h
tverane v idtufi SR 2 perbatdls magpelohich mhSadic DREret b aNEs theie
per manent IBGAGH kiRt fidAGE BIMmhR St GIREHRIH 1S Mbd!,ﬁ%etfeﬁﬁhﬂéﬁ@t

after the vacuum vapor processing being varied in a ranig

400t - 700Cfluknlenbity Bangl moﬂe thztn b4&G and Itb@h&i‘cﬁ*btfefceslm mbrenﬂa,axi be
coercive force i Hc was snma (52 kOe) and it was inpossible to
obtain a b@ﬁr{ﬁhgﬁﬂi%@tmﬁam AR tlﬁnsjwoulﬂeb%ebﬁ@mﬁ%fea rangecfF00°C

t hough t he_ e 1 was heat treated after the vacuum vapor

processi ng ‘he contrary, in the Sanple 2 heat - treated after
sintering, [Bbbdinidin@]t hat it was possible to manufacture a

per manent magnet having a |large coercive force illc (18 kOe) (26.5
kOe accord[@id3fo conditions) when the Sanple 2 was heat - treated
aLger t he vacuum vapor processing althou%k; its coercive force illc is

(12. 1 kée) apsiiered Haagaelurh WiBe bhrfasilsi ag mquebayo diaving q3]

omver natPRoated bR RTROT B Ued'd AL0.0b ERP 3 hnbg ME LT e

Zr-0.1 Moybad andenRRthdd® a rectangular parallelopiped of 20X 20X 40 mm. In this
embodiment, an ingot was made by a known centrifugal casting method with
formulating Fe, B, Nd, Dy, Co, Al, Cu, Nb, Mo at said composition ratio and
then once ground by a known hydrogen grinding process and continuously
pulverized by the jet milling process. Then a sinfered magnet S having
average grain diameter of 0.5 1 m~25u 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 y 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 total
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average grain dianmeter of 10 g mand nmachined to a rectangul ar
paral | el opi ped of 20 x 20)< 40 ram [0129] Then a per manent
magnet M was obt ai ned usi ng the vacuum vapor processing apparatus 1
and the vacuum vapor processing net hod descri bed above. In this
enbodi ment, 100 (one hundred) sintered magnets S are placed on the
bearing grid 21a in the Mo box 2 equidistantly apart each other. In
addition Dy of 99.9%legree of purity was used as the netal
evaporating material V. The netal evaporating material has a granul ar

confi gur ag,j: k and ot al ight of 20 g of the netal
evapor at ?‘;ﬁ%l%%g?feé %S’T%écepqa%%g%eh%orﬁ T gufleéﬁ? %hgmrpae(’sglq{gfchgﬁﬂ)er P
processi ndoghepber 20. [01301 Then t he vacuum chanber was once
reduced to a predeterm ned degree of vacuum (the pressure in the
processi ng cHh rthi evcamumns uthstaberi wiak yorreg batucefiato t1he 10aci®um (the

hal f-digit) wth, acﬁ%vati ng. t he evacuati ng means and the tenperature
of the priSESSEENE B RSRISSmanEATEbenFasne Wt iR Wihnactais 868 at

900C. Th i h i had
Ceached GypEad e Bk RO Wit il o B ORERR e SRRRREE 20chenB
Then heatbst f@ahéﬁﬂig HREND Y WaE BBat\b TS Thih Rted thé %@ﬁlggfl;ﬁrtgre %1})5}591]

tenperature at 550C and the treating time period at 2
Fig. 18 iproeessuig chashloen Hghad eeanged\T6{s shefvamagmetdpor proeesingesaf
e perpanent nmagnet is obtained with the

t t.s. wh t
Breregg Ereg R%?qu%dxsffa% &%Q?%Ea%e m'hen heat krpaimentwap pesiormetiwigh spiging
i t i | f. Ar int duct i j nt
e vacudticcREaRHe ity 4P AR Tpd P piind) b Eieg pf "

tf(at a penimitest nagnet havi ng the maxi num energy product (BH) max of
53.1 MXe or nore, the remanent flux density Br of 14.8 kG or nore,
and the cd@itéle force ilk of 18 kOe or nore could be obtai ned when

the pressure ﬂ',,n t he vac Lim chanber . )
ig. 15 1s a table showing the magnetic properties of the permanent

magnet obtained in accordance with condition__s 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 kG or more, and the coercive force iHe of 28 kQe or
more could be obtained when the average grain diameter is 1~5 u m or 7~20
pom.
[Embodiment 11]
C [0117]

