SPECI FI CATI ON PERMANENT MAGNET AND METHOD OF MANUFACTURI NG SAME

[ Technical Field) 100011 The present invention relates to a

per manent nmagnet and a net hod of manufacturing the permanent nagnet,
and nore particularly relates to a pernmanent nagnet havi ng high
magneti c properties in which Dy and/or Tb is diffused into grain
boundary phase of a Nd-Fe-B based sintered magnet, and to a nethod of
manuf acturing the pernmanent magnet. [Background Art) [0002]

SPECIFICATION

PERMANENT MAGNET AND
METHOD OF MANUFACTURING SAME

[Technical Field]
{oo01]

The present invention relates to a permanent magnet and a method of
manufacturing the permanent magnet, and more particularly relates to a
permanent magnet having high magnetic properties in which Dy and/or Tb
is diffused into grain boundary phase of a Nd-Fe-B based sintered magnet,
and to a method of manufacturing the permanent magnet.

[Background Art]
[0002]}

A Nd-Fe-B based sintered magnet (so-called neodymium magnet) is
made of a combination of iron and elements of Nd and B that are
inexpensive, abundant, and stably obtainable natural resources and can
thus 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 Nd-Fe-B based sintered magnets have been used
in various kinds of articles such as electronic devices and have recently
come to be adopted in motors and electric generators for hybrid cars.

[o003]

On the other hand, since the Curie temperature of the above-described
sintered magnet is as low as about 300°C, there is a problem in that the
Nd-Fe-B sintered magnet sometimes rises in temperature beyond a
predetermined temperature depending on the circumstances of service of
the product to be employed and therefore that it will be demagnetized by

heat when heated beyond the predetermined temperature. In using the
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[0005])

In order to solve this kind of problem, it has been proposed: to form a
film of Dy and Tb to a predetermined thickness (to be formed in a film
thickness of above 3 nm depending on the volume of the magnet) over the
entire surface of the Nd-Fe-B sintered magnet; then to execute heat
treatment at a predetermined temperature; and to thereby homogeneously
diffuse the Dy and Tb that have been deposited (formed into thin film) on
the surface into the grain boundary phase of the magnet (see non-patent
document 1).

{0006]

The permanent magnet manufactured in the above-described method

has an advantage in that: because Dy and Tb diffused into the grain

boundary phase improve the grain magnetic anisotropy of each of the grain

surfaces, the nucleation type of coercive force generation mechanism is
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[Disclosure of the Invention]

[Problems to be Solved by the Invention]

[0007]

By the way, since a Nd-Fe'B based sintered magnet has rare-earth
elements and iron as its chief composition, it is susceptible to oxidation
when exposed to the atmosphere. In case the above-described processing of
diffusion into the grain boundary phase is executed after Dy and/or Tb has
been adhered to the surface of the sintered magnet in a state of oxidation on
the surface of the sintered magnet, the diffusion of Dy and/or Tb into the
grain boundary phase is hindered by the surface oxidation layer. As a
result, there is a problem in that the diffusion processing cannot be
performed in a short time and that the magnetic properties cannot be
efficiently improved or recovered. As a solution, it is conceivable, prior to
the adhesion of Dy and/or Tb to the surface of the sintered magnet, to clean
the surface of the sintered magnet by plasma by using a plasma generating
apparatus for generating Ar or He plasma of a known construction. This
solution, however, will result in an increase in the manufacturing steps,
thereby resulting in poor workability.

[0008]
Therefore, in view of the above-described points, a first object of this

invention is to provide a method of manufacturing a permanent magnet in
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iron-boron-rare earth based sintered magnet disposed in a processing
chamber to a predetermined temperature; evaporating an evaporating
material disposed in a same or another processing chamber, the evaporating
material comprising a hydride containing at least one of Dy and Th; causing
the evaporated evaporating material to be adhered to a surface of the
sintered magnet; and diffusing metal atoms of Dy and/or Th of the adhered
evaporating material into a grain boundary phase of the sintered magnet.
[0010]

According to this invention, evaporated evaporating material is
supplied to the surface of the sintered magnet that has been heated to the
predetermined temperature and gets adhered thereto. At that time, by
heating the sintered magnet to the temperature at which the most
appropriate diffusion velocity can be obtained, the metal atoms of Dy and/or
Tb of the evaporating material adhered to the surface are gradually diffused
into the grain boundary phase of the sintered magnet. In other words, the
supply of the metal atoms of Dy and/or Tb to the surface of the sintered
magnet and the diffusion thereof into the grain boundary phase of the

sintered magnet are performed in a single processing (vacuum vapor



In order to solve the above-described problens, the nethod of

manuf acturi ng a pernmanent nmagnet according to claim 1l conprises:
heating iron-boron-rare earth based sintered nagnet disposed in a
processi ng chanber to a predeterm ned tenperature; evaporating an
evaporating material disposed in a sane or another processing
chanber, the evaporating material conprising a hydride containing at
| east one of Dy and Tb; causing the evaporated evaporating materi al
to be adhered to a surface of the sintered nagnet; and diffusing
net al at onprazksspgland/ or Tb of the adhered evaporating material into
a grain bougﬁﬁ: phase of the sintered magnet. [0010] Accordi ng
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According to this configuration, there can be obtained a permanent
magnet: in which the grain boundary phase has Dy-rich and/or Tb-rich
phase (the phase containing Dy and/or Th in the rage of 5 ~ 80%); in which
Dy and/or Tb has been spread only near the surface of the grains; and which,
consequently, has a high coercive force and high magnetic properties. In
addition, in case there have occurred defects (cracks) in the grains near the
surface of the sintered magnet at the time of fabrication thereof, Dy-rich
and/or Tb-rich phase is formed on the inside of the cracks and, as a result,
the magnetization intensity and the coercive force can be recovered.

[0013]
At the time of the above-described processing, preferably the sintered

magnet and the evaporating material are disposed at a distance from each

other. Then, when the evaporating material is evaporated, the melted



According to this configuration, there can be obtained a pernmanent
magnet: in which the grain boundary phase has Dy-rich and/or Th-rich
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required, whereby higher productivity can be attained. In addition, the

amount of supply, e.g., of the evaporating material to the surface of the
sintered magnet can be easily adjusted without changing the configuration
of the apparatus such as by providing a separate part inside the processing
chamber in order to increase or decrease the amount of supply of the
evaporating material to the surface of the sintered magnet.

[0015]

If the method further comprises, after having diffused the metal atoms
of Dy and/or Tb into the grain boundary phase of the sintered magnet,
executing heat treatment to remove strains of the permanent magnet at a
predetermined temperature lower than the said temperature, there can be

obtained a permanent magnet of high magnetic properties in which the



If the nmethod further conprises, after having diffused the netal
atons of Dy and/or Tb into the grain boundary phase of the sintered
magnet, executing heat treatnent to renove strains of the permnent
magnet at a predeterm ned tenperature |ower than the said
tenperature, there can be obtained a permanent magnet of high
magnetic properties in which the nmagnetization intensity and the
coercive force can further be inproved or recovered. [0016] The
met hod preferably further conprises, further conprising, after having
di f f used mmagnesizationontensithand thetropreive foree graifurthenhtaingpysivad orof
the sintered magnet, cutting the sintered nmagnet into a predeterm ned
t hi ckness ?ﬁmﬂﬁggfection perpendi cul ar to the magnetic alignnent
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[0017]

In this case, if the sintered magnet is cut by a wire cutter and the like
into the desired shape, there are cases where cracks occur in the grains
which are the principal phase on the surface of the sintered magnet,
whereby the magnetic properties are remarkably deteriorated. However,
by executing the above-described vacuum vapor processing, since the grain
boundary phase has Dy-rich phase and further since Dy is diffused only in
the neighborhood of the grains, the magnetic properties can be prevented
from getting deteriorated even if the permanent magnet is obtained by
cutting the sintered magnet into a plurality of thin pieces in the post step.
Combined with the fact that the finish machining is not necessary, there can
be obtained a permanent magnet of high magnetic properties which is
superior in productivity.

