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

[l bchnical Field] [00011 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]
[0001]

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 Th
is diffused into grain boundary phase of a Nd-Fe-B based sintered magnet,
and to a method of manufacturing the permanent magnef.

[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 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.

[0003)

On the other hand, since the Curie temperature of the above-described
sintered magnet 1s 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 Th to a predetermined thickness (to be formed in 2 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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oriented in magnetic field {(alighment in magnetic field), and is

compression-molded in a state in which the magnetic field is being charged,
thereby obtaining a molded body. This molded body is then sintered under
predetermined conditions to thereby manufacture a sintered magnet.

[0008]

As a compression molding method in the magnetic field, there is
generally used a uniaxial pressurizing type of compression molding machine.
This compression molding machine is so arranged that alloy raw meal
powder is filled into a cavity formed in a penetration hole in a die, and a
compression (pressing) force is applied from both upper and lower directions
by a pair of upper and lower punches to thereby form the alloy raw meal
powder. At the time of compression molding by a pair of punches, due to
friction among the alloy raw meal powder that is filled into the cavity and
due to friction between the alloy raw meal powder and the wall surfaces of
the die that is set in position in the punch, a high orientation cannot be

obtained, resulting in a problem in that the magnetic properties cannot be
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[Disclosure of the Invention]
[Problems to be Solved by the Invention]
[0010]

In a sintered magnet made by sintering an alloy material containing a
Jubricant, much carbon (ashes of lubricant) remains in the grain particles.
From this fact, in case the above-deseribed process for diffusing Dy, Tb
adhered to the surface of the sintered magnet into the grain boundary phase
is to be executed with the sintered magnet manufactured in this manner,
there are cases where Dy, Tb reacts with the residual carbon (ashes of
Jubricants), resulting in disturbance of diffusion of Dy, Tb into the grain
boundary phase. If the diffusion of Dy, Tb into the grain boundary phase is
disturbed, the diffusion process cannot be executed in a short time, resulting
in poor workability.

[0011]

Therefore, in view of the above points, a first object of this invention is

to provide a method of manufacturing a permanent magnét in which Dy, Tb

adhered to the surface of the sintered magnet containing lubricants can be



[ Problens to be Solved by the Invention] [0010] In a sintered
magnet made by sintering an alloy material containing a |ubricant,
much carbon (ashes of lubricant) remains in the grain particles. From
this fact, in case the above-described process for diffusing Dy, Tb
adhered to the surface of the sintered magnet into the grain boundary
phase is to be executed with the sintered magnet manufactured in this
manner, there are cases where Dy, Tb reacts with the residual carbon
(ashes of lubricants), resulting in disturbance of diffusion of Dy,
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whi ch has hi B®18kgnetic properties. [Means for Solving the Probl ens]

In order to solve the above-described problems, the method of
manufacturing a permanent magnet comprises; a first step of adhering at
least one of Dy and Tb to at least part of a surface of a sintered magnet
made by sintering iron-boron-rare earth based alloy raw meal powder
containing a lubricant; a second step of heat-treating the sintered magnet at
a predetermined.-temperature to thereby disperse at least one of Dy and Th
adhered to the surface of the sintered magnet into grain boundary phase of
the sintered magnet; wherein the sintered magnet employed is
manufactured in an average grain size within a range of 4 pm ~ 8 pm.

[0013]

According to this invention, by setting the average grain size to a
range of 4 ym ~ 8 pm, Dy andfor Tb adhered to the surface of the sintered
magnet can be efficiently diffused into the grain boundary phase without
being affected by the carbon (ashes of a lubricant) residual inside the
sintered magnet, thereby attaining bigh productivity. In this case, if the
average grain size is smaller than 4 pm, although there can be obtained a
permanent magnet having a high coercive force because Dy and/or Tb has
been diffused into the grain boundary phase, there will be diminished the
effect of adding the lubricant to the alloy raw meal powder in that, at the
time of compression forming, flowability can be secured to thereby improve

the orientation. Therefore, the orientation of the sintered magnet becomes



10012] In order to solve the above-described problens, the nethod
of manufacturing a permanent magnet conprises; a first step of
adhering at |least one of Dy and Tb to at |east part of a surface of a
sintered magnet nade by sintering iron-boron-rare earth based all oy
raw nmeal powder containing a |ubricant; a second step of
heat-treating the sintered magnet at a predeterm ned tenperature to

t hereby di sperse at | east one of Dy and Tb adhered to the surface of
the sintered magnet into grain boundary phase of the sintered magnet;
wher ei n t hepginied, e Apgiut, tharrrbﬁmﬁdnfi fufrdBhife hiid @He infaxamhuay ehags
grain size wthin a range of 4 pm - 1];0 [ 0013] According to
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as a result? a ion, Ffe"’ﬁé) ugl | caxbayerree sy“”éﬁﬂ%f Hgg/eﬂﬁﬁn‘imf&?eihgﬁ‘ uct
showi ng t he I 4 :
Show ng.<NCTRAREIhE JEEBGAIES, PHRsl PHELEind B bty wEon
coercive fotmm lhemmes lhweaasd the eopkability lmcémes paosrge and, i n
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reduci ng the coercive on'reacts
with Dy andhoignéb ianthd ipeocdistihgseltamiadfr Riyd i idatingh €hg aand) Okwaditgy an
phase wi |l be hindered, whereby. the diffusion tinme becopes |onger and
t he wor kabi EY4RPradeg ﬁ%telagbgontammg at least one of Dy and Th, the evaporating

material being disposed in a same or another processing chamber; causing
the evaporated evaporating material to be adhered to the surface of the
sintered magnet by adjusting an amount of supply of the evaporated
evaporating material to the surface of the sintered magnet; diffusing at least
one of Dy and Th in the adhered evaporating material into the grain
boundary phase of the sintered magnet before a thin film made of the
evaporated material is formed on the surface of the sintered magnet; and
then executing the first step and the second step.
{0018]

According to this configuration, the evaporated evaporating material is
supplied to, and adhered to, the surface of the sintered magnet that has
been heated to the predetermined temperature. At this time, since the
sintered magnet was heated to a temperature at which the most optimum

diffusion speed can be obtained, and since the amount of supply of the



[ 0015] Preferably, the nmethod further conprises: disposing the
sintered magnet in the processing chanber and heating the sane;
heating an evaporating material containing at |east one of Dy and Tb,
t he evaporating material being disposed in a same or anot her

processi ng chanber; causing the evaporated evaporating material to be
adhered to the surface of the sintered magnet by adjusting an anount
of supply of the evaporated evaporating nmaterial to the surface of
the sintered magnet; diffusing at |east one of Dy and Tb in the

adher ed evapedmirhting tRiteriabio thesarfabeofghabintbedngdagnes hasedj@ted, e
sintered magnet before a thin filmpade of the evaporated material is
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t he above-descri be cessing. The surface of .the nuf act ur.ed
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be prevent edequared, thepaby attairdng phigh prodaetdstyng becones not required,

t her eby atta{({bi}[}g a high productivity. [00171 Further, by causing
Dy and/or Tb e diffused and spread honobgeneously into the grain

boundary phase N n hgt.e.capn b i
per manent mgne?ﬁl{thg)t? ﬁgskgﬁﬁg p?gh%%ﬁlgge%gn&?oge T%iféralg %ﬁﬁ %&ﬁgsg)rf%%ase
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phase, that has diffused Dy and/or Tb only in the nei ghborhood of the
surface of %%ﬁr%htﬁéne;na,P%@aé‘e%%%neéft ihas apB¥ richhphasecard/er ve
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occurred de ejg% S i% c%géi%%%gﬁ{fa%}éﬁgr%" E‘g qﬁce%% E% 6sf(l}r’r f ?@? ?)1{‘9{%%@%1

si ntered nabonaidazy phhse, thaehes diffused Dgtdndvordlh bile isithé @eRMbOFRQOE b
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coercive foﬁﬁ&‘ ‘high magnetic properties. In addition, in case there have occurred

defects (cracks) to the grains near the surface of the sintered magnet at the
time of fabrication of the sintered magnet, there will be formed Dy-rich
phase and/or Tb-rich phase on the inside thereof, thereby recovering the
magnetization intensity and the coercive force.
[0018]
In the above-described processing, if the sintered magnet and the

evaporating material are disposed at a distance from each other, when the



[ 0018] In the above-described processing, if the sintered magnet
and the evaporating material are disposed at a distance from each

ot her, when the evaporating material is evaporated, the nolten
evaporating material can advantageously be prevented fromdirectly
getting adhered to the sintered nagnet. 10019] Preferably, the
adj ustment of the anmpbunt of supply of the evaporating material to the
surface of the sintered magnet is executed by varying a specific
surface area of the evaporating naterial at a certain tenperature,

t her eby i nceeasirating rmdltecia¢ ds iengpdriaéedanha nholbén evapmatingonatedtnd aadi Nng

to this configuration i t hout t E’ negid oL{/changi ng the arrangenent
of the appaPdvaRiagepusly y%rpr%wﬁwiq om, dirggtly, gefiting fdhered te fae simtered
processi ng er Wi th separate parts required for increasing or
decr easi ng anount of supply of Dy and/or Th to the surface of the

si ntered nmagp@19]t he anount of supply to the surface of the sintered
magnet can be easil|y adjusted. [002 In order to renove stains,

( 0 :
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in which the sintered nagnet is disposed.
thereby increasing or decreasing the amount of evaporation. According to
this configuration, without the need of changing the arrangement of the
apparatus such, for example, as providing inside the processing chamber
with separate parts required for increasing or decreasing the amount of
supply of Dy and/or Tb to the surface of the sintered magnet, the amount of
supply to the surface of the sintered magnet can be easily adjusted.
[a020]

In order to remove stains, gases, and moisture adhered to the surface
of the sintered magnet before diffusing Dy and/or Tb into the gain boundary
phase, it is preferable to reduce the pressure in the processing chamber
and maintain the pressure thereat prior to heating the processing chamber
in which the sintered magnet is disposed.