As a sintered 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 5X 20X 40 mm was
obtained by sintering the pulverized powder under predefermined conditions

after having been magnetic field oriented and formed fto a predetermined
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11 is 1 Pa or less [Enbodi nent 14] [0132] - -As a sintered magnet
of Nd-Fe-B famly, it was used a nmenber 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
dianeter of 0.5 -25 g mand machined to a rectangul ar parall el opi ped
of 20 X 20 X 40 mm The surface of the sintered magnet S was fi ni shed
as having the surface roughness of 20 g mor |ess and then washed by
acetone. [01331 Then a permanent nagnet M was obtai ned using the
vacuum vapor processing apparatus (not shown) separately provided

with a evaqeigihiich HATRSN, PATTHLEAL! (18 Shi:led %&%@gﬁg&%ﬁ%ﬁ@ﬂ?ﬁ;

20 via a comruni cati ng passage and anotf her heatin eat 1 ng

evapor at i hgviagahbenrfacsrdugbnescof 20 v aparlesy Dokt gasiid®dacesss. i bed
above. In §his_enbodinent, 10 (ten) sintered nagnets S are placed on
the bearinB8ld 21a in the M box 2 equidistantly apart each ot her.

I n.addition % of 99é9°/g1|e ree of PB@H V\%s.us d as f.he netal
eva]E)prati ng sgﬁ%’? ::aP qu fi W&gﬁ?lv é}f%srkf ag‘be T8 L H%\“su“éng?agﬁ{ll ar
~configura :
evaporat i %ﬁg&ﬁ%t e%i g&ﬁ'{gss F}I g%&e %namlgboatptg or%} g%erg?%%eﬁlgﬁwtqﬁ%& ribed
evapor at i agpvehdntihis bmbodineas Ocel) gutaed anaghets % avb pdaved2on 1Rd 34

Then the vacuum chanber was once reduced to 1 x 10' Pa_ (the pressure
in the prbeadng ggdcHandetheaMe hore? equidistattln gpatioeasby othes In additgon
setting A ehlePE gL SPERRC B SBUEE P AY weRd b 0 B OIAROHEIDE ( ne
T AL e S 06 Ry R
setting tplacédopehaboitem surface of the processing chamber 20.

[0119]

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 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 setting the treating temperature at 650°C and the treating
time period at 2 hours and searched for the vacuum vapor processing hour

( - (time interval) obtainable best magnetic properties {optimum vacuum vapor
processing hour).
(Comparative Example 11)
{0120}

In Comparative Examples 11la~11lc, sintered magnets each having a
composition of 21 Nd-7 Pr-1 Co-1 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

Zrbal. Fe (Comparative Example 11¢) 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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of the evaporated chanber at a predeterm ned tenperature by the other
heati ng nmeans. The processing described above was perfornmed under
these conditions with introducing the Dy atons onto the surface of
sintered magnet S via the comruni cati ng passage. Then heat treatnment
was performed with setting a treatnent tenperature at 600C and the
treating tinme period at 90m nutes. [0135] Fig. 19 is a table
showi ng average val ues of magnetic properties of permanent magnets

wh th t de det

Ferper at uldiora; e i e n B P B G et STl iy HEE e o
nmagnet) WQd) MAGH, 78, Phst é'!ﬁ&tcbﬁhﬂoéﬁﬁﬁ%éﬁB ‘é‘hﬁ tﬂfento? ‘&rb}té Rown
chanber. Accor di ng to this table (F

per manent hwdgwmn breinding ph&esmmndurmﬁmabgylyppmﬁumzed Hilyl)ﬂ&x]atfmﬂﬁng
M3Ce or nore, hﬁwerranent flux density Br of 14 kG or nore, and the
coerci ve P5PeEs| Theny siexpdapagpgt %@%@guﬁf rasallglopned; af$ X 20 ¥ 40

evapor at 1 TCRARbRRSnRP BB A g e, AT AET PRivdEr SAIPE Pordiirmined
sintered wBaA@Ink Saftér havandhedh e J:Oﬁgd oh@hté?if A3 F6riubdd 6 Qf
Drawi ngs] 101511 Fig. 1is a emati c explanatory view of