{0018]



Furthernore, in order to solve the above probl ens, the permanent
magnet according to claim®6 is characterized in: that an

I ron-boron-rare earth based sintered magnet di sposed in a processing
chanber is heated to a predeterm ned tenperature; that an evaporating
mat eri al di sposed in a sanme or another processing chanber is heated
to evaporate the evaporating material conprising a hydride containing
at |l east one of Dy and Th; that the evaporated evaporating materi al
is caused to be adhered to a surface of the sintered nagnet; and that
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[0019]

As described hereinabove, the method of manufacturing a permanent
magnet according to this invention has an effect in that there can be
obtained a permanent magnet in which, without the prior step of removing
the oxidized layer on the surface of the sintered magnet, Dy and/or Th can
be efficiently diffused into the grain boundary phase, the permanent magnet
havign high productivity and high magnetic properties.

[Best Mode for Carrying Out the Invention]
[0020]

With reference to FIGS. 1 and 2, a permanent magnet M of the present
invention is manufactured by simultaneously executing a series of processes
(vacuum vapor processing) of: evaporating an evaporating material v
containing at least one of Dy and Tb; causing the evaporated material v to
be adhered to a surface of a Nd-Fe'B based sintered magnet S that has been
fabricated to a predetermined shape; and diffusing metal atoms of Dy and/or
Tb of the adhered evaporating material into the grain boundary phase
homogeneously and penetrated.

[o021]



[ 00211 The Nd-Fe-B sintered nagnet S as a starting material is
manuf actured as follows by a known nethod. That is, Fe, B, Nd are
formul ated at a predetermned ratio of conposition to first

manuf acture an alloy of 0.05 nmm- 0.5 mmby the known strip casting
nmet hod. Alternatively, an alloy having a thickness of about 5 nm may
be manufactured by the known centrifugal casting nethod. A snall
amount of Cu, Zr, Dy, Tbh, Al or Ga may be added therein during the
formul ation. Then, the nmanufactured alloy is once ground by the known
hydrogen grindiThg pNedésB asinteredscnagnrti S fiafela gtootimg bypaterial is
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parallelepiped, column, and the like and, thereafter, is sintered under given
conditions to manufacture the above-described sintered magnet.
[0022]
In compression-molding the alloy raw meal powder, in case the known
lubricant is added to the alloy raw meal powder, it is preferable to optimize
the conditions in each of the steps of manufacturing the sintered magnet S
so that the mean grain diameter of the sintered magnet S falls within the
range of 4 pm ~ 8 pm. According to this configuration, without being
influenced by the residual carbon in the sintered magnet S, Dy and/or Th
adhered to the surface of the sintered magnet can be efficiently diffused into
the grain boundary phase, thereby attaining high productivity.
[0023]
In this case, if the mean grain diameter is smaller than 4 um, a
permanent magnet having a high coercive force can be obtained due to the

diffusion of Dy and/or Th into the grain boundary phase. However, this will
diminish the advantage of adding the lubricant to the alloy raw meal powder,



t he advantage being in that the flowability can be secured during
conpression nolding in the magnetic field and the orientation can be
I nproved. The orientation of the sintered nagnet will becone poor
and, as a result, the remanent flux density and maxi mum ener gy
product exhibiting the magnetic properties will be |owered. On the
other hand, if the nmean grain dianmeter is larger than 8 pm the
coercive force will be | owered because the crystal is large. In
addition, since the surface area of the grain boundary becones
smal | er, tlihe r advantsge cbeivgnirathain tbe fhwabd¥ydoan bar benvredaduring

Dooer oo Fopmss okt Sur Mo, ety feld” andl s, EfeatBRon Hhete b
the diff usi-g@r&fedw mtda-iéxftsﬁgwf@h@@ &%ymagﬁ%%gpbé%gﬁ&ﬂ}g, t.ge

time of diffGslon becones onger, resulting i pr Ivity.

[ 0024] aARsaltptiie temdndat Pix denibuamd xaRdbunl Osagy iprgdadipahitiitiag 1
for executing the above-described processing has a_vacuum chanber 12
i n which athe asagnadiccarppsstieeadbde loweradhd @uvpgheamthen handddf theninean
pressure (e.g., 1 x 10 Pa thrqcﬂgh sn evral‘ﬁuati ng ns 1 15@0@ as

t ur bo- ol e &SR IBRREET I8, LTSRN TR P S0 AR RRTCTYR dOTRe Wi KR aianed
s di Spose%ebé‘uée%evc%\éﬂdné:%%g@.erInlgdtﬁtigﬁfsiHé@ﬁlezsﬁ‘i’M ér%'a’?ﬂ:tgé‘grain
rectangul ar parall el opl ped box part 21 with an upper surface being
open; and doundapabscodtesdrnalen, $helehiic lofibéncemtnationcdfchetieeiduat natbpoper
surface of the box part 21. [0025] A downwardly bent flange 22a

i s forned dleongthensraipt bewndarychedoaesnleagefand éhe jdgeprive force Heehe

lid part 22 is unt eqd i sitipn on.the upper_surfac the, b
bart 21, ¢ et ines, Fulfi (86 Anguaf cHBRRLreRlts PSR Ty, B Thu
21 (in thi$ (PG dfifeiGf BEDySERb tAY PRaBSbéudlld plakslis Iiﬁlé,ea@a'aﬁa%e
so as to define a processing chanber 20 which 1s isolated fromthe
vacuum charthae of 2iffudion becwmeandohiep, reultihgin pudreprotlnetividg.uum chamber
12 is reduced inlepressure t hrough the evacuating neans 11 to a

pr edet er m néQO%‘? ssure (e.g., 1 x 10 Pa), the processing chanber 20
I's reduced in pyessure to rgssure (e.g...5 x 10-4 Pa) that |
hi gher subst an#%lsf‘ﬁwﬁy“hafif&a tjiagiV c‘%‘fﬂn"%ﬂ?ﬁtp¥%e§%8gv§§lﬂfﬁ$%an§n§’é'r

12. [0026] executing the above-described processing has a vacuum chamber 12 in

which a pressure can be reduced to, and kept at, a predetermined pressure
(e.g., 1 %X 10-5Pa) through an evacuating means 11 such as turbo-molecular
pump, cryopump, diffusion pump, and the like. There is disposed in the
vacuum chamber 12 a box body 2 comprising: a rectangular parallelopiped
box part 21 with an upper surface being open; and a lid part 22 which is
detachably mounted on the open upper surface of the box part 21.

[0025]

A downwardly bent flange 22a is formed along the entire
circumference of the lid part 22. When the lid part 22 is mounted in
position on the upper surface of the box part 21, the flange 22a is fitted into
the outer wall of the box part 21 (in this case, no vacuum seal such as a
metal seal is provided), so as to define a processing chamber 20 which is
isolated from the vacuum chamber 12. It is so configured that, when the

vacuum chamber 12 is reduced in pressure through the evacuating means

10



The vol une of the processing chanber 20 is set, taking into
consideration the nean free path of the evaporating material v, such
that the netal atons in the vapor atnosphere can be supplied to the
sintered magnet S directly or froma plurality of directions by
repeating collisions. The surfaces of the box part 21 and the |id
part 22 are set to have thicknesses not to be thermally deformed when
heat ed by a heating neans to be described hereinafter, and are nade
of a material that does not react with the evaporating material v.