[o021]

In this case, in order to accelerate the removing of the stains, gases,
and moisture adsorbed to the surface, it is preferable, after reducing the
processing chamber to a predetermined pressure, to heat the processing
chamber to a predetermined temperature and maintain the temperature
thereat.

[0022] |

On the other hand, in order to remove oxidized film on the surface of

the sintered magnet before diffusing Dy and/or Tb into the grain boundary

phase, it is preferable to clean the surface of the sintered magnet by plasma



(0021] In this case, in order to accelerate the renoving of the
stains, gases, and noi sture adsorbed to the surface, it is
preferable, after reducing the processing chanber to a predeterm ned
pressure, to heat the processing chanber to a predeterm ned
tenperature and maintain the tenperature thereat. 100221 On the
ot her hand, in order to renove oxidized nmon the surface of the
sintered magnet before diffusing Dy and/or Th into the grain boundary
phase, it is preferable to clean the surface of the sintered magnet

by pl asna doPlig b ty QE5SH -cﬂg{gﬂe i | .
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di f fused Dydwmpdéask. Tb into the grain boundary phase of the sintered
magnet, heat &[?% tment is preferably executed to renbve strains in
t he per rranen[ gnet at a tenperature |lower than the said
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recover ed.
remove strains in the permanent magnet at a temperature lower than the
said temperature. According to this configuration, there can be obtained a
permanent magnet of high magnetic properties in which the magnetization
intensity and coercive force are further improved or recovered.
[0024]

In order to solve the above-described problems, the permanent magnet
according to claim 9 is made by: sintering iron-boron-rare earth based alloy
raw meal powder containing a lubricant; adhering at least one of Dy and Tb
to at least part of a surface of a sintered magnet which is manufactured so
as to have an average grain size of 4 pm ~ 8 pm; and executing heat
treatment at a predetermined temperature so that at least one of Dy and Th
adbered to the surface of the sintered magnet is diffused into grain
boundary phase of the sintered magnet.

[Effects of the Invention]
[0025]

As described hereinabove, the method of manufacturing a permanent
magnet according to this invention has the efffects in: that Dy and/or Tb
adhered to the surface of the sintered magnet containing therein a lubricant
can be efficiently diffused into the grain boundary phase; and that a
permanent magnet having a high productivity and high magnetic properties
can be manufactured. Further, the permanent magnet according to this
invention has an effect in that it has high magnetic properties and has a
particularly high coercive force.

[Best Mode for Carrying Out the Invention]



[ 0024] In order to solve the above-described problens, the

per manent magnet according to claim9 is made by: sintering

I ron-boron-rare earth based alloy raw neal powder containing a

| ubricant; adhering at |east one of Dy and Tb to at | east part of a
surface of a sintered magnet which is nanufactured so as to have an
average grain size of 4 pm- 8 pm and executing heat treatnent at a
predeterm ned tenperature so that at | east one of Dy and Tb adhered
to the surface of the sintered magnet is diffused into grain boundary
phase of the{ggosiered nmagnet. [Effects of the Invention] [0026]

As descri bed herei nabove, the nethod of manufacturing a pernmanent
magnet accor di nfittoraferiesce ’m/EKi$ onanrh8, & hermedreioé oagneh M ofidee rDysent

d/or Tb adhered to th [ oS siar e ed t. cont
Ther of n o | UNEFBARCS EAAp e EReR ) S FoaT Y SR PREG TRiEogF RFfpossry

boundary phﬁsa%uu&nq! Ebﬁtpﬁcéa@ﬁlgﬁr@ntevaﬁ&@% ghayi @Gaﬁbrﬁﬂlﬁ%‘ material v
productivity and magneti c properties can be manufactured

Further, t heorrtannnglahtleasi.g}mtofaﬁy(amdl Hgj dawsinig thei ewapntdted ehapomting
PR MENE IR ALY N AT
(0026) S that has been machined to a predetermined shape; and diffusing the metal
atoms of Dy and/or Tb of the adhered evaporating material v into the grain
boundary phase.

[0027]

The Nd-Fe-B based sintered magnet S as the starting material is
manufactured as follows by a known method. That is, Fe, B, Nd are
formulated at a predetermined ratio of composition to first manufacture an
alloy material of 0.05 mm ~ 0.5 mm by the known strip casting method.
Alternatively, an alloy material having a thickness of about 5 mm may be
manufactured by the known centrifugal casting method. In addition, a
small amount of Cu, Zr, Dy, Al or Ga may be added therein during the
formulation. Then, the manufactured alloy material is once coarsely
ground by the known hydrogen grinding process and subsequently finely
ground by the jet-mill fine grinding process, thereby obtaining alloy raw
meal powder.

[0028]

At the time of executing a forming step in the magnetic field as
described hereinafter, the alloy raw meal powder has added thereto a
lubricant iﬁ a predetermined mixing ratio, and the surface of the alloy raw
meal is coated with this lubricant for the purpose of improving the
orientation by securing the flowability of the alloy raw meal powder and also

for the purpose of facilitating the releasing of the formed body off from the

metal mold, and for other purposes. As the lubricant, solid lubricants or

10



Wth reference to FIGS. 1 and 2, a pernanent nagnet M of the present
invention is manufactured by sinultaneously executing a series of
processes (vacuum vapor processing) of evaporating an evaporating
material v containing at |east one of Dy and Tb; causing the
evapor at ed evaporating naterial v to be adhered to the surface of a
Nd- Fe- B based sintered magnet S that has been nmachined to a
predeterm ned shape; and diffusing the netal atons of Dy and/or Tb of
the adhered evaporating material v into the grain boundary phase.

[0027] lighR 1M¥8riEen R RA%Esa %vl}‘ LReSTyRARRE b 8atl Hh%y ook ldBfhage

material is rmanufactured as tollows by a known nethod.” That is, e
B, Nd are fthemmetabanald. a Asr timhetseh@hbﬂcarﬂ:‘s,l thayb m*rﬂneshsuedrﬂaml]farrst

Casti ng. met AORPOURAMERE: sy Mo, Erapyion e s SHEh b gL (1 RS
et hod. 1 AN an P QKR A el (R S0QIBoRIRL TiNiTack B0 9

added therelme)dwn'gangct}hghfpnlymbﬁ (PTEE Thesd, ilﬁ;ﬁzdtﬁflnj(bﬁtwsed highey
material is g ce, coarsebﬁy ground by the known dro%'ﬁl (grl ndi_ng
process and@ brsed fAtH #e ;ﬁnﬁ%b?@db@thhﬁljiéﬁtﬁ pe mmtaljmaﬁap ng

process, th y t al ]
time of exe% hga?lg oepl‘rlrllﬂg)g s]%t #éar‘é\itcﬁﬁ?'#ag \Q%%i)l eﬁééazsl e carria%ed
her ei naft er etHyr@eaimm ﬁm\ﬂamleﬂm\we@d hassadded ther eto a |ubricant

in a predete@zafd m xing ratio, and the surface of the alloy raw
nmeal is coat th this lubricant for the purpose of irrprovi ng the

orientation by t-he 1o

and al so for th@ﬁgtﬁj‘ onHe }(1)*}114’ a%%?tlgtlu ‘ﬁ&“%m gég%%y%ﬁmﬁfﬂgﬁ@ag
body off fr Qf@ab@@naff@ﬁal (ﬁE@bﬁbl@ﬁlﬁ’s §@h & BREorVil, RSt oﬂsphﬁﬁ oil, and
| ubricant, solid lubricants or liquid |ubri cants havi ng a | ow

viscosity athe liged mipexaanilsi tpeyméﬁymogre@l@m@d thee like), sandrorghnia\dow he

lid I ub h be | MD 2,
Nose. gr aphieleulsr mariid fg¥ erats obtne AL Bpa ekl LETERR Fotist pd ipidf
like), rigi ﬂaéé&t ww Qi-aﬂe(fﬂttgrﬁ'éf&jesﬂ@b"ﬂﬁed) TIINW%WW&&}&MMB%

organi ¢ high po yners (PTEE based, aliphatic 'nylon based, higher
al i phatic bhgeid, fatty taypxdachqulalrrf&téy e bsterateny liguid 8sbrine Habeidant.