Cr 0ss- secpredetefmined cpaﬁgmmmn maagmﬂld ke v eer @ftthie rsimteeat ﬂﬁl@ﬁ@t $ith

the present i.on is a schematic view of the_vacuum
processi ngva&pgmsgtﬁﬁsasr Bavisgr ?}@r ﬁ"-é@cec reaghnsse 4 4ty Fe R dessonand Hien

present | Wa%'%& %@’ acetone. Then permanent magnets of the Comparative Examples
( 11a~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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Fig. 3 is a schematic explanatory view of a cross-section of a

per mmnent magnet manufactured in accordance with a prior art;

Fig. 4 (a) is an explanatory view show ng defects on the surface of

si ntered magnet caused by machining, and Fig. 4 (b) is an expl anatory
vi ew showi ng a surface condition of sintered magnet nmanufactured in
accordance wth the present invention; Figs. 5 (a), (b) and (c)
are phot ographs each show ng an enl arged surface of a pernmanent
magnet manufactured in accordance with the present invention;

Fig. 6 is{812Hpl e showi ng the magnetic properties of a pernmanent

magnet manuf ea:t red i.n accor,dance wi th Enbodi t f .the present
i nventi on; n éfeg‘?onfr"?%” 1 {08, PerRERsRL FRagnR #&gﬁeﬁlmgo‘%iﬂ?ﬁér]tli dslsof a
er manen : eI ' : ' t he
P eoont TR JEPkcht st AsBECHAMERM IR IR O o

properti eadothud ipdiagehightcofRgiel rasipaiC Fulirtithriddra GE & drm@et it tthe
Enbodi nent 3 of the present invention; Fig. 9 is a table show ng
t he magn@®ermaperfpangheiscayfpravisierhiah eorrcivadorse ofraverfage 20r5ekiO¢ after a
accordance _wi.th Enbodi nent 4 of thelF) ese%m1 i nvention; Fig. 10 is
a tabl e SABUSRRTE VRCHYP JARPY Brospesies $1asd baWSer manent magnet
manuf aCtU[EﬂJHoﬁirﬁ@x‘ftofﬂance w th Enbodi nent 5 of the present
i nvention;

[0124]

As a sintered magnet of Nd-Fe'B family, a member having a
( composition of 20 Nd-7 Pr-1 B-1-0.2 Al-0.05 Ga-0.1 Zr-0.1 Sn-bal. Fe was used
and machined to a rectangular parallelopiped of 20X20%X40 mm. In this
embodiment, an ingot was made by a known centrifugal casting method with
formulating Fe, B, Nd, Pr, Al, Ga, Zr, Sn at said composition ratioc 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 5 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. 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~700°Cafter sintering (Sample 2). The surfaces of
these samples were finished as having the surface roughness of 20 4 m or 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 methed 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 Dy of 99.9%degree of purity was used as the metal evaporating
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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 nagnet manufactured in accordance

I nventi on; Fig. 14 is a table showi ng the magnet manufactured in

d HalY i : ' ' .tabl howi t t
ot ot oEARHETY Bhe metal ovirdradhve kiblibfiay SROMIRE SRR bee, |
t he nmagneimfa WndCthe flal Wed@R03020 &Cofl theembtdbvaporatidd thatdial $ad

tabl e showi ng the magnet manufactured i n accordance invention;
placed on the bottom surface of the processing chamber 20.

[0126]

Then the vacuum chamber was once reduced to 1 X 10~ *Pa (the
pressure in the processing chamber was 5X107°Pa) with activating the
evacuating means and the temperature of the processing chamber 20 heated
by the heating means 8 was set at 900°C. Then after the temperature in the
processing chamber 20 had reached a predetermined temperature, the

(‘ vacuum vapor processing was performed for 6 hours. Then heat treatment
was performed with setting a treatment temperature 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 after the vacuum vapor processing being
varied in a range of 400°C~700°C. In the Sample 1 not heat - treated after
sintering, the coercive force iflc was small (5.2 kOe) and it was impossible to
obtain a permanent magnet having a high coercive force iHe 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 iHe (18 kOe) (26.5 kOe according to conditions) when the Sample 2 was
heat - treated after the vacuum vapor processing although its coercive force
iHe is small (12.1 kOe) before the vacuum vapor processing.

[Embodiment 13]
[0128]
As a sintered magnet of Nd-Fe-B family, it was used a member having a

composition 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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Fig. 18 is a table showi ng the nagnet manufactured in accordance
I nventi on; Fig. 19 is a table showi ng the nagnet manufactured in
accordance invention; Fig. 20 is a table show ng the magnet
manuf actured i n accordance invention; Fig. 21 is a table show ng
t he magnet manufactured in accordance invention; and Fig. 22 is a
tabl e show ng the magnet manufactured in accordance invention. W th
Enbodi ment 8 of the present magnetic properties of a permanent with
Ermbodi "Enéve%agé g]a?nph?asnggger of 10 x m and machined to a rectangular

parallelopiped of 20X 20X 40 mm.