[ 0027] 11itn aguedetemorided pydssnre (eeg.el apl 8Pahghemremising\chasibgy 20i n

case Al 203 which is. often used in an ordinary_vacyut parat us i,
used, thera@s ir§8ﬁcﬁ5’gé’%iﬁeﬁ?‘ﬁf th# pEgSsume ¢ 5-’v§p>6rij(gg1r£‘§pﬁ@rtemr )
with Al 203, [Fe)an f of ,

resul ting PaRaRclhy SRSH fpiRhRR e Bk Aol ARRBICHED
Accor di ngl y[otde] box body 2 is nade, e.g., of M, W V, Ta or alloys
of them (including rare earth el enents added Mo alloy, Ti added M
al l oy, and t he Theke)olu@aOof YRS processinge schafmbear €0cdpt hetel takings intor
constituted by .form n%lan i nner Iinilg}% gn t he suyrface of, anot her

i nsul at i ng CRBtidpTation Fhe, mgamnireg nagh £t dhgrevaporpting, material ve Uy thay

wires (e. g'th%qlz%étal rﬁlg?:m( ﬂ’LeZv%%oﬂ §tn§t§e{§)ﬁ £ gaﬁ el 12 & tlk sintered

pr edet er mi ned héi g rom ttomsarface int processi ng

chanber 20.ma¥ndths dikeely ROfon 6 plifalypdfudisddtionsHy sépdatingdedlRgOes.s
S can be placed side by side. On the other hand, the evaporati n%
mat eri al v The appiaogs iofit ey bpkapant 3h andvdhe olid spart a22 arei gt swrkiavees

t f f th i nb 0. [0Q2 As_th
vapor at | nghiekmaRtes i tollio iperalis GeloHn ) e HAIRE 25 F HGEARE Pensy
one of Dy 3pg,.T0.phel He?‘éi?ﬁk%r,' A Q¥ eof%aﬂf&%ﬁgﬂ Uik dek Mot react,
ani sotropy of the principal phase, e.g., H2™ or D FRNUT act Ur ed i n

a known netwigH thé\eedsdtatiigtfatetiad vconfi guration, even in a state in
whi ch the surface of the sintered magnet S is oxidized, once the

evapor ati ng ial v is evaporated at the tinme of vacuum vapor

_ [REREL | . _ [

Gt o7 od mhgne RSPt edbr WRPDPhe oy S BAREC TG RATLY 1% ek Es
bei ng di Schon@fdsatisdh GOEP M Yh FUERaRP vEGm b AXHE FUEYHardts Lhe

surface of € sli magnet I'sS tthus reno eaned. As a

result, a poRRdilyothatSDePnOthe vapdy Atnbdphesdlrbadte witht AROS) t éired a
magnet S prior to supply of Dy and/or Tb to the surface of the
si nter ed mergaetiorsprredunston dheisnotace theneof, aesuliinecity peneiratipn pitthe Al

Phesi nt er eHoEAER ths YAPu- SYBHBRNSTS, AHEPBISErS ‘BhRoBDo8Y & 6T § Eand

Tommgen =N 94 7ok i BB B8 Al sadven
alloy, Ti added Mo alloy, and the like), CaO, Y203 or oxides of rare earth
elements, or constituted by forming an inner lining on the surface of another
insulating material. A bearing grid 21a of, e.g., a plurality of Mo wires (e.g.,
0.1 ~ 10 mm (dia.)) is arranged in lattice at a predetermined height from the
bottom surface in the processing chamber 20. On this bearing grid 21a a
plurality of sintered magnets S can be placed side by side. On the other
hand, the evaporating material v is appropriately placed on a botiom
surface, side surfaces or a top surface of the processing chamber 20.

[0028]

As the evaporating material v, there is used a hydride containing at

11



The vacuum chanber 12 is provided with a heating neans 3. The heating
means 3, |ike the box body 2, is nade of a material that does not
react wth the evaporating nmaterial v, and is arranged so as to

encl ose the circunference of the box body 2. The heating neans 3
conprises: a thermal insulating nmaterial of M nake which is provided
with a reflecting surface on the inner surface thereof, and an

el ectric heater which is disposed on the inside of the thernmal
insulating material and which has a filanent of Mo nake. By heating

t he box bodygas® ime fiecDpeand rffh mekich [Argdly aimmdwee dhpr emguemertdigiline
processi ng chanber 20 is indirect|ly heated through_the box body 2,
wher eby t h@nisptrapy of the prcipalsehang. erganByHz20r g‘bﬁzb@aneﬁﬁcéwed in a

oubet | WD . ALO08: & (58 SURHRTR, b0 G5B ek

vacuum vapqhe PideRes b $haPatrbd Smhgnét BSis ekididd, Gidat ﬂi@@v?&ﬁﬁh S
made i n accordance with the above-descri bed nethod are placed on the

beari ng grimai2tal ofis ehephratedat th2timeafdabyhid wpor Ipeoesingr dissouiated
material v _is placed on_the bottom surface of the box part 21 .
(accor di ng hygregensis %wl@ﬂﬁpéhwug}&ﬁﬁef thessintered Heagnatpd padiraget with

or ocesai ng BRaNbEre 307 cetiede HEGRRE Boblst EelPheR sa% chRebBe ek g

22 on the qpgy UPREbxBMdRESPlon IR Bbfakabt til sintb@dORNROEY 2 ihts
pl aced in a predeterm ned position enclosed by the heating nmeans 3 in

t he vacuumrehmambérad® clesewedFl @s 2) restthiena tprepamgitotyh etepy of Wdddanigg nithans

11 the vacuu chggb r 12 is evacuated until it reaches a

pr edet er mi ﬁ@g} ¢ stgilees%‘?r@d, magnet § Bripy o suRgly, phdys endiprcFadpdhe2o
i s evacuat a_press b f 1 akl f-diglty higher th e
:abov\é) gnd%tqﬁ%ﬁ%r%ﬂgésggi %%&%%gn%%{?é}‘% #syshggk elffq’bk]g}egc{y &gt i%oﬁgt %ge}e%y

heat i ng ”FQﬁngr&riYY@eﬁhet Peodimeivity CMhardilitidy, $iase tRaChiedizbfayer on the
pr edet er m ne pre?EJre. In this gﬁ:ge, Si nceghthe sintered magnet S
itself is muafage of thasimtente: magn i% eerpeved; Eyearidoy Th BAAE) effitieatly
stains, gas d npi sture, cqj ené,ads rbed on the surface of the
sintered nﬁéﬁ&“”ﬁpﬁmﬁé‘dﬁe%’@a d intpote grain bpppdary, ghaepbrha singered
t he process] S I [ r i ned tenperature,
DyH2 di spo?%%&be%g@g{?gg’&c‘#n&searlﬁli’géﬁgg%{lggﬁgﬁ%ﬁé’é ing chanber 20 is
heated to sfbgeghtially the same tenperature as the processing

chanber 20 and starts evaporation. A vapor atnosphere will thus be
formed in the Fhecessing dizanbear 120s pFoeided fwith H2 hentingsmesnp & afllhen,

S 1CE R SIeRe RS A0 IS abe, o shoscd oL 8 dl SLange fagn

0 Lhe, 1 DSk RO VOSSN sAishel  ho 0 LSRN OB L G

tenper at ur g RaaMerdde &f CHELKINTOEY 2enTReahedting 880s )%dhPIRRs Wyl |
thermal insulating material of Mo make which is provided with a reflecting
surface on the inner surface thereof and an electric heater which is
disposed on the inside of the thermal insulating material and which has a
filament of Mo make. By heating the box body 2 by the heating means 3 at
a reduced pressure, the processing chamber 20 is indirectly heated through
the box bedy 2, whereby the inside of the processing chamber 20 can be
heated substantially uniformly.