RN R NN YR L AL
[00291 carbon residue content of the lubricant that remains after sintering lowers
the coercive force of the magnet. Therefore, it is preferable to use low
molecular weight materials to facilitate the removal in the sintering step.
[0030]

In case a solid lubricant is added to the alloy raw meal powder P,
addition may be made in a mixing ratio of 0.02 wt% ~ 0.1 wt%. If the
mixing ratio is less than 0.02 wt%, the flowability of the alloy raw meal
powder P will not be improved and, consequently, the orientation will not be
improved. On the other hand, if the mixing ratio exceeds 0.1 wt%, the
coercive force lowers under the influence of the carbon residue content that
remains in the sintered magnet when the sintered magnet is obtained.
Further, in case a liquid lubricant is added fo the alloy raw meal powder P,

it may be added in a range of 0.06 wt% ~ 5 wt%. If the mixing ratio is less

11



On the other hand, as the liquid [ubricant, there can be |isted
natural griease material (vegetable oils such as castor oil, coconut
oil, palmoil, and the like; mneral oils; petroleum grease; and the
|ike), and organic | ow nolecular materials (lowgrade aliphatic
based, |owgrade fatty acid am de based, |lowgrade fatty acid ester
based). It is particularly preferable to use liquid fatty acid,
liquid fatty acid ester, and liquid fluorine |ubricant. Liquid

| ubricants are used with surfactant or by diluting with solvent. The
carbon resi ghgn OOB Qitts, Ghe thrvdbildy 68tHe il raRREASPSFAGT well HoeHeNd
| owers the coercive force of the nmagnet. Therefore, It is preferable
to use | ow rmprevedanduspntequentlsrthare is o possibility shat thecoriemtatiah Wikl

the sinterin tep. [0Q30 In case.,a.solid Lubricant is. added, to
the alloy r 5\%}: ?F%d}f}’pﬁ'{')‘(ﬁger ,tbgdf@ff %’ﬁnﬂaﬁﬁgg NS FaHen froeedy r"&ﬁ’?'o
of 0.02 W Y%the Qockeik Horck llokhR WhderNBeinfibOadeSof! 188 SabitA rdlidle Wntbnit he
flowability of the alloy raw neal powder P will not be I nproved and,
consequent | yhat temaing entla siotered [mhagret wWien thp sinvtered Maghbieisabbsined.
hand, if the mxing rati xceeds O, %. the coercive faorce |.owers
under the i %gq Pﬁ‘?@gy’oﬁs ttﬁ%ﬁt‘g‘ﬁ o éé"?\%rheth@oﬁﬁ’élnf“%t’ﬁépt raé‘ﬁ‘am?silﬂwdt he
sintered ma : i | I e i

case a liqui %a\lg?%ggtﬁtﬁ ﬁ?&s;' tggg{el%q%%ﬁtg %ha els%@labg%}/ﬁ%g%ltg%g%ﬁeérwﬁép?ft
may be addedhé allay ramgeeadfpotrdeb Pld,-due totlfighdiflubhieating effact! athighdrs

less than 0.05 w % the flowabi&ili tél“ f the alloy raw nmeal powder
wi |l not beOFRpRasARY camdbe obraBete @?eweﬂs PE BSiBGs $iehi 19 (ypiadiak

t he orient atj 1 j ] j
i ng vt SréBubtalds 86 oPErhREANE ol ihe REHBL ilor Mtradely hiline o
i nfl uence oknbWa coAstpaetidng $heluBoyE fait @idal bbrtler ®MBaintng the Brivimseised

magnet when the sintered nagnet is obtained. By the V\B.i/ as the
| ubri cant s, formedoiingor fpredetenningsy shang imthe t magngtipifield; uisr theaenften e

added, the ' willibe wdely.spread ta every. corner of the

alloy raw nglgﬁgé;%\%&tgﬁi% aan]él,l‘w&lﬁe%#gxﬁﬁg hgﬁ’mlaﬁ%r iaélgti g Sérr#ﬁ% ,u’é&r

hi gher ori eptaddt@imiaed chbediedbha WRekebPUhs SBHANELSribBY siftb P mRgHet isd
uni axi al pressuri zing type of conpression nolding machi ne (not

i |1 ustrat edyamfagtyrad- known construction, the alloy raw neal powder
containing t libl’i cants: is forned into a predeterm ned shape in

the magnetic fiel'd; is thereafter housed inside a known sintering

furnace; and isgyi ﬁhbe&@ﬂ iHHEsi e RSP nfilpien @thde ORHbint &gy tMOQNEP Yatvhe
(0031] By the

above-described sintered magnet is manufactured.
way, in themAshpewder nenfaitingdubritants itherein, rayen lié thé¢ miyingavativeal the

powder contai,ni.ng.l ubricants therein ven if t m xing ratio of the
obr § cant o TPt ieb R HeguiPrapae. Thecktgins oidbs PthEPagasidinve
nmagnet have rgSghAuarbERATRMN coRtht CTIMhdRicas).! UPKdreRRE Sif- DINSEB50NS,

if Dy and/or Th reacts with the residual carbon in executing the

vacuum vaporegptdwatsthegresidval dafifomsinoereofitiy theystaarunT lyapot pradessigg,ai n
boundary phase wiJ |. be disturhed. .aresult, the diffusion .
processi ng ?@"ndﬂijﬂmf’ﬁr?;dmea? Qﬁuﬁs ‘(‘)_rtiﬁr%'@é%sl? apa epgill be
executed i nggtafat Ak Preshlt, b %iﬁ'ﬁ@@g'pﬁ@(%tssin& I'(ﬁnEQHqL'u}hq.ﬂé Wkuum

manuf acturing the sintered nagnet S in éach of the steps were
optim zed, aaporPecessizgangptdicnesicuteddh 4 sterstinteer dd thisgembodmans,
made to fall, wt

i, f 4. - 8 A di to_thi
ar r angenent the,pq ﬁ?gsog‘??gg}l%ﬁ‘ﬁ' mQ&P B Tﬁ‘é “i?%reﬁl 52‘% ‘??thlfgﬁif’ FteRfe
sintered magnet P%iﬁ{}ﬂ?{a%‘& R ARaELdrdio ShCoPHld nberRl hlgndt! §GHLLd

magnet can be efficie
made to fall within a range of 4 pm ~ 8 pm. According to this arrangement,

without being influenced by the residual carbon in the sintered magnet, Dy

and/or Tb adhered to the surface of the sintered magnet can be efficiently
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di ffused, thereby attaining a high productivity. (0032) In this
case, if the average grain size is less than. 4 pm there can be
attai ned a permanent magnet having a hi gh coercive force because Dy
and/or Tb has been diffused into the grain boundary phase. However,
there will be reduced the effect of adding the lubricants to the
all oy raw neal powder, the effect being that the flowability is
secured at the tine of conpression nolding in the nmagnetic field and
that the orientation is inproved. The orientation of the sintered

magnet wi || giffised iR eysyySRB8did W highSprddh@siyt . the remanent fl ux
density and the npaxi mum energy product indicating the magnetic

properties w0032)e | owered. On the other hand, |f t he average grai n
size is larger th e coercive fqorce w be | owered and
20a1tion, 1t he. oI PlisgeRh g HiF apees etmn Eﬁzﬁmdlgﬁq s debesh ot F
As a resul t geibhed Qtlbé}nféfneﬁﬁ’r}ﬁ%ﬁertaﬁéﬁﬂ b &‘Ehguﬁlrcé:%'é?zg{}ce

the grai n boundari es becones higher, thu t e coercive
furt her | owendidr Thrlgsibeen diffesddiihicoihe glrhm bommidatyephasar bHoweeas tiorwi t h

d/or Th, and Dy is di b tting diffused jnto th
g[ﬁ/ ain bgtrmdﬁ’v‘lﬁ’ﬁh’é?%c‘la‘iﬁgl g a@til § B lallnggfuﬁis ctﬁu@gcféiﬁgfsgavmg’@#
and the progyghlyid.y &@&e@ang%wm Lo dhiey. s S8R0V b B o, 2

vacuum vapof proctessi ng apparatus 1 for exec Ot h§ the above: deser® bed

processi ng baspwsyian umioldihgriaethel Zodghewdi Gd1d amdd @EstitRe CaieRgtisredsiced
to, and kept at, a predeterm ned pressure é’e.g., 1 x 10 Pa) through
|03

an evacuat | HgPHasks The stientation: off the- sinfered maaenst will tim,%dmmprsene
L ow o PR, a8 L, W rerl BEER: W ARRD°fnd fiph NG aX A hEhAT DS

12 a box bo 2 Conprising: rect'angu

W th an uppgfrodudt Lilienthed tige ﬁ&@ﬂetlél@%ﬂrhééjwmfbb 18% el COH Bhe other
detachably nounted on the open upper surface of the box part 21

10034] hamd,dtSM\reaage m:@ sizedn iprgenthans m; Haslcapriviey farbewalhbé r e

ci rcunferen Jld en the Li art .22 nted in
posi tion onfot%ﬁ’(‘)"t"d é*e ?‘}\#\g cﬁc?)?%ﬁ% he,graiy r‘?B“’P‘ill%‘fjie BIWEF 5
fitted int oSﬁaaﬂepum@ra malu!lt Qﬁe ka0 BP%mehitratidn bf ﬂletfysﬁiu%@%@nboﬁqlear
vacuum seal such as a netal seal is provi ded), so as to define a

pr ocessi ng Biraersén bgmdmezﬁmbecgmueséméxeédarid ﬁmstﬂbe coammenfomamfartm

bressur e ¢ nRSTBH FE°3y ot AREghnfhe TSR] ERoh easty ih hEGRARE Lou o
Lo 5 presour s (le dlshabll shRychiing h"‘ﬂ%‘*h’h e E?Z"‘WQ’P"%E%@” )
hal f a di gi wheteby thhdime of tiffusicrbesomek dodger ahﬁ. the productivn‘,y becomes
poorer.
{0033]

As shown in FIG. 2, a vacoum vapor processing apparatus 1 for
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.