[0129]

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 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 900°C, the vacuum vapor processing was performed
for 6 hours. Then heat treatment was performed with setting a treatment

( | temperature at 550°C and the treating time period at 2 hours.
[0131]

Fig. 18 is a table showir;g 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 introduction into the vacuum
chamber. According to this table (Fig. 18), it is found that a permanent
magnet having the maximum 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 kOe or more could be obtained when the pressure in the vacuum chamber
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magnet i
magnet i
magnet i
magnet i
magnet i
magnet i
magnet i

properties of a permanent th Enbodi nent 10 of the present
properties of a permanent th Enbodi nent 11 of the present
properties of a pernanent th Enbodi nent 12 of the present
properties of a permanent th Enbodi nent 13 of the present
properties of a permanent th Enbodi nent 14 of the present
properties of a permanent th Enbodi nent 15 of the present
properties of a pernanent

11 is 1 Pa or less.
[Embodiment 14}
[0132]

As a sintered magnet of Nd-Fe-B family, it was used a member having a
composition of 20 Nd-5 Pr-3 Dy-1 B-1 Co-0.1 Al-0.03 Ga'bal. Fe and the
average grain diélmeter of 0.6~25 m and machined to a rectangular
parallelopiped of 20X 20X 40 mm. The surface of the sintered magnet S was
finished as having the surface roughness of 20 » m or less and then washed
by acetone. 7

[0133]

Then a permanent magnet M was obtained using the vacuum vapor
processing apparatus (not shown) separately provided with a evaporating
chamber communicating with the processing chamber 20 via 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 99.9%degree
of purity was used as the metal evaporating material V. The metal
evaporating material has a granular configuration of 1mm ¢ and the total
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 1 X10™
®Pa) with activating th_e evacuating means. Dy was evaporated with setting
the temperature of the processing chamber 20 (accordingly the temperature

of sintered magnet) heated by the heating means 3 at a predetermined
temperature (750, 800, 900, 1000, 1100, 1150°C), and setting the temperature
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wi t h Enbodi nent 16 of the present magnetic properties of a permanent
wi th Enbodi nent 17 of the present [Description of Reference nunerals
and Characters] [01521 lvacuum vapor processing apparatus 12 vacuum
chanber 2processi ng chanber 3heati ng neans

of the evaporated chamber at a predetermined temperature by the other
heating means. The processing described above was performed under these
conditions with introducing the Dy atoms onto the surface of sintered magnet
S via the communicating passage. Then heat treatment was performed with
sefting a treatment temperature at 600°C 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
chamber. According to this table (Fig. 19) it is found that a permanent
magnet having the maximum energy product (BH)max of 47.8 MGOe 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 kOe 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~1100°C.
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Ssi ntered magnet M pernmanent nagnet V netal evaporating material
53iiii  WHAT IS CLAIMED | S: 1. 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
predet erm ned tenperature and evaporating netal evaporating material
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
nmetal atons into grain boundary phases of the sintered nagnet in a
manner free fromformation of a thin filmof the nmetal evaporating
material on the surface of the sintered magnet 2. Method for
manuf acturi ng a permanent nmagnet of claim 1l wherein said processing
chanber is heated to a tenperature in a range of 800t 1050C under a
vacuum condi ti on when the sintered nagnet of Fe-B-rare earth el enents
famly and the netal evaporating material having a printiry:

coni ponent of Dy are arranged in the processing chanber,

[ Brief Description of Drawings])
[o151]
Fig. 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
performing the processing method of the present invention;
Fig. 8 is a schematic explanatory view of a cross-section of a permanent