{co30])

A description will now be made of the manufacturing of a permanent

12



be di ssociated fromthe evaporated DyH2 and the Dy atonms and hydrogen
I n the vapor atnosphere are supplied toward, and adhered to, the
surface of the sintered magnet S that has been heated to
substantially the same tenperature as Dy, froma plurality of
directions either directly or by repeating collisions. [00321 In
this case, the dissociated hydrogen is supplied to the surface of the
sintered magnet S to thereby react with the surface oxidation |ayer,
and is then discharged as conpounds such as 1120 and the |ike through
t he cl ear ameagrediMawing bhee bbaverdescribed yacunmevapiod ppoacessidZ dppagatisel.

{he.sur { aca it i ih | SpEroRr TAEER nRDr Bikden ot SGORHREE o VIRe Ao
mgnet | Thekey besaibetpShof RIFRRR 3o/ B MHERE R 21y T bR Sf

has been hed| addDyByhs thebiapdrd tingemsterial tveiapdscdduse s boftém surface
processi ng chanber 20 is diffused into the grain boundary phase of

the sinterof theghex mmrt vl (atsprdingetarihientheosintered) magnbls Shand ride.
0033 As shown in .FL.G 3, when t ti terial v.in,th
Lapor at moSHRBPROE wReLy dxs RRBotd 1A dba o dPal ek ghabe S
at m HESY : it
ovapor ati ngouRet)HarkBe090), & Al hayihrbudthd s {fsleidr HHPHA, (Hry 227

remar kabl y ofeflRr sppmaupper sufiacef thelighneas dechabexwodgedaoplaasd in a
result of recrystallization of the evaporating material v that has

been adher atedefermingdi ppoisioneendnsed hr er hetingmeans i i ehe Fagagpet
S. | ddition, th [ terial h d t dd i ted
on. | the surckaBbebs T2 TEEEHTEL 20 At throuenafbe sRaeiatind et b the
bstanti al i ' . e d
substanti a \Jaléuﬁﬂlec}\?/agnﬁgelg%é%déﬁa?ecﬂﬁﬁ%mﬁ RahésSs E}?Qdé%@hﬁxﬂﬁpd Fgfegsﬁ@

Dy will be excessi sed Into the grains 1n a region near
the surfacdegf, 1hel1ottPer &lle mobedsing chember @8uistevachetaipgnat pressure

properties cannot be effectively inproved or recovered. [00341
substantially half-digit higl){er than the above) and the processing chamber
20 is heated by actuating the heating means 3 when the vacuum chamber
12 has reached the predetermined pressure. In this case, since the sintered
magnet S itself is heated to a predetermined temperature (e.g., 800°C), the
stains, gas and moisture content adsorbed on the surface of the sintered
magnet will be removed.

[0031]

When the temperature in the processing chamber 20 has reached a
predetermined temperature, DyH: disposed on the bottom surface of the
processing chamber 20 is heated to substantially the same temperature as
the processing chamber 20 and starts evaporation. A vapor atmosphere
will thus be formed in the processing chamber 20. Even if DyHo: starts
evaporation, since the sintered magnet S and DyH: are disposed at a
distance from each other, there is no possibility that DyH: directly gets
adhered to the sintered magnet whose Nd-rich layer on the surface is melted.

In addition, since the processing chamber 20 has been heated to a

temperature above the predetermined temperature (800°C), hydrogen will

13



That is, once a thin filmmde of the evaporating material v is
formed on the surface of the sintered magnet S, the average
conposition on the surface of the sintered nagnet S adjoining the
thin filmbeconmes Dy-rich conposition. Once the conposition becones
Dy-rich conposition, the liquid phase tenperature |owers and the
surface of the sintered magnet S gets nelted (i.e., the principal
phase is nelted and the anount of |iquid phase increases). As a
result, the region near,the surface of the sintered magnet S.is

nel t ed and bedtissapiosed fnoen theievannrateshbyHe pod the Elyeatoms anrd hydragenin

Dy excessi ygl enefrates into the,grains togeth Wi | ar

Srount o 1t GeBoh Al B e g SRkt Aty dhit Agpetid e Hrtfics of
remanent fl j Lt | NgLd Les . gt e r
overed. [ OSsfEreRd faBES R biF BERA Rlted Mo i Rty it e
(subst ant i abinpesithes iazaDys Haga) ahpluralitya of rditdctions f étleeradé@ctigrorubyt
vol ume (specific surface area) or DyH2 in powder form was di sposed on
t he bott omrepgatingcadiision® processing chanber 20 in a ratio of 1 - 10%

by wei ght ofl {,@ sintered magnet so as to reduce the anount of
evapor ati on g constant tenperature. In addition, when the

evapor ati ng matygrsd I $hdWidioci ﬁﬁg : i i
chanber 20 was Iget%ﬁét %élsg ' ;é%nge 8?1;15%03 - %%1%%%5@%;?%(%%%&%%%% @Qhe

1000C, by chitersd hiapmet Betchtiadirebg regot reit thé @0ffake oxidaktiont lager, and is
tenperature_in the processing chanber 20 (accordingly the heatin

t enper at ur ¢hen digehargad cie sompguads syuchs ap elileldy @rdchet Hke vidraugh 3th@f
di f fusi t dh to t f f th j nt t S
ot he graerini RRETFTRAS poco il af ded fiR, R P e 2 ThELE: JRENE
make the Dyhahihah 120 B8 tHid Masadr AhIRIROEARAUN Yy RERSLIAL A dutte
the grain boundary phase of the sintered nagnet before the thin film

is formed axiddtivrslayénoftinf sintiret ensghetityaed, a8.thOsamectimeheretddaaidmsat
t he tenperature aboye 1050C, the vapor pressure increases and thus

the evapor &filygsteadhered to thesurface afidie sintesed maesehr elaonddgpdaespd
TS 5. possi DPIT uHAES L) atiTeBamier oA it b beaRd oo BB o,
be diffusedppniaind Rem@eitige ds"ehd BBRREIIARIhAMYER ZNSS difflidbd Nfto the
grains is greatly reduced and, therefore, the maxi mum energy product
and t he rengaantbohihdarydeheise yofatle kinteiwer magphet d]. wheosh] a permanent
magnet M can be obtained.
[0033]
As shown in FIG. 3, when the evaporating material v in the vapor
atmosphere is supplied to the surface of the sintered magnet S so as to form
a layer (e.g., a thin film of Dy layer) L1 made of the evaporating material v,
the surface of the permanent magnet M will be remarkably deteriorated
(surface roughness becomes worsened) as a result of recrystallization of the
evaporating material v that has been adhered to, and deposited on, the
surface of the sintered magnet S. In addition, the evaporating material v
adhered to, and deposited on, the surface of the sintered magnet S that has
been heated to substantially the same temperature during processing gets

melted and Dy will be excessively diffused into the grains in a region R1

near the surface of the sintered magnet S. As a result, the magnetic

14



In order to diffuse Dy into the grain boundary phase before the thin
filmmade up of the evaporating material v is fornmed on the surface
of the sintered nmagnet S, the ratio of a total surface area of the
sintered magnet S di sposed on the bearing grid 2la in the processing
chanmber 20 to a total surface area of the evaporating material v in
bul k form di sposed on the bottom surface of the processing chanber 20
is set to fall in arange of 1 x 10-4 2 x 103. In a ratio other than
the range of 1 x 10-4 -2 x 103, there are cases where a thin ffim of
Dy and/ or Tionesties canotore effectively meproyed pheecovenedr ed magnet S and