[0034]
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[ 0035] The vol une of the processing chanber 20 is set, taking
into consideratiron the nean free path of the evaporating material v,
such that the netal atons and the |ike of Dy, Th in the vapor

at nosphere can be supplied to the sintered magnet S directly or from
a plurality of directions by repeating collisions. The surfaces of
the box part 21 and the |lid part 22 are set to have thicknesses not
to be thermally defornmed when heated by a heating neans to be

descri bed hereinafter, and are made of a material that does not react

Wi th the evaporat i v i%hQl) abet HRRRO] 222 id NoPhbET MOHFSihdVhektithe

evaporating material v is Dy, Tb, in case A] 203 which 1s often used
in an ordi nzibyumfoence apphe didiparts 28s eWhenhéhee lidspartp®2 5& binbunted t inat

Dy, Tb in the yvapor atnosphere re s wth A 20 d form, prodycts of
reaction on PPRE08 gorthenpre surace ¢ Ihoﬁﬁ&rq%&gﬁ%& %8 1%&*@&(%“%

atonms into t . o) [ box
ody 2 1's. miig EAchal (PR R G: 2GR Yasd oo YEGRL Bl Xpol B8 o

rare earth ehe&tabséA iadaedidd), ablayto défimdsadoddesiakl dwmtardd didh fe) |
CaO, Y203 or, oxides of rare earth elenents, or constituted by form ng

an i nner | i Astigfedframehe vieruen dramhestiter 1§ itstn eanfiggiradithat arhensthe
bear i ng 01 i G2y Qhufbe 12 8 roBbbA hesRlre MR ieRd By iz

mm (dia.)) is arranged Tn-lattice pr e el g

bot t om sur f ageo iapredetephiRdsteatns @ghex BB PAN thdprocbamid Eithibdr021a
a plurality of sintered magnets S can be placed side by side. On the
ot her hand, i tredesgdpby Bressgrardoes irzpsspre degppb oprilat By thehde dhigkera

bott om surfac Sj. urf aces. ar.,a_t surface of the,progessin
onanber 50, sbtastifly 8Y Hay dieRan BB fifhh SRS Rh chORRE 18T S Doed by
and/ or Tb whi[gégd]argely i nproves the grain nmagnetic ani sotropy of

principal phase. In addition, there may be used fluorides containing
at | east one of Thy aekunih . of| shedprocessing tdhemberayiObés wesbd teking Anto

thich 20,1 <2k Bah R 805 Boe AuRoR B S hrrbBob RUSRTR A s o
and by usinghe §nélal afdin®la@al tHeCliRE Of DY, MACH IR vAbSOYtRDsIHeEK chRB | S
obt ai ned and di sposed i nside the processing chanber 20.
supplied to the sintered magnet S directly or from a plurality of directions
by repeating collisions. The surfaces of the box part 21 and the lid part 22
are set to have thicknesses not to be thermally deformed when heated by a
heating means {o be described hereinafter, and are made of a material that
does not react with the evaporating material v.
[0036]
In other words, when the evaporating material v is Dy, Th, in case
AlyO3 which is often used in an ordinary vacuum apparatus is used, there is
a possibility that Dy, Tb in the vapor atmosphere reacts with AlzOs and form
products of reaction on the surface thereof, resulting in penetration of the Al
atoms into the vapor atmosphere of Dy and/or Tb. Accordingly, the box
body 2 is made, e.g., of Mo, W, V, Ta or alloys of them (including rare earth
elements added Mo alloy, Ti added Mo alloy, and the like), CaQ, Y:03 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
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[ 00381 Further, the evaporating material v may conprise at | east
one material of the group consisting of Al, Ag, B, Ba, Be, C C(Ca, Ce,
Co, C, GCs, Cu, Er, EBu, Fe, G2, &d, Ge, Hf, Ho, In, K La, Li, Lu,

My, Mh, Mo, Na, Nb, Ni, P, Pd, Ru, S, Sh, Si, Sm Sn, Sr, Ta, Ti, Tm
V, W Y, Yb, Zn, and Zr. [00391 The vacuum chanber 12 is provided
with a heating nmeans S. The heating nmeans 3 is nade of a materi al

that does not react with the evaporating nmaterial v, in the sane
manner as is the box body 2, and is arranged so as to enclose the

circunferen o 2.~ fhe.heat i ans 3 ¢

t her mal ins%lﬁn?jﬁr'?’g rVf':’e‘?vlua q%]g Nt ma?zée] @% ﬂ%sﬁffﬁﬂgaggpl Etﬁce at’a
reflecting ﬁtb’dfeeéi:ﬁ: ined hbight ARe tisdteme sﬁﬂ@é@&fme%&éﬁn@&ﬁﬁl’bhf%
heater which is disposed on the inside of the thermal insulating

material an@nvibichearing grid Plamwinrabity pbsintere] mBgnetedt ¢agbe plactibsidbody

chanber 20 P8 54981 (HL LR S BPd S GIRPTRETBGRAHOM ie SHERBDY e
i nsi de of t?&cm Qﬁ%sﬁbﬂﬂ&ncéﬁm@rsﬂ@sﬁﬁgcetéeor@ﬁ;p%r 2 Q?%]g%éeélsing

uniformy. 100401 A description wll now bé ma

manuf act ur i plgarobers2Ger manent magnet M u5| ng the above-descri bed
vacuum vapor, pr.a¢cessi ng apparatus 1. First of all, sintered magnets S
made in accouﬁ)aqﬁie wi th the above-described nmethod are placed on the

bearing grid 21 p I : AP '
material v is p ag%%éﬁotﬁgn%%ta%%@g tq"?ace o? &t c'é()): pa?@idﬂlgrgely
(accordi ng imp:tdves the @ami ntagnetc m@mﬁ@y&fmmﬁﬁ plvaeor B iad@ition,
material v d| sp%me a distance,fromeach other in the

processi ng ?rb‘éi‘y flupridas icprtaining i aigleast gpeiafi by andeTh dIpart
22 on the opgp Hp‘?ﬁerﬁ %ﬁcl?e Qlod e YRR t%tzlje?ﬁt} hﬁ %??Dﬁbgg)ﬂ P i % .
y the heat i in

pl aced in a pre e‘t erm ned” position encl ose g neans

the vacuum cirained. 12n (thiwe ckde(s the) evapbeitidghiyafiall heisefsamubittddnn@ans
11 the vacuum chamher_ 12 is evacuated until it reaches a
pr edet er ni nB¥pdgtexadned muging ratio gnd Gy peng e, pRodestsic mge dwendser a0

above) and PR o BRUCEE® HEREE i bbondl inith Jha orhdring cBRBber
heati ng nmeapg. 3 when the vacuum chanber 12 has reached the
predeterm nefloogrsfssur e.

Further, the evaporating material v may comprise at least one
material of the group consisting of Al, Ag, B, Ba, Be, C, Ca, Ce, Co, Cr, Cs,
Cu, Ex, Eu, Fe, Ga, Gd, Ge, Hf, Ho, In, K, La, Li, Lu, Mg, Mn, Mo, Na, Nb,
Ni, P, Pd, Ru, S, 8b, Si, Sm, Sn, Sr, Ta, Ti, Tm, V, W, ¥, Yb, Zn, and Zr.

[0039]

The vacuum chamber 12 is provided with a heating means 8. The
heating means 3 is made of a2 material that does not react with the
evaporating material v, in the same manner as is the box body 2, and is
arranged so as to enclose the circumference of the box body 2. The heating
means 3 comprises: a thermal insulating material of Mo make which is
provided with a reflecting surface on the inner surface thereofi 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
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[ 0041] When the tenperature in the processing chanber 20 has
reached the predeterm ned tenperature under reduced pressure, Dy

pl aced on the bottom surface of the processing chanmber 20 is heated
to substantially the sane tenperature as the processing chanber 20,
and starts evaporation, and accordingly a vapor atnosphere is forned
i nside the processing chanber 20. Since the sintered nmagnets S and Dy
are di sposed at a distance fromeach other, when Dy starts
evaporation, nolten Dy will not be directly adhered to the sintered

magnet S whes rface Nd-ri hase is_ nelted. Then. i n it he vapor
tmospher o Y S BEHRGE PRR S £ ERERr Prost g, Fi prediind ehiipbe L ELT)
or by repeaihdidectly! hestednthrotgd G308 J0 BNayIRIEARCEOIndife of the

sintered magnet S that has been heated to a tenperature substantially
t he same as prérassing chamber/2(p cambé hepted sebstantially Thifoxmlyhe Dy in the

vapor at rmspi@iﬁéi s supplied and adhered to the surface of the
sintered mag that has been heated to the sane tenperature as the

evaporati ng mat ar i o f . [ i i ey (] I
p g mat ar i@lyipfib@Wifl v balhdde &fthgilglﬁﬁllh’fa?ﬁlgler_? Lhg 3egzh5ﬁ&&t y

or by repeating collisions. The adhered Dy I nt e grain
boundary phassenet M heingi the ebede-degmbtd Sacuthe vabyr phicessimg gpparatus 1.
per manent nagnet M [00421 As shown in FIG, 3, when the

evapor ati ng effaplly FRtered \magpetar FospRER e s acepFrrey wWitht hide
surface of | t,Q f ' Ll m
L the sur PR AREAREH SERARF o ERed O e KRG 4P R B ghd B ok

det eri or at e@1( sad Dyces theugapessimeaatiil wds pdied Jonathedbot®an bhirfade of
recrystallization of the %/ t hat has been adhered_to, and deposited
on, the surfthe s Parte 2d; frcsprddngeignbhis,Sthe pinkeyed i wAgnetseSpDpndidiher ed