magnet manufactured in accordance with a prior art;
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. 3. Method for manufactur. ing a permanent magnet of claiml
wherein said. processing chanber is heated to a tenperature in a
range of 900C- 1150t under a vacuum conditi on when the sintered nagnet
of Fe-B-rare earth elenents famly and the netal evaporating materi al
having a primary conponent of Th are 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
sintered magnet to a tenperature in a range of 800C-1100t: heating
and evapor at i ®g.t ddahid ah epdpetaty ogw shivehi adefidis londihegsaifadeestst
one of Dy and Tb arranged jn said, processing chanber or another
processi ngHh ﬁgﬂ%ﬁ%@%ﬂpg‘m ining apdobier i (bhisiancexnlqnateryayiew
metal  at ongo RO, Siera S GG Phr LG8 ?}a%%gpm@gﬂ% ed in acoradg:nod
for manufacturing a pernmanent magnefr 0 alm 1 or b rconmprising
steps of avitlatlg prgsdritansémioar ed nagnet of Fe-B-rare earth el enents
famly in the roczési ng cgasnber' heating and evaporating the netal
evapor at i ng & p&r: (I @pdde)ge ahotogranthsgaeh phovring aneriareed panfeped i n

Cermperaturh | A pantt mibe ot G LR PRr AR S’ Ref et

sintered ragmiont 0 a predeterm ned tenperature; and supplying and
depositing the evaporated netal atonms onto the surface of the
si ntered nagndig. 6 is a gablgeshnstingofhenmeghelic propeyties € rampeemanenignet

253(3‘%? et el g A EbThelao? i ERBUERAET, o Wpoeene

si it er ed npghgionand the netal evaporating material are arranged in
the same processing chanber. 7. Method for manufacturing a pernmanent
magnet of any Fime? df &|tgblesshowing cthghmvagnetior preperenfof tah permandnt

area of {IERE kR SHARBaHL I PP ARSHe Tt o Breki h gt dHanbErte. set
in a ranggn@ntiby; 10-4-2 x 103.

Fig, 8 is a table showing the magnetic properties of a permanent
magnet manufactured in accordance with Embodiment 8 of the present
invention;

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

(I 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 magnetic properties of a permanent
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8. Method for manufacturing a permanent nmagnet of any one of clains 1
--7 wherein the supplying anobunt of the netal atonms is controlled by
changing the specific surface area of the netal evaporating materi al
arranged in the processing chanber to increase and decrease the
anount of evaporation of the metal evaporating nmaterial under a
constant tenperature. 9. Method for manufacturing a permanent
magnet of any one of clains 1 8 wherein the pressure in the
processi ng chanber is kept at a predeterm ned reduced pressure before
heati ng of the processing chanber containing the sintered magnet.
10. Met ho i@ i . i wherein
the t errpe?%%ﬁegr?n t hg&lgé%ggs%cﬁl?agﬁgﬁ)&ehr %ﬂfﬁﬁgﬁgﬁ gk g}" gope)f'e%ern% ned
t enper at unevenftiosi reduci ng the pressure in the process chanber to a
11, Method for manufacturing a permanent

predeterm ned%eis%ur e. ) !
magnet of anyfheldf® @ tablg showme,rhe @agnetie Mppertios offa premanenter ed
magnet 1s i i : .1 pr.ocessi ng
chanber cﬁgg‘?ﬂ% t gtug‘fsdn'?lgre &%%6%31&[ eﬂ,ﬂﬁ%@ﬂﬁ ﬁggﬁ? (Hresen%
manuf act uinvegitianper manent nmagnet of any one of clains 1-11 wherein
heat treatnent, of_ fhe siqr}:)ﬁered magnet is performed, at a tenperature
| oner than slti ég-t]eérrﬂy%ﬁﬁ % Shevilie ther magnpidc tprepartiesilof & pewminend
grain bou%l)é PhaSEs i d gRet. . 1 hod f or
manuf act uri ng 5 per naﬁg%%é Er%ggaﬁ&edt}h%ceéaﬁéﬁoﬁglbgfhnﬁn&i ﬁ?s og/%% RAREFEI n
t he sint eimdnmiaghet has an average di aneter of grain oil
' - Sunor 7prr20p%‘m . ) )
1g. 16 is a table showing the magnetic properties of a permanent

a m

C 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

invention;

with Embodiment 12 of the present

Fig. 18 is a table showing the magnetic properties of a permanent

magnet manufactured in accordance
Invention;

Fig. 19 is a table showing the
magnet manufactured in aceordance
invention;

Fig. 20 is a table showing the
magnet manufactured in accordance
invention;

Fig. 21 is a table showing the
magnet manufactured in accordance
invention: and

Fig. 22 is a table showing the
magnet manufactured in accordance

invention.