t hus a per ”ﬁgﬁ‘h magnet havi ng hi gh magnetic properties cannot be
obt ai ned. | s case, the above-described ratio shall preferably
fall within a Q- - i.hed
ratio o 1 x 10799 Ypek gt Gk telletortld ox iR A RERERSET
to the abova thenduuca ol the diyteredvatiamett)etheaposrape eompositividonl the
by reducing the anount of evaporation of the evaporating material v,
t he anount seriacephithe gfintased apagrnta® iadipininscthethin filknhesomentidy sigh
magnet S is restraine In,addition, gs a compined effect. of ;heati.ng
The"si nter SARRHRE. S OReIER OmapRHsm BaoP e R e P EeRa hF kil
renovi ng t i+dj i I t C jqn t
S, the vel C|atg %(/ tg@gﬁﬁgi%ﬁ%&s gggce e’?‘g‘tﬁe%. &Tﬁ% %?ﬁgﬁgn%ﬁog?g% %Q&%
evapor at i ngneteddfiica) the geimoizial qrhage it meelbud ind dhefamdentsofliguiddphase
magnet S can be efficiently and haonogeneously diffused and

penet r at ed ip¢reasashe 8 & esbbufbarsgipn near the swdaey ot rectinhergdanagnet
before the d ayer de ;of ..t he evaporati,ng material v is fQr o]
deposi t| on Soif BReE g Touagfe YRR Sh] IEaiSiratnatpe. B RBOY. Ry ,
resul t, the e RN pEndBaRatintd SR miendlopy Ik Grith LATELARbLAL 8¢ HgEdon
the surface thereof, and Dy can be restrai ned from bel ng excessively
di f fused i nthasé hadghas thd ammdauyn paargytgredsetrdmltheafe nidrentithixedensity
magnet. In this manner, by having a Dy-rich phase (a phase containing
Dy in the rexhijtiog the magygticiproperdiegraae Aurtbenlesveyedhase and by

di ffusing D)Z( ﬁ&blx in the nei ghborhood of the surface of the grains,
the magneti 9 n intensity and coercive force are effectively

i nproved. In adgichifRy §4)hes CaRbERmRRL DI 3 PREIEISHE (SE8GRktMIly
that requires no finiShing work and that i's superior in productivity.
[ 0039] sphesibavshape)Fheving awmmallt ferfstennesse peragnist volameo (spedific

into a desired configuration by a wire cutter, and the like, after
havi ng manuiatace eserk areDxiHe i pawser fayar wap fistosed padhe hotioge parfagecof

wh k i . i h he .ntj i | .
o he o (g ARl thamhBet 36 11 2o SRCT 1B0C by Weilhi BF LRE LB lAHC
deteriorati Qg%%o%% 1IBRAGREL BhdhRBEAE bESvabSRRIdH & a 46:thnt %ﬁi‘ﬁé&lﬁrurgte)y

executing the i

ve-descri bed vacuum vapor processing, there w
formed a Dylw additiohasheanttehevdposiidng afatiehial oriacRyHaf thehtempantsreniaar
the surface (see FIG 4(b)), whereby the nmagnejizat|on ingénsie%y d
coerci ve fdhedraeessingeehathber 2Qwagiset 89 AdAnERAHSOLY 4080t Frireferably

above-descry Vv par cessi . 1 KN boundary phase has
the Dy-ri ché‘gﬁgseilgmégtcﬁBFgﬁpégqesg%t%%@g%ﬁ%% y near the surface
of the graingpgdgperefore, even if a permanent magnet Mis obtained by

cutting the sintered magnet in block form after having executed the
above- descri bedfviheu tempexpdnrerincges pnogessingochamber £0i {accordingly cihe

the magnet | koA GRPES B ¢ epBPHERGARAHEG Ri® GBIOT AP0 the Veibity
deteriorat e&'ﬁﬁ%sﬁ%ﬁﬁﬁf&oms adhered to the surface of the sintered magnet S into
the grain boundary phase is retarded. It is thus impossible to make the Dy
atoms to be diffused and homogeneously penetrated into the grain boundary

phase of the sintered magnet before the thin film is formed on the surface of

15



with a case in which: a sintered magnet of bl ock form having
predeterm ned dinensions is cut into a plurality of thin pieces; the
thin pieces are then contained as they are by disposing themin
position on the bearing grid 2la inside the box body 2; and they are
t hen subjected to the above-descri bed vacuum vapor processing, it is
possi ble, for exanple, to performat a shorter tine the putting and
taking the sintered nagnet S into, and out of, the box body 2. The
preparatory work for executing the above-descri bed vacuum vapor
processi ng sbdetademagnet & , Qmihe htheyrhayuk, at dhy temperatmae tabevé iLAGSH, ng
work is not regﬁired. As a _conbi ned .ef.f ect, of the ébove, a.qi h
oroduct | vi (4° JARODPTEYIP aGreatbn AgH thus theayaRpratipgapaierial g in the

ot vi ST . | e
e (6. . gor GORTRL) BRTRRISEREE, PibrIRN ) BREERHRLE (el SpUigd

stopped, Amggetd®, T0 ddditivs, thers a0 eskibility theDyprweddHendiffubedrigs
20 through a gas introduci ng neans (not illustrated), evaporation of
t he evapor 4he rgraing. er Should | bﬂoéﬁﬁé&lﬂedaﬁlﬂotthé gesniper theimagnetizasion

rocessi ng.chanher, 20, is once.lowered to, e.(. 0C, Conti nuousl
Phe heat | ndSFERHY ' the Al it BOREDY A50RSFIaAA% FECTEbiSorhe JPEXEHIE n
pr ocessi ng (SRARNGH4AR: hid 160 rdaekEEPABLAPS fuxRAGodand, hoa

treat nent f ving the strains int per manent nmagnets is
executed to[608Ther inprove or recover the coercive force. Finally,
the processing chanber 20 is rapidly cooled substantjally to room,

t enper at ur e andingaderole B¥tyse2Dy dntoathengrsin berndaxy phaseubeformphsething

[ 0041] n the enbogdirent of t.he present invention, ,a description
has been it BYACE T RaHE BVIRPTAHAEDMFTED Y & 198860 48 (R SBUAB HPng
material v.g i &hi 3 J

900C - - 100505 oA Flagnth Bt Fotl O Btal SRHRECRNR RS SuteTod AMEROPS
di f fusi on \iépeed on thedbeadaggpid 2ilaiingthEbprsbessiny @hambpr 20str @ total

|l ow, e.g., ThH2 can be used. O else, hydrides containing Dy and

] I Tb
may al so beugfee.arpe efathes evaparatigsdmetarialan inviaphr fsrmn dispases pa) the
in bulk forprmor in powder, form having a.s l. s i fJ6.surface
was used | hoboi RrBSs Ethe PHIReS B A RREr C0ARarP dALAD e O £
t enper at ur eyo-Hoys ghs. 1 Qb dib haln tHelralgh BP1 & f0-4 Mo MBS HieRPare
arranged that a pan having a recessed shape In cross section is
di sposed i nabéetewhisee koxhipafilm2df Dy modivinTh isnformedpeamn the esvefsap awfathieng
material v in granular formor_ bulk form thereby reducing the )
speci fic suintgred amegnet| § ambithnem permeavenfamaggetiihaying dighaagnetic

P 2ty "SR ies drmhoh D BeaBER: of if gheks tné b6oL-hacEba 1B¥o Whal
preferably fall within a range of 1 X 103 to 1 X 108 , and the
above-described ratio of 1 X 10~2 to 1 x 10? is more preferable,

[0038]