: dd ' 0N, . . he siq d h
been heat od TELuuae At Eef Y tACCeliaet O FaPURhACARY Bich Filoib s

gets nel t ed padedsddig Ghinbbe 26) C getirviedvingl ifolusslin pbdtibhehg i fistion a
region Rl near the surface of the sintered magnet S. As a result, the
magnet i ¢ pr epdhe open dwnp surfaceof tethoxarart ZApine/kex bedy ddoplaced in a
[ 00431 That .is.. once a.thin film of i s formed .t surface
of the si nt eraroHaRET shidr efolaiedohy s hsalineohiane chis dhs raceds;
the sinteredhamBaet12Nsad PIQ 20 t1Rnt Biukh | the PEGRUBENPYmEASN 11 the
conposition. Once the conposition beconmes Dy-rich, the |iquid phase
t enper at ur e vhexwan shamder B¢ is gvdaatedtntihis redches acpredatpmmingl peessure

hase i ner olBel <AD SPPE e otttk Grbated] ot RESURIFDAL oPreeHEe
sintered magiRitamihly MBIftELIANEGHHLARSE ALERY drilithd PiRcSREY bldlSer
20 is heated by actuating the heating means 3 when the vacuum chamber
12 has reached the predetermined pressure.
[0041)

When the temperature in the processing chamber 20 has reached the
predetermined temperature under reduced pressure, Dy placed on the
bottom surface of the processing chamber 20 is heated to substantially the
same temperature as the processing chamber 20, and starts evaporation,
and accordingly a vapor atmosphere is formed inside the processing
chamber 20. Since the sintered magnets S and Dy are disposed at a
distance from each other, when Dy starts evaporation, molten Dy will not be

directly adhered to the sintered magnet S whose surface Nd-rich phase is
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, increase. In addition, Dy excessively penetrates into the rains
together with a |l arge amobunt of |iquid phase and thus the maxi num
energy product and the remanent flux density exhibiting the magnetic
properties are further |owered. [0044] According to this

enbodi nent, Dy in bulk form (substantially spherical shape) having a
smal | surface area per unit volune (specific surface area) was

di sposed on the bottom surface of the processing chanber 20 in a
ratio of 1 - 10% by wei ght of the sintered magnet so as to reduce the
amount of ey rat inon a nstant te rature. J.n,additign e

t he evaporafn%itged'rm?g?zila ¥ {p P Fpor afags grlatsblpgil?(}n%ioﬁ‘baﬁﬁl}‘éaéggi g
chanber 20 vgctidils bithér Gakely Ur 8P AepeatidoOMsBhEf 8h@RdhePLH o the
1000C, by controlling the heating neans 3 (e.g., when the tenperature
in the procesdaceyof tharbimtered ©0O®:t- S 11had Gasthven dwniedted teammerature
pressure of wi l.l..be about 1 10-2 Pa - 1 .x 101 Pa). 045

 Ehe tenpariatapsal heentt ot dlas hghe Albmsetting aleroh i pEg theeDy
‘heati ng t empenrat WeoPlatkdigoRdBt 8" &plRANGI MnéRdPR) Pk §Q P

vel ocity of di ffus?’?’on of at olrrsﬁgjgherer%{to téﬁe SUI‘?H&%CE %fcfcet tﬁe%e

si ntered nagmétred magwett Behgt hns beenrdated fuhdee same rietmpertddre bt the
thus inpossible tQ make th be diffused_and honpbgeneously

. ato 0 Tt . )
penet rat ed PHARSTHRE MBRLEry, uﬁé’&r? H&é@ytﬁf dikRetionp edthen dHReHL OpbY or e
the thin fi I B b Yo TR f. & . e
ot her hand, kgﬁteaflﬁg toerrpe%gt Eﬂr?lg @%&%%&%@(ﬁﬁﬂpﬁg gggg@g%%lsnssh?‘ghg%pw
i ncreases apHaddufihe bintBedahagmetiS) thdreby sipainial aqephahentahagnet M.
excessively @l’,lc&%hl ed to the surface of the sintered nagnet S. In
addition, th s a possibility that Dy would be diffused into the
grains. Shoul d I §f dgi t rain he .magnet.i zat i on
Intensity in th‘éqggs?lg?vﬂs{% g‘f g'r ('ae'tattq'ilth%nrig1 u%eagoﬂaﬁgl,é ﬁaé?ré or é’,l g apor

msoéi m Ein enekfosphesh ialsupptied BE tHees@an of the Mneaa8 nbdgrat 8 JoWstid Torm
reauced.

a Dy layer (thin film) L1, the surface of the permanent magnet M will be
remarkably deteriorated (surface roughness becomes worsened) as a result
of recrystallization of the Dy that has been adhered to, and deposited on, the
surface of the sintered magnet S. In addition, the Dy 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 properties cannot be
effectively improved or recovered.
[0043]

That is, once a thin film of Dy is formed on the surface of the sintered
magnet S, the average composition on the surface of the sintered magnet S
adjoining the thin film becomes Dy-rich composition. Once the composition
becomes Dy-rich, the liquid phase temperature lowers and the surface of the
sintered magnet S gets melted (i.e., the principal phase is melted and the
amount of liquid phase increases). As a result, the region near the surface

of the sintered magnet S is melted and collapsed and thus the asperities
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(00461 In order to diffuse Dy into the grain boundary phase
before the Dy thin filmis §orned on the surface of the sintered
magnet 5, the ratio of a total surface area of the sintered nagnet S
di sposed on the bearing grid 2l1a in the processing chanber 20 to a
total surface area of the evaporating material v in bulk 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 filmis
formed on t fa e ' :

magnet havi R REEh ARgRarer P sart el AA R ed Mt QN gfhiny RSRRREY
case, the ahdtieadesgerdhedntr @lliquid bhbie midilarsaiheymbgio uiebigy prodacige
of 1 x 10-3 to 1 x 103 , and the above-described ratio of 1 x,10-2 to
1 x 102 is modeths apmansne flypndangity exhiitdeg dibsgmagnetie pigpeadies are
configuratign ing the vapor pressure and al so by reducing

t he anount gFﬂ%gé%%%ggion of Dy, the anount of supply of Dy atons to
the sintered{omgrlet S is restrained. In addition, by heating the
sintered nmagnet S at_a predetern ned tenperature range while

arrangi ng t he adepardingtostibis emberdiment,dy unlenlsiforme (enbstaniedly sbarical n
a predeterm ped ra%r}gﬁ the «i ffusion sig)eed ) 'IL be accg{eﬁr{%{,ed )
wi thout bei RGePHTTUeRS BcoBgl SHERPS AR Peo ek BEHES (eRestic HEFEF Arefed
nmagnet. As gydsefibpdse@onCih@itotReh shiffet s 186 bR saRe\Bambae 20n 3t AR
adhered to the surface of the sintered magnet S can be efficiently
di ffused i ntod 1t-h@0%rksi wetghired 4hy sivthersd régnet sosisnivareddeartignanotnf of
honobgeneous spreadi ng, bef or etting adhered t.0.the surface of the
o 6d- nmGRBESTEUaR bt Aot et Ao BpeTRegEr  (RRCHTET FALLRE FEOmaHEE A
a result, the,REEIRRENY, FRKRRIpeMGRD P, I%X@éahggdcﬁarmr%t@éé §tablang
on the surface thereof, and Dy can be restrai ned from bei ng

excessi vel y rangd of 80070 t~o 106@° Gy e fer ddy rirg +@00tGeby wohtxcHingf thehe

sintered magnet.. In this manner, by having a -rich phase (a phase
cont ai ni ng BFalPR “P??é‘srikg%' B t?‘eéﬁ%’e’r"’%uﬁ%&%PW%%%QWB%&%

and by di f f ushag ~DyooRrby thds4tFa188 VAPROH ARG Ofr i Gviflef Afchit Af x tiBe:
grains, the nagnetization intensity and coercive Torce are

ef fectivel y RarpovEtlPah addition, there can be obtained a pernmanent
magnet VI t aéﬁ,)requi res no fmshing work and that is superior in
productivity ? 48 As shown in FIG 4, when the sintered nagnet
S is worked int i f.l.gul.at.i i A t
ke, At tor havihibaREERlarial shiite® b Alkele dnbhlier ) (Rleondiilly 0

S, there ar deatiagsemperatucs af #e dntuwed niaghbeSYiabelswvgi0ed, theevdlbwty
princi pal phase on the surface of the sintered magnet, resulting in a

remar kabl e @&aEfsinmef oy atgms pdherad i theswstasp of thesintared mpaenet Jaako |