with Embodiment 13 of the present

magnetic properties of a permanent

with Embodiment 14 of the present

magnetic properties of a permanent

with Embodiment 15 of the present

magnetic properiies of a permanent

with Embodiment 16 of the present

magnetic properties of a permanent

with Embodiment 17 of the present



14. Method for inanufaCturing a permanent nagnet of any one of clains
1--43 wherein the sintered magnet does not contain Co. 15. A
per manent nagnet conprising a sintered magnet of Fe-B-rare earth

el enents fam |y and manufactured by evaporati ng netal evaporating
material including at |east one of Dy and Th, depositing evaporated
metal atons onto a surface of the sintered magnet with controlling a
suppl yi ng anount of the netal atons; and diffusing the deposited
nmetal atons into grain boundary phases of the sintered nagnet in a
manner free irom_fo_rmation of athin filmof the netal evaporating
material on tHeEtREE Referenre ympraleamd fehpraeters] 16, A per manent
magnet of cl fﬂ)iﬂﬂG wherein the sintered nagnet tas an average
dianeter of grain of 1 ne-5 g mor 7 it ne-20 M 17. A pernmanent
magnet of cl aim 15 vecuukh vaparabesking sppatgned. magnet does not
contai n Co.

12 vacuum chamber
processing chamber
heating means
sintered magnet

permanent magnet

< B U w »

metal evaporating material
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WHAT IS CLAIMED IS:

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 predetermined temperature and evaporating metal -
evaporating material inchiding af least one of Dy and Tb arranged in said
pro;:essing 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 t-ii_fﬁlsing the deposited metal atoms info grain boundary

phases of {he sintered magnet in a manner free from formation of a thin film of the

metal evaporating material on the surface of the sintered magnet.

2. Method for manufacturing a permanent magnet of claim 1 wherein
said processing chamber is heated to a temperature in a range of 800C~.

1050°C under a vacuum condition when fhe sintered magnet of Fe-B-rare

earth eléments Afamily and the metal evaporating material _having. a prnngry K

o

component of Dy are arranged in the progessing chamber.-

3 Method for manufacturing a permanent magnet of claim 1 wherein
said processing chamber is heated to a temperature in a range of 900°C~
1150C under a vacuum condition when the sintered magnet of Fe-B-rare
earth elements family and the metal evaporating material having a primary

component of Th are arranged in the processing chamber.

4, Method for manufacturing a permanent magnet of claim 1 comprising
steps of arranging the sintered magnet of Fe-B-razre earth elements family in
the processing chamber and heating the sintered magnet to a temperature in

a range of 800°C~1100°C; heating and evaporating the metal evaporating
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material including at least one of Dy and Tb arranged in said processing
chamber or another processing chamber; and supplying and depositing the

evaporated metal atoms onto the surface of the sintered magnet.

5. Method for manufacturing a permanent magnet of claim 1 or 4
'comprising 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~1200C 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.

6. Method for manufacturing a permanent magnet of any one of claims 1
~5 wherein the sintered magnet and the metal evaporating material are
arranged apart from each other when the sintered magnet and the meifal

evaporating material are arranged in the same processing chamber.

7. Method for manufacturing a permanent magnet of any one of claims 1
~@ wherein a ratio of the total surface area of the metal evaporating material

'to the total surface area of the sintered magnst arranged in the processing

chamber is set in & range of 1X 107 4~2x 103,

8. Method for manufacturing a permanent magnet of any one of claims 1
~7 wherein 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 temperatuve.



Pt

9. Method for manufacturing a permanent magnet of any one of claims 1

.~ 8 wherein the pressu.re‘ in the processing chamber is kept af a

predetermined reduced pressure before heating of the processing chamber

containing the sintered magnet.

10. Method for manufacturing a permanent magnet of claim 9 wherein
the temperature in the processing chamber is kept at a predetermined
temperature after reducing the pressure in the process chamber to a

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 manufacturing a permanent magnet of any one of clauns
1~11 wherein 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.

18. Method for manufacturing a permanent magnet; of any one of claims
1~-12 wherein the sintered magnet has an average diameter of grain of 1y m

~B5pmor7pm~20zm.

14, Method for manufacturing a permanent magnet of any one of claims

1~13 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 metal evaporating
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material including at least one of Dy and Tb, deposifing evaporated metal atoms
onto a surface of the sintered magnet with controlling a supplying amount of the
metal atoms; 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 surface of the sintered magnet.

16. A permanent magnet of claim 16 wherein the sintered magnethas

an average diameter of grain of Lpm~5umor 7p m~20 2 m.

17. A permanent magnet of claim 15 or 16 wherein the sintered magnet

.does not contain Co.
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