According to the above configuration, by lowering the vapor pressure
and also by reducing the amount of evaporation of the evaporating material
v, the amount of supply of the evaporating material v to the sintered magnet
S is restrained. In addition, as a combined effect of heating the sintered
magnet S at a predetermined temperature range and removing the
oxidization layer on the surface of the sintered magnet S, the velocity of
diffusion is accelerated. The Dy atoms of the evaporating material v

deposited on the surface of the sintered magnet S can be efficiently and
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In the enbodi nent of the present invention, a description has been
made of an exanple in which the sintered nmagnet S and the evaporating
material v were disposed in the processing chanber 20. However, in
order to enable to heat the sintered magnet S and the evaporating
material v at different tenperatures, an evaporating chanber (another
processi ng chanber, not illustrated) may be provided inside the
vacuum chanber 12, aside fromthe processi ng chanber 20, and anot her
heati ng means may be provided for heating the evaporating chanber.
After havi mgmegeperusie diffusedeang qreaeinagedranter thel grainnksowelarfiephase of

ti hanber,, th | terjal in the ) . .
ot mbspher o U ered: ARBRICS PBIAsE Lae BT atede phthe eTFRRIGHENE TApAAL v is
at mospher drPagy itk cypre
i ch' conminrad BE PRORERRGL 40 ol B SRS ABEACSRRRT MG 0.

chanber t oggt Hessult, MéPermandnd higfetdMS@in bé) peaeatéd Erody ARtrdrhiidy
material v is DyH2, the evaporating chanber nmay be heated at a range

of 700C - vesthe sweface thersof atnd Opehovber 00trainbd rizomabeiog exxasdively
vapor pressyure at, whi.ch the evapqrating material v,can pe supplied to
the surf acditgRsedninte the crain BRGRARTY Boathenairtese e Ehe smterad Buenahd
honogeneousgl,y e iHEv?n Lalhn nga . the .Qt.her
hand, in cggeth{?fgﬁl{ev%%’o?%tl ng %&?Q?irgt}h 9ﬂi£)sl'sé %bﬁé?a{]@&g\l/% rlg ilfr%gt518

chanber mayahge bLE~e80%D in tha RGRIPbo NNy phhsdaed Wt dﬁ’fds@ﬂ%@yaéﬂyﬁn
bel ow 900C, there cannot reach a vapor pressure at which Tb atons can

be suppl i edhe meighbosheddhet the sutfece pfithe gaimagthe n@gnetization dnteasity
hand, at a t erature above 1150C .Th gets diffused.into, the grains
ot hos ¢ e B Bl RS oAl Tbedl oSG I i tHASR oo, D6
wll be lo Ml uﬁ@g i .

i nventi on, ngaggg% %%&?lﬁlgﬁ eﬁgs e‘rﬁ Mngg%é%g an glgaﬁ%gfélﬁwéﬁ %’I?u& ?ﬁ%ri%ox

body 2 was sqg@ﬁéﬁiwmubﬁv{fgunti ng the lid part 22 on an upper
surface of the box part 21. However, if the processing chanber 20 is

i sol ated frd@93%He vacuum chanber 12 and can be reduced in pressure
acconpani ed by th ress reducti,on .n the vacuumc er, 12, jt.is
not necessary ﬁf’q‘iio%nc“{ﬁ{(gh%‘ﬁ R %%&Fﬁf?@.m h&&’ﬁ%ﬁ@f“ﬁ?@&esmd
havi ng dis ?‘F,ﬁa@ Syl JRaRe L Ogi.de

upper gopen?ﬁ%ﬁ er %o B’?r%;e/& %g cover %%[Fl%/@gk?’o?#g%?%gpnlgé%?%u%ﬁghe

ot her hand abbie-dBscritedséintsres thalgiatdtidratart Resdqar wherstragks bedstrdn tRO
can be hernetical Iy cl osed inside the vacuum chanmber 12 so as to be

mai nt ai ned gaaing wphichatrertitermaingipalsphase onndepnnésntofdhe tshrteved magnet,
chamber 12're£13(t)i?1?gjin a remarkable deterioration in the magnetic properties (see FIG.
4(a)). However, by executing the above-described vacuum vapor processing,
there will be formed a Dy-rich phase on the inside of the cracks of the grains
near the surface (see FIG. 4(b)), whereby the magnetization intensity and
coercive force are recovered. On the other hand, by executing the
above-described vacuum vapor processing, the grain boundary phase has the
Dy-rich phase and further Dy gets diffused only near the surface of the
grains. Therefore, even if a permanent magnet M is obtained by cutting
the sintered magnet in block form, after having executed the
above-described vacuum vapor processing, into a plurality of sliced thin
pieces by means of a wire cutter and the like as a post step, the magnetic

properties of the permanent magnet get hardly deteriorated. As compared
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As the sintered magnet S, the smaller is the amobunt of oxygen
content, the larger becones the velocity of diffusion of Dy and/or Tb
into the grain particle phase. Therefore, the oxygen content of the
sintered magnet S itself nay be bel ow 3000 ppm preferably bel ow 2000
ppm and nost preferably bel ow 1000 ppm [Exanple 1[ [0046] As a

Nd- Fe- B based sintered magnet, there was used one whose conposition
was 29Nd- 3Dy- 1B- 2Co- 0. 1Cu- bal . Fe and was fabricated into a
rectangul ar parall el epiped of 20 x 10 x 5 nm In this case, after

fini shing tith swabaiewhich'esintered maagnekgfiblocB form dmving hradetermined

f hness of, bel 10 I ' [ :
[S(rl;(r)4$fe_ e gﬁé,slgB% 1ﬁ§ﬁﬁodnw§%é &E}Bm Qf]éctyggfgg{{gb@wg‘?esggggﬁml &8@?@” o5 ‘are Hhen
ocessi n
b 9 BRABLAL U3 cly LREEE DA AloRPHh BAiBLIRASH, WU b Yo

the above-descri uum rocessing. T iI's case,

si ntered Negkies $he HOR oY 3PLE@Ehay 228 thew dubflictddetts €hd LBBVEHEscribed
another on a bearing grind 2la inside the box body 2 of M make. In
addi tion, asculio wapapprotesaiggtitigmoaible;, ey exanesle ukeperfyide at a shorter

fact d WA J ku. K hi ki Kai sh ThH
{manuf act u e Efe RHKEnS G dR i B Brkirekap S Shitfoaad i g6 4ba bow o
Lot al amounaof 106 0o fthd Bl bATEUe8hng thE AR oA SRR YRERR0-
g the ava he

Then, by actuatin cual i ng neans, vacuum chanber was once
reduced i n vapessiticesdifg bedorbs daditd) andrths puéFariaborynep aodahsifitdshing
chanber was 5 x 10-3), and the heating tenperature by the heating
nmeans 3 of wdrk ipmot vergiired. c Wb epmbinedesfiost of the B885€, & Bighpraductiyityn
t he case of %HZ and s set to 1000C (Exanple Ib) in the case of
TbH2. Thent? @r?‘tf"ﬂge&grrper ature in the processing chanber 20 has
reached 950¢g ,ld]e above-descri bed vacuum vapor processing was
executed in t%l s state for 1.8 or 18 hours. Subsequently, heat
treatment was @Xaglly,edlfté Ha@imy @xbiittedt thai Aoverddsbebpd pracanringrdgnat .
In this case, the heat treatnent tenperature was set to 550C, and the
processi ng frpdetemainede period6df timritleg., Fimdi2 hoursie the rapenaiion rodgihet

obtai ned by Crecul 0, (he AN FLOd 195 {8 oMl o8 e

processing chamber 20 through a gas introducing means (not illustrated),

evaporation of the evaporating material v is stopped, and the temperature
in the processing chamber 20 is once lowered to, e.g., 500°C. Continuously
the heating means 3 is actuated once again and the temperature in the
processing chamber 20 is set to a range of 450°C ~ 650°C, and heat
treatment for removing the strains in the permanent magnets is executed to
further improve or recover the coercive force. Finally, the processing
chamber 20 is rapidly cooled substantially to room temperature and the box
body 2 is taken out of the vacuum chamber 12,
[0041]