Ho s ! ) i . .
vy e P B BRIl i PRANS: ABREIA R, NS B HaRRN B ARREHIDY
the grains nreahsthbe 8iffiised andIrReadgeleouvd(openetisted ety thB@rain boundary

magneti zation intensity and coercive force are recovered.
rhase of the sintered magnet before the thin film is formed on the surface of

sintered magnet S. On the other hand, at the temperature above 1050°C,
the vapor pressure of Dy increases and thus the Dy atoms in the vapor
atmosphere are excessively supplied to the surface of the sintered magnet S.
In addition, there is a possibility that Dy would be diffused into the grains.
Should Dy be diffused into the grains, the magnetization intensity in the
grains is greatly reduced and, therefore, the maximum energy product and

the remanent flux density are further reduced.
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[ 0049] Cobalt (Co) has been added to the neodym um nmagnet of the
prior art because &a neasure to prevent corrosion of the magnet is
requi red. However, according to the present invention, since Dy-rich
phase havi ng extrenely higher corrosion resistance and atnospheric
corrosion resistance as conpared with Nd exists on the inside of
cracks of grains near the surface of the sintered magnet and in the
grai n boundary phase, it is possible to obtain a pernanent magnet
havi ng extrenely high corrosion resistance and at nospheric corrosion
resi stance 'ddy@yt using Co. Furthernore, at the tinme of diffusing Dy
adhered to the surface of the sintered magnet, since there is no
intermetal |i c cdiporded toaliffasenDyoin€® the gidie WoataryophasdabafofehereDpf
the sintered magnet S, the netal atoms of Dy, Tb are further

ef fici ent | ythinf ésjforfr@dau] the surfaeref] the siraﬂer@ir mageeh§. dheratice 2 he

b d f det f ti Cy
1 hour WAE e RERETERA DR e p PR Bl R REREo O Bearlad d
gas of 10 KBathé maée@aﬁgcaﬁmmroza he DELASE SRR ﬁmﬁ&h@@vaﬁw&uﬂg a
gas introducing neans (not illustrated), evaporation of

evapor at i ngnmemlu almxbulk fgxmpbawseémi theebqtm@maiaue of |the tphe:essmg

| dt t
Phe’ hoat | Do hiaRg 20 15 58 BUARA D Toate e8! 1A 158 TlnIBr OO« ne
processing eNATPRS rAthd & P 140 ~-ag rxai@etﬁ’efredaﬁggasesﬁ@@@e andid g8h is

treatment for removing the strains in the pernmanent magnets 1s
execut ed tofdrmedhm thepofaze oof thec sineret heagmedr 8i amel thag @ p&inmeaieny,

t he processin rTber is rapidly cool ed su tj al.ly_tqg room
t enper ature %VIBEP%BW@" < ptr He’bﬁ?m%ﬂﬁ% 9’&’8%&"&: fi5ése 12,

[00511 b, amemp&%éa%ho%an%e@mf Bl v éﬁi‘é'x?ﬁ%e g PR pf 4 on

has been nade of an exanple In S use evapor ati ng
mat eri al . HUV\We,r andi thiei abavehdeatiibeg tremnexfal ur d0rfangel (a 10dnie mofre
900C - 10000} he sintered magnet S that can accelerate the

di ffusion vB ‘if"c'iap Tb that is lowin vapor pressure can be used. O
el se, an all 49 Dy and Tb may be used. It was so arranged that an
evaporating material v in bulk formand having a small specific

surface area waAcdoséithgi to tdmedeetrovta eongiiracioh by dovaitidg cle exRRQireidge at
a certain tenperature. Howe without being |imted thereto, it may
be so arrangBd 2199y wdyawne 9|3H§P“s§'tPée%%@éﬁl@hafp@mthe@m@éé‘mﬂh is

di sposed | N5t 87 okt BOMPAELerld phBEPRSELALLRADC IRINIDS, BV aROGRL ' N0

material v rn granu ar orm or

speci fic sutiecintereh mhgnatd@i tat 0, prideRimieed rtgm@kamele th@ge while
evaporating naterial v in the pan, a Ildgénot illustrated) haV| ng a
plurality ofrigpementhe aesrase saimntismetpobthe sintered magnet S within a

predetermined range, the diffusion speed will be accelerated without being
influenced by the remaining carbon inside the sintered magnet. As a result
of combined effects of the above, the Dy atoms adhered to the surface of the
sintered magnet S can be efficiently diffused into the grain boundary phase
of the sintered magnet S for homogeneous spreading before getting adhered
to the surface of the sintered magnet S and forming a Dy layer (thin film)
(see FIG. 1). As a result, the permanent magnet M can be prevented from
deteriorating on the surface thereof, and Dy can be restrained from being
excessively diffused into the grain boundary near the surface of the sintered

magnet. In this manner, by having a Dy-rich phase (a phase containing Dy
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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 chanmber (another
processi ng chanber, not illustrated) may be provided inside the
vacuum chanber 12, aside fromthe processi ng. chanber 20, and anot her
heating means may be provided for heating the evaporating chanber .

After havi ng, gya Qﬁé& 65 L80sY AP ALALIAY bIBh &Ly ke 1 B alfRing Dy

evapor ati ng cha e evaporatin terl a in por

at nosphere galy hﬁthé maigitbdricadbef ﬂiép@iﬂfzﬁﬁ &fotHehgrashd)t thoesl aghaiRltion
i nsi de the processing chapber 20 through a conmunicati ng passage

whi ch comuinieasisy ap éoﬁfﬁﬁféé’%f* ﬁge efieatively puprarer.t Ha additien, shenegan

chanber tog 05 i f the ev

material v i%é o%i/tamt(ag géﬁnb%rrl% i nag% fﬁ%@‘at reﬁubrgs Hlé’af}'gﬁh?nrg X’%F%ﬁ&él of
700C - 1050@h4inik stperids #EprofluctBify. - 1050C, the vapor pressure of Dy

will be about |x _10-4 10-113a). At a terrper ature bel ow 700C, a vapor

pressure wil [00’&&] be reached at whi ch can be supplied to the

surface of the ntered S enequ d

into the grain rrﬁg e4 &Pec“ngj oPWé?reHDaﬁﬂgm?tnédés‘ﬁ g intd 2
evapor at i ng Jg&k&d nﬁ%-u}:a&ﬂp byt NE QHRAPQLALE, “%nﬁh%H@eIlkéméf&%? mGeind
in a range of 900C O0C. At" a tenperature bel ow 900C, the vapor
pressure w imamdactbeed dncibode-desontbied bimtbreat magnet) tha&xppﬂasmwheret he

surface of the.si ntered magnet S t he ot her, te erature
above 1150CCFafES AP Pethe %ﬁb%sea’héﬁ]ﬁr PingiRal 31?4?@ 2%en

t he nmaxi miMygHesigyerod oﬁﬁghe@nfbshnagr qpBRRQe E‘éméé]&é?bleg%éﬁéi- u%ﬂo%l the

In addition, in this enbodi nent, description h een na a case
i n which vamgnewap@womrueeséieag RIE. ex&olt edHowevernlebyt (examttmgﬁ e

%?Ehpgoduct gw.lret g{escrlgeg vlagi\{\?nthlra%gr %?'ch%!a%%, E:)}?ergpteﬂf gg f;[)r?néc{] zei IS? Srﬁ:h
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.

[0049]

Cobalt {Co) has been added to the neodymium magnet of the prior art
because a measure to prevent corrosion of the magnet is required. However,
according to the present invention, since Dy-rich phase having extremely
bigher corresion resistance and atmospheric corrosion resistance as
compared with Nd exists on the inside of cracks of grains near the surface of
the sintered magnet and in the grain boundary phase, it is possible to obtain
a permanent magnet having extremely high corrosion resistance and
atmospheric corrosion resistance without using Co. Furthermore, at the
time of diffusing Dy adhered to the surface of the sintered magnet, since
there is no intermetallic compound containing Co in the grain boundary
phase of the sintered magnet S, the metal atoms of Dy, Tb are further
efficiently diffused.

[0050]

20



per manent magnet i s obtai ned by causing Dy and/or Th to be adhered to
the surface of the sintered magnet (first step) by using a known
vapor deposition apparatus or a sputtering apparatus, and
subsequent|ly by executing diffusion processing to cause the Dy and/or
Tb adhered to the surface to be diffused into the grain boundary
phase of the sintered magnet by using a heat treating furnace (second
step). A permanent nagnet of high nagnetic properties can thus be
obt ai ned. [ 0055] In order to renove soil, gas or noisture
adsorbed on t heFsiifya a8t havifg @k tIRIRE abavPRE Y pRRMH o T LS
diffused into the grain boundary phase, it may be so arranged that

t he vacuum presdetrsmingd perioddof éng de.g., pr ed82 diqurse dhpr ayssatien (of.the, 1

it ot e O 5 BT e b Tl M R e

subst anti al ; a&iheF Lot iddhu I | I
cﬁanber I20, b%/oﬁg%lséa ltc fel?ﬁkgii' tr%'? ail ni né;glhtE h%sgl?lgﬂé%?g é%hﬁlsg(rggggg%tg%ﬁ‘ld)hed

peri od of tevapordtion bfithd evaporbiing aiatetiahy id bwphedit iyt tunspataturbe
i nside of the processing cha]I[’Tber 20 may be heated to . e.%, 100C,
thereafter HhilBRORESHNY chamber2lisanse dowarad do.pedi 800°G  Uomsinupudse)