In the embodiment of the present invention, a description has been
made of an example in which DyH; is used as the evaporating material v.
However, within a heating temperature range (a range of 900°C ~ 1000°C)
of the sintered magnet S that can accelerate the diffusion velocity, hydrides

containing Th whose vapor pressure is low, e.g., ToHz can be used. Or else,

18



[ 0048] FIGS. 5 and 6 are tables show ng average val ues of
magneti c properties when permanent nagnets were obtai ned by the
above-descri bed vacuum vapor processing by using Dy of 99.9% purity
in bulk formas the evaporating material (Conparative Exanple la) and
by using Tb of 99.9% purity in bulk formas the evaporating materi al
(Conparative Exanple Ib), in conparison with average val ues of
magneti c properties when permanent magnets were obtained by the
vacuum vapor processing under the sanme conditions as in the above

Exanpl e | a bydvidex gombadning Dpend Gb megy alsphesesedablewasise armengedsthapf
the evaporating materi al containi therein, in t arative
ol o i S oek R EPl 3 Bl BhY of s perst 1ar Tanns s ol
time of va ' y i.f '

Lherl o gur SHTEY 80P ROCE HaisIellih TRAGY o dahile HEL bR B S ofibn

processi ng atas catiin terdPeraoures, Hdvwdver Waithoht béingdimitedotheeae, & May
force of 24.3 kOe. On the other hand, in the Exanple la, it can be
seen that hegee carangede thafr gepar lmying kozetpssedishabedia £Ypsp esestionan

hal f the vacuum evaporat, n rocessging time. (8 hqurs), ihereb .

ort i oi ont | PG SRRGeny Sl BFe 2k o tn e Rhu i PepsoreHnEne
Conparativ l£; ' ' TRy WSk AR AL .

mat eri al v?niﬁﬁg@o‘ﬁé%%ﬂgg%%eg}ﬂlgrvacuﬂ%?%ég%r&‘{)b%ogée/ss| n%tt%llg%?e?tﬁlcne
of diffusi earfacé beed.arlpedddicion efer heviagealisiosed tis evapotiting iheteyiat wum
vapor processing time was set to 18 hours, a high coercive force of
28.3 kCe wdB thist pamedl lidoinothdlustratedhhaving a mxealifveof ppeninge apapde
seen that a high,coercive force of 28.2 kCe was obtained at | ess than
hal f the v3% @apor processing time (8 hours), thereby efficiently
di ffusing Thotgee FIG 6). [Brief Description of the Draw ngs] [00501

In the embodiment of the present invention, & description has been
made of an example in which the sintered magnet S and the evaporating
material v were disposed in the processing chamber 20. However, in order
to enable to heat the sintered magnet S and the evaporating material v at
different temperatures, an evaporating chamber (another processing
chamber, not illustrated) may be provided inside the vacuum chamber 12,
aside from the processing chamber 20, and another heating means may be
provided for heating the evaporating chamber. After having evaporated
the evaporating material v inside the evaporating chamber, the evaporating
material v in the vapor atmosphere may be arranged to be supplied to the
sintered magnet inside the processing chamber 20 through a communicating
passage which communicates the processing chamber 20 and the
evaporating chamber together.

[0043]

In this case, in case the evaporating material v is DyHs, the
evaporating chamber may be heated at a range of 700°C ~ 1050°C. At a
temperature below 700°C, there cannot reach a vapor pressure at which the

evaporating material v can be supplied to the surface of the sintered magnet
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FIG 1 is a schematic explanatory view of a cross-section of the
per mmnent magnet nmanufactured in accordance with this invention;
FIG 2 is a schematic view of the vacuum processi ng apparatus for

executing the processing of this invention; FIG 3is a
schemati c expl anatory view of a cross-section of a permanent magnet
manuf actured in accordance with a prior art; FIG 4 (a) is an

expl anatory view show ng deterioration of the surface of the sintered

magnet caused by nmachining, and FIG 4 (b) is an explanatory view

showi ng t hé& suthatcBy wendhe diffusefl and bomagenreoushygpestetratedfintt theegrain

accordance with this invention; FIG, 5is .a table show ng . )

magnet i c prbBBEE‘E’-TYeEﬁ%?&t i ke ﬁﬂ?f@rha%gﬂéﬁ?%ﬁhﬁjP%&R%ﬁﬁagi%at%nal vis

accor dance et N X8l oty BRhber mefl 12 héubd 18 aLARLE FBBNAY 1150°.
Ies e n actured in

magneti c propéef permane magnet manu
accor dance AW hhtemgimaterel belo®De80T(¢,Pilic@® @AhnBEreacHGE vRPOR pRéSudd tit

Char act er s] ,
which Th atoms can be supplied to the surface of the sintered magnet S.
On the other hand, at a temperature above 1150°C, Tb gets diffused into the
grains and thus the maximum energy product and the remanent flux
density will be lowered.
[0044]

Further in the embodiment of the present invention, a description has
been made of an example in which the box body 2 was constituted by
mounting the lid part 22 on an upper surface of the box part 21. However,
if the processing chamber 20 is isolated from the vacuum chamber 12 and
can be reduced in pressure accompanied by the pressure reduction in the
vacuum chamber 12, it is not necessary to limit to the above example. For
example, after having disposed the sintered magnet S inside the box part 21,
the upper opening thereof may be covered by a foil of Mo make. On the
other hand, it may be so constructed that the processing chamber 20 can be
hermetically closed inside the vacuum chamber 12 so as to be maintained at
a predetermined pressure independent of the vacuum chamber 12.

[0045]

As the sintered magnet S, the smaller is the amount of oxygen content,
the larger becomes the velocity of diffusion of Dy and/or Tb into the grain
particle phase. Therefore, the oxygen content of the sintered magnet S
itself may be below 3000 ppm, preferably below 2000 ppm, and most
preferably below 1000 ppm.

[Example 1]
[0046]

As a Nd-Fe-B based sintered magnet, there was used one whose
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(00511 l1lvacuum vapor processi ng apparatus l12vacuum chanber

20pr ocessi ng chanber 2box body 21box part 22lid part 3heati ng neans

composition was 29Nd-8Dy-1B-2C0-0.1Cu-bal.Fe and was fabricated into a

rectangular parallelepiped of 20 X 10 X 5 mm. In this case, after finishing

the surface of the sintered magnet S so as to have a surface roughness of

below 10 pm, cleaning was made using acetone.
[0047])

Then, by using the above-described vacuum vapor processing

apparatus 1, there was obtained a permanent magnet M by the

above-described vacuum vapor processing. In this case, 60 sintered

magnets S were disposed at an equal distance from one ancther on a

bearing grind 21a inside the box body 2 of Mo make. In addition, as the

evaporating material, there was used DyH: (manufactured by Wako

Junyaku Kabushiki Kaisha) and TbH; (manufactured by Wako Junyaku

Kabushiki Kaisha) and was disposed in a total amount of 100 g on the

bottom surface of processing chamber 20. Then, by actuating the

evacuating means, the vacuum chamber was once reduced in pressure to 1 x

104 (the pressure in the processing chamber was 5 X 10-3), and the heating

temperature by the heating means 3 of the processing chamber 20 was set to

850°C (Example 1a) in the case of DyHz and was set to 1000°C (Example 1b)

in the case of TbHz. Then, when the temperature in the processing

chamber 20 has reached 950°C, the above-described vacuum vapor

processing was executed in this state for 1.8 or 18 hours. Subsequently,

heat treatment was executed to remove the strains in the permanent

magnet. In this case, the heat treatment temperature was set to 550°C,

and the processing time was set to 60 minutes. Finally, the permanent

magnet obtained by executing the above method was fabricated by wire

cutting into a shape of 10 X 5 mm {(dia.).
[0048]

FIGS. 5 and 6 are tables showing average values of magnetic

properties when permanent magnets were obtained by the above-described
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Ssi ntered magnet M permanent nagnet vevaporating material WHAT IS
CLAI MED | S: 1. A nethod of manufacturing a pernmanent magnet
conprising: heating iron-boron-rare earth based sintered nmagnet
di sposed in a processing chanber to a predeterm ned tenperature;
evaporating an evaporating material disposed in a sane or another
processi ng chanber, the evaporating material conprising a hydride
containing at | east one of Dy and Tb; causi ng the evaporat ed
evaporating nmaterial to be adhered to_a surface of the sintered
magnet ; andgacuum vapor processing by using Dy of 99.9% purity in bulk form as the
evaporating material (Comparative Example 1a) and by using Tb of 99.9%
purity in bulk form as the evaporating material (Comparative Example 1b),
in comparison with average values of magnetic properties when permanent
magnets were obtained by the vacuum vapor processing under the same
conditions as in the above Example 1a and Example 1b. According to these
tables, in the case of the evaporating material containing therein Dy in the
Comparative Example 1a in which Dy was used as the evaporating material,
as the time of vacuum vapor processing (time of diffusion) becomes longer,
the larger becomes the coercive force. When the time of vacuum processing
was set to 18 hours, there was obtained a high coercive force of 24.3 kOe.
On the other hand, in the Example 1a, it can be seen that high coercive force
of 24.3 kOe was obtained in less than half the vacuum evaporating
processing time (8 hours), thereby efficiently diffusing Dy (see FIG. 5).
[0049]

In addition, in the Comparative Example 1b in which Th was used as
the evaporating material v, the longer becomes the vacuum vapor processing
time (time of diffusion), the larger becomes the coercive force, When the
vacuum vapor processing time was set to 18 hours, a high coercive force of
28.3 kOe was obtained. On the other hand, in Example 1b, it can be seen
that a high coercive force of 28.2 kOe was obtained at less than half the
vacuum vapor processing time (8 hours), thereby efficiently diffusing Th (see
FIG. 6).

[ Brief Description of the Drawings]
[0050]

FIG. 1 is a schematic explanatory view of a cross-section of the

permanent magnet manufactured in accordance with this invention;

FIG. 2 is a schematic view of the vacuum processing apparatus for

executing the processing of this invention;
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di ffusing netal atons of at |east one of Dy and Tb of the adhered
evaporating material into a grain boundary phase of the sintered

magnet . 2. The nethod of manufacturing a pernmanent nagnet
according to claim1l, wherein the sintered nagnet and the evaporating
material are disposed at a distance from each other. 3. The

met hod of manufacturing a permanent magnet according to claiml1l or 2,
further conprising: increasing or decreasing an anount of evaporation
at a certain tenperature by varying a specific surface area of the
evapor ati ng nafébi ab i8i apeskemptict explpnators sting ehanberosswpdiaabypian

amount of supply of the evaporated gvaporatin terial to the
surface of pgﬁga_é?qﬁlgggaeqﬁgﬁgfaqttgr ' %@ancgwqﬁhg PYRE 88t hod of
manuf act uri ng e i : i ] g
e urthor oo HIENS hn BRGNALaBEC Ok, brliRp eriiiRh, OF thohriack

| east one of By ahteddd imbgnétheagsal rbybataddningphasd BIGt he (B) nkeard
magnet, executing heat treatnment to renove strains of the permnent
nmagnet at &xplasataryr vieme dhowing the uefaceonditiom of e pezm@nent magnet
t enper at ur e. 5,.The t hod nuf act.uri ng a pernmanent nagnet
accor di ng W%c%%dmagqogﬁﬁ%celwﬁ%r 18 WF#‘%’?’ conprising, after
having di ffuseqe!glisah Opmb1ofsiidtvih@abhgRlife ProfditfRdof Rhb Nh&ridint
grai n boundary phase of the sintered nagnet, cutting the sihtere
magnet i nt enagretedeidhotured ih hicededese withdEdinigetiadoangder pendi cul ar to

t he magnetic al %nrren_t direction. 6. A permanent pagnet
characterized iF§G. 6 is a table showing magnetic properties of the permanent

magnet manufactured in accordance with Example 1b.

[Description of Reference Numerals and Characters]

[0051]
1 vacuum vapor processing apparatus
12 vacuum chamber
20 processing chamber
2 box body
21 box part
22 lid part
3 heating means
S sintered magnet

M  permanent magnet

v evaporating material
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that an iron-boron-rare earth based sintered nagnet disposed in a
processi ng chanber is heated to a predeterm ned tenperature;

that an evaporating naterial disposed in a sanme or another processing
chanber is heated to evaporate the evaporating naterial conprising a

hydride containing at | east one of Dy and Tb . t hat the evaporated
evaporating material is caused to be adhered to a surface of the
sintered magnet; and that netal atons of at |east one of Dy and

Tb of the adhered evaporating naterial are diffused into a grain

boundary phaggygf I5hGLATMED ¢g: magnet .

1. A method of manufacturing a permanent magnet comprising:

heating iron-boron-rare earth based sintered magnet disposed in a
processing chamber to a predetermine@ temperature;

evaporating an evaporating material disposed in a same or another
processing chamber, the evaporating material comprising a hydride
contﬁining at least one of Dy and Tb;

causing the evaporated evaporating material to be adhered to a surface
of the sintered magnet; and

diffusing metal atoms of at least one of Dy and Tb of the adhered

evaporating material into a grain boundary phase of the sintered magnet.

2. The method of manufacturing a permanent magnet according to
claim 1, wherein the sintered magnet and the evaporating material are

disposed at a distance from each other.

3. The method of manufacturing a permanent magnet according to
claim 1 or 2, further comprising: increasing or decreasing an amount of
evaporation at a certain temperature by varying a specific surface area of
the evaporating material disposed in the processing chamber, whereby an
amount of supply of the evaporated evaporating material to the surface of

the sintered magnet is adjusted.

4, The method of manufacturing a permanent magnet according to
any one of claims { * ov - 2, further comprising, after having diffused the
metal atoms of at least one of Dy and Tb into the grain boundary phase of
the sintered magnet, executing heat treatment to remove strains of the

permanent magnet at a predetermined temperature lower than the said

temperature.
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5. The method of manufacturing a permanent magnet according to
any one of claims 1 - o 2, further comprising, after having diffused
Ametal atoms of at least one of Dy and Th into the grain boundary phase of
the sintered magnet, cutting the sintered magnet into a prede;termined

thickness in a direction perpendicular to the magnetic alignment direction.

6. A permanent magnet characterized in:
that an iron-boron-rare earth based sintered magnet disposed in a
processing chamber is heated 1o a predetermined temperature;
that an evaporating material disposed in a same or another processing
chamber is heated to evaporate the evaporating material comprising a
hydride containing at least one of Dy and Th
that the evaporated evaporating material is caused to be adhered to a
surface of the sintered magnet; and
that metal atoms of at least one of Dy and Tb of the adhered
evaporating material are diffused into a grain boundary phase of the

gintered magnet.
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