On the ot ety Agkind e bV AMARA UAITER BRY o8, MUEkabin B

pl asma generating appar at us ustrta a kno

for gener at progedsingrchimhek a207s | 281 tde at higgy asuYBDTha880°0,2ahé heat
provi ded and, %i or to the processing inside the vacuum chanber 12,
there may bbreakaenifoy rempyiagithe sireinsindhe sermanastt ranenets inexeputed to
surface of i asima. . ln case fhe..sintered

nmagnet S anﬁﬂﬁ% g%lg%oog’rgap? %gg‘h’é’? eﬁ%éaf?&e\;&g? Jories pglgnéaﬁ o U PTERRRNE

processi ng chanbar 2013, rapidiy evsled oA AtiallPRDtoo P e rdt &R @@ hk hok he
vacuum chanber 12, and the lid part 22 may be nounted inside the

vacuum chanbedy 235 takenout pbthe vegnmehambend@n conpl eted. [ 0057]
Further in tf%s?ZbOdi ment of the present invention, a description has
been made of an"exanple in which the box body 2 was constituted by

nounting the Iiﬁlam%m%%dﬁﬁexﬁﬂopﬂreegre%yﬁﬁ #R8nflbn,! HelBPpA had been
However, if the processing chanmber 20 is isolated from?he vacuum

chanber 12 madecefnanee edy whigh Bysisr useslc evrihanéegomtinghengiesskur e
ducti g th 12, it 1 t | i, m

e above chaare SRR BRI «divernbua et (biat o a0 aplrd

magnet S i nprhehentdped RREhet?d thANRNURBAEr 2P B BEubRAN RN cityBYb Bfat is

covered by a foil of M nake. On the other hand, it may bé so
const r uct edlowhit vapoe presuwe sandeckerdbeOr 28ec an abley lné Dyeand bl max besed

e e e 025 s S e AL 10 58
having a small specific surface area was used in order to reduce the amount
of evaporation at a certain temperature. However, without being limited
thereto, it may be so arranged that a pan having a recessed shape in cross
section Is disposed inside the box part 21 to contain in the pan the
evaporating material v in granular form or bulk form, thereby reducing the
specific surface area., In addition, after having placed the evaporating
material v in the pan, a lid (not illustrated) having a plurality of openings
may be mounted.

[0052]

In the embodiment of the present invention, a description has been
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[ 0058] As the sintered magnet S, the smaller is the anmount of
oxygen content, the |arger beconmes the:velocity of diffusion of Dy
and/or Tb into the grain particle phase. Therefore, the oxygen
content of the sintered magnet S itself nmay be bel ow 3000 ppm
preferably bel ow 2000 ppm and nost preferably bel ow 1000 ppm

[ Exanpl e 11 [0059] As a Nd- Fe-B based sintered nagnet, there was
used one whose conposition was

20Nd- 5Pr - 2Dy- 1B- 1Co- 0. 2A1- 0. 05Cu- 0. 1Nb- 0. 1Mo- bal , Fe and was

fabricated i R% I el.epi ' bﬁfé‘ti
this case, Il—%% £tg%§§%g}é %{W@?}Pﬁe é%g%rgﬁlgn%nﬁl\%aégr%eﬁ%ﬁ Ergn.l atﬂgd]
i n the abovesdlesial v kege dsppsai in the matéssirdpochmarbel 20t uEwarenlih oydaf
30 ram by a known centrifugal casting nethod. The alloy was once

roughl y gr otingnebledoiegivibe yintersdrmagnatdt agd dhe svaprrating maswdyeth | v

009 b . . . 9o 1 t s
Loy s o agteibnf beSlodiatred,| M5 Hoalilbihed ERmbbl MR AD oMttt
powder was aBhindb€hopyllasidated) ridy be Providdd] frideotief vibuis hdmber 12,

m xture of lubricant of a fatty_acid based conPound and a fatty acid
metal salt lagislei feemtthe\precespingehambes 29, aadiapgther healingvneanymay,deal

i zing ty f ' | di hi_ne; f d. int
D oF edet or nPRENIER A SETEAE 1B FaePRrarin o B AGCE Cuabye PREEIEa
body thus ohhakhgshrififg H-5008EH indidetHe R oftiHgedHanthehrUiHaGAp aRding s

sintered under predeterm ned conditions (sintering step). In this
case, by opmthaterinhy inlibe fvapor atmeipbpreamdytecarangest tnbe suppliedato the
sintered magnet was Qqht ai,n in a range of age.grain_size of 2
om - 10 pm SEUPTEAERRIRTUR PP BB Brarmie S0 R BBy e
average graigissigse which N@odbdibBER6s MR ChrodRin20t HaR@fby 30t Sdndraiteng
etched the surface of the sintered nmagnet, the surface being

per pendi cul avaparating chagphet togethergnment direction, in a segment

met hod by drﬂ%é}ﬂ 10 random lines on a m croscopi c conposition
phot ogr aph.

In this case, if the evaporating material v is Dy, the evaporating
chamber may be heated in a range of 700°C ~ 1050°C (at the time of 700°C ~
1050°C, the vapor pressure of Dy will be about 1x 10—4 ~1x 10-1Pa). At a
temperature below 700°C, a vapor pressure will not be reached at which Dy
can be supplied to the surface of the sintered magnet S so as to
homogeneously spread Dy into the grain boundary phase. On the other
hand, in case the evaporating matexial v is Th, the evaporating chamber
may be heated in a range of 900°C ~ 1150°C. At a temperature below
900°C, the vapor pressure will not be reached at which Th atoms can be
supplied to the surface of lthe sintered magnet S. On the other hand, at a
temperature above 1150°C, Tb will be diffused into the grains, thereby
lowering the maximum enexrgy product and the remanent flux density.

[0054]

In addition, in this embodiment, description has been made of a case in

which vacuum vapor processing is executed in order to attain a high

productivity. This invention can also be applied to the case in which a
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[ 0061] Then, by using the above-descri bed vacuum vapor processing
apparatus 3., a pernmanent magnet M was obtai ned by the

above- descri bed vacuum vapor processing. In this case, 100 pieces of
sintered magnets S were di sposed on the bearing grid 2la inside the
box body 2 of Mo nmake at an equal distance to one another. In
addition, as the evaporating material, there was used Dy of bulk form
of 99.9% purity and a total anount of 10 g was di sposed on the bottom
surface of the processing chanber 20. Then, by actuating the

evacuat i ng et a6 t16B 1 HRANRY calBigdDF nd/BE 686 bl @dﬂ@feassérltget 0

| x 10-4 Pa (the pressure_inside the processing chanber was 5 x
Pa) and t heswfase 0§ themsintexedr anagiet hirstr sbad shy)gusih@ndekn®on byarone
heati ng nmeans 3.was set to 950C. Affer. the processin es(é:JEJarrber 20, has
reached 950ECRHKHIFPPATRIIE O% (R SRBHOEIE2RRAR ’p&P‘B€ UDSHApeRtly by
execut ed i Netddhufing ! BFfAsioAl prbcessig BPYASe tHRCDy 416Ar TheAIHRE t¥afe
executed for renoving the strains in the permanent magnet. .1n this
case, the hewtfacettodwt diffused intpshagrain bonsdsgtphase 406R sinterelanagnet
processi ng gi rre.wasnéet to 90 minutes, an st optimum vacu

th u
vapor proceS%i45rg Anpeatylrpating, turiage 1sqonpd et REXGREeRE Db?%’ﬁ@rc{tni es
was obt ai neg; 4 i pesfar di ffusion of Dy).

[ 0062] g}ggmgg?egiéﬁog%ﬁees;& %v%nﬁuﬁégrb%é%él%g' val ues of the magnetic
properties wWs5] he per manent nagnet was obt ai ned under the

above-descri bed_conditions. Accqrding to this, when the average grain
si ze was bel ow B p¥eS toaFsaRRyeqsqiln gas Y mEsturgpadserhady e (e siafpse of

e ves bel 5t wafger of
Can a1 50 be RRas AR FRR FLHeip By and GOt b Mlnels BRIl bolddley 1

coer ci ve fophssecitnmay tef foeairbugdd/ thee thapraoued. ch@mbel el 20ishedubaing, a
when t he avere&ge gr_asiaé;1 size of the sintered magnet was 4- 8 pm the
most opt i muRTeRREHPINRABESS R e st Hgl0rT PR thiaueh theevagating meangAl

al so be see | : ent i thh
magnetic pr grﬁ%r |te€sﬂé\%§g%g%§1§?&r?u%# ggzeoﬁgsel% %g%glu@ta gg‘%g g%eo(\d/géé“s?[%é,
remanent nmapakhighet Isukstdabially ybywaslfdiay ¢hdift the bssandid ke f@&%@éiﬁf

force was about. 30 kOe. [Brief Description of the Drawi ngs] [0063
chamber 20, thereafter maintaining the pressures for a predetermine

period of time. At that time, by actuating the heating means 3, the inside
of the processing chamber 20 may be heated to, e.g., 100°C, thereafter
maintaining it for a predetermined period of time.

[0056]

On the other hand, the following arrangement may be made, ie., a
plasma generating apparatus (not illustrated) of a known construction for
generating Ar or He plasma inside the vacuum chamber 12 is provided and,
prior to the processing inside the vacuum chamber 12, there may be
executed a preliminary processing of cleaning the surface of the sintered
magnet S by plasma. Ir case the sintered magnet S and the evaporating
material v are disposed in the same processing chamber 20, a known
conveyor robot may be disposed in the vacuum chamber 12, and the lid part
22 may be mounied inside the vacuum chamber 12 after the cleaning has

been completed.
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FIG 1 is a schematic explanatory view of a cross-section of the
per mmnent magnet manufactured in accordance Wwith this invention;
FIG 2 is a schematic view of the vacuum processi ng apparatus for

executing the processing of this invention; FIG 3 is a schemtic
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 machining, and FIG 4 (b) is an explanatory view
showi ng the gopd#ce condition of a pernmanent magnet manufactured in
accordance with this invention; and FIG 5 is a table show ng
aver age val ues dﬂ‘urtimgnmthe;epmhoéamnw thé présenpinvention; 2 dagerition has

TR actUr b ASELICbA S 42 2% 5 UL oL LR Vg

Char act er s] ﬂi@tﬁﬁﬁi’g the lid part 22 on an upper surfacg 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 housed the sintered magnet S into 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 in the vacuum chamber 12 so as to be maintained at a
predetermined pressure independent of the vacuum chamber 12,

[0058]

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 meost
preferably below 1000 ppm.

[Example 1]
[0053]

As a Nd-Fe-B based sintered magnet, there was used one whose
composition was 20Nd-5Pr-2Dy-1B-1Co-0.2A1-0.05Cu-0.1Nb-0.1Mo-bal.Fe
and was fabricated into a rectangular parallelepiped of 5 X 40 X 40 mm. In
this case, Fe, Nd, Pr, Dy, B, Co, Al, Cu, Nb and Mo were formulated in the
above-described composition ratio to manufacture an alloy of 30 mm by a
known centrifugal casting method. The alloy was once roughly ground in a
known hydrogen grinding step and was subsequently finely ground by a jet
mill fine grinding step, thereby obtaining an alloy raw meal powder.

{0060]
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lvacuum vapor processi ng apparatus 12 vacuum chanber 20processing

chanber
magnet

2box body 21box part 22lid part 3heating neans sintered

Subsequently, this alloy raw meal powder was agitated by adding, in a
mixing ratio of 0.05 wt%, a mixture of lubricant of a fatty acid based
compound and a fatty acid metal salt lubricant; was filled into a cavity of a
known a uniaxial pressurizing type of compression molding machine; and
was formed into a predetermined shape in a magnetic field (forming step).
The molded body thus obtained was disposed in a known sintering furnace
and was sintered under predetermined conditions {sintering step). In this
case, by optimizing the forming step and the sintering step, a sintered
magnet S was obtained in a range of average grain size of 2 ym ~ 10 pm so
that the oxygen content became 500 ppm. By the way, an average grain
size of the sintered magnet was obtained, after having etched the surface of
the sintered magnet, the surface being perpendicular to the magretic
alignment direction, in a segment method by drawing 10 random lines on a
microscopic composition photograph.

{0061]

Then, by using the above-described vacuum vapor processing
apparatus 1, a permanent magnet M was obtained by the above-described
vacuum vapor processing. In this case, 100 pieces of sintered magnets S
were disposed on the bearing grid 21a inside the box body 2 of Mo make at
an equal distfance to one another. In addition, as the evaporating material,
there was used Dy of bulk form of 99.9% purity and a total amount of 10 g
was disposed on the bottom surface of the processing chamber 20. Then, by
actuating the evacuating means, the vacuum chamber was once reduced in
pressure to 1X 10~ Pa {the pressure inside the processing chamber was 5 X
10-2 Pa) and the heating temperature of the processing chamber 20 by the
heating means 3 was set to 950°C. After the processing chamber 20 has
reached 950°C in temperature, the ahove-described processing was executed
in this state for 1 ~ 72 hours. Then, heat treatment was executed for

removing the strains in the permanent magnet. .In this case, the heat
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M per manent magnet vevaporating material What is clainmed is: 1. A
met hod of manufacturing a pernmanent magnet conprising; a first step
of adhering at |least one of Dy and Tb to at |east a part of a surface
of a sintered nagnet nade by sintering iron-boron-rare earth based
all oy raw netal powder containing a lubricant; a second step of
heat-treating the sintered magnet at a first predeterm ned
tenperature to thereby disperse the at |east one of Dy and Tb adhered
to the surface of the sintered magnet into grain boundary phase of

the sint er edrdnifiont tehaElid WwALsE t814O0T aNB Y brRBPinY Elind Gras set to
manuf actured to have an average grain size within a range of 4 p.m8
1.tm 2. TS minvied 238 theroe HRWE VACHUIRAPER Proregsias tinne dhati ¢hg t o

claim1, befo%ieﬁn the highest magnetic properties was obtained (i.e., the most optimum

time for diffusion of Dy).
[o062]

FIG. 5 is a table showing average values of the magnetic properties
when the permanent magnet was obtained under the above-described
conditions, According to this, when the average grain size was below 3 pm
or ahove 9 pm, the most optimum vacuum vapor processing time was above
8 hours, resulting in poor workability. It can also be seen that, when the
average gain size was above 9 um, the coercive force cannot effectively be
improved. On the other hand, when the average grain size of the sintered
magnet was 4 ~ 8 um, the most optimum vacuum vapor processing time was
4 ~ 6 hours. It can also be seen that there was obtained a permanent
magnet with high magnetic properties whose maximum energy product was

" above 51 MGOe, remanent magnetic flux density was above 14.5 kG, and
the coercive force was about 30 kOe.
[ Brief Description of the Drawings]
[0063]

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;

FIG. 3 is a schematic explanatory view of a cross-section of a
permanent magnet manufactured in accordance with a prior art;

FIG. 4 (a) is an explanatory view showing deterioration of the surface
of the sintered magnet caused by machining, and FIG. 4 (b) is an
explanatory view showing the surface condition of a permanent magnet

manufactured in accordance with this invention; and
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executing the first step and the second step, further conprising:

di sposing the sintered nagnet in a processing chanber and heating the
sane; heating an evaporating material containing at | east one of Dy
and Th, the evaporating material being disposed in the processing
chanber or anot her processing chanber; causing the evaporated
evaporating nmaterial to be adhered to the surface of the sintered
magnet by adj usting an anount of supply of the evaporated evaporating
material to the surface of the sintered magnet; and diffusing the at

| east one of DyFE®ds ia itable hBondliesRIa gy d0ab1 ﬂggmcﬁﬁf@hrﬁé&tﬁ thge

grai n boundary phase of the sintered nagnet before a thin film nmade
of the evapbexmageniemegnetl manufagtiied onacdeedangefwith Bfample $a rnindr 2d

magnet. 3. Thg t hod of manufacturing a. pernmanent magnet accordi ng
¢ 2is die-

to claimz2, K Sthe et Bl Pagh the evaporating materi al
are di sposed[BéscRptibR bARERrEARNEREINPLAE Characters)
[0064]
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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4. The nmethod of manufacturing a permanent nmagnet according to claim
2, wherein the adjustnent of the ampbunt of supply of the evaporating
material to the surface of the sintered magnet is executed by varying
a specific surface area of the evaporating material at a certain
tenperature, thereby increasing or decreasing the anmount of
evaporation. 5. The nmethod of manufacturing a pernmanent nmagnet

accor di ngwhet i€kRimadis: further conprising, prior to heating the
processi ng chanber in which the sintered magnet is di sposed, reducing
the pressure in the processing chanber and naintaining the pressure

thereat. | 6. TReRSNOneHutIERMHA NGk fha Rk EBABRIngTBONET accor di ng
ng the proc

to cIa|n15 further conprising, after reduc essing chanber
to a pr edefiet stepeaf getherdng) pieleadiaaei afPY khad diboloest deast) a gladndfes surfaca of a

D The eV NE SERE P iR DurINEHY: HAghBECheLes Hh g it PR

2, furthejon@itig b fibfigantpri or to heating the processing chamber in
whi ch the sintered pagnet |s disposed, cleaning the surface of the

si nt er ed hEGH Stﬁi%/"%llleéé'ﬁﬁatmgshe YRGB g brhRiede e gfgtentperature to
per manent @m@%‘ d1%?§értﬂb Q01ch& 091l3%'f 'B)Zancf 6 taﬁl?é’recpf%nﬂ% 'sﬁhﬂ% of‘;'iflé §intered

havi ng diffused nmetal atons of the dt |east one of Dy a Into the
grai n bounazmgyetphtasmaioboutderisphsesfalic sutgralimagarecut i ng heat treatnent

to renobve Sstr.ai in the ermane n ond predeterm ned
temer at oYETBBF siibrid FaBSe T AP Eb AR RERGRrul feE B e

within a range of 4 pm~8 pm.

2. The method of manufacturing a permanent magnet according to claim 1, before

executing the first step and the second step, further comprising:

disposing the sintered magnet in a processing chamber and heating the same;

heating an evaporating material containing at least one of Dy and Tb, the evaporating

material being disposed in the processing chamber or another processing chamber;

causing the evaporated evaporating material to be adhered to the surface of the sintered
magnet by adjusting an amount of supply of the evaporated evaporating material to the
surface of the sintered magnet; and

diffusing the at least one of Dy and Tb in the adhered evaporating material into the grain
boundary phase of the sintered magnet before a thin film made of the evaporated

material is formed on the surface of the sintered magnet.

3. The method of manufacturing a permanent magnet according to claim 2, wherein
the sintered magnet and the evaporating material are disposed at a distance from each

other.
4. The method of manufacturing a permanent magnet according to claim 2, wherein

the adjustment of the amount of supply of the evaporating material to the surface of the

sintered magnet is executed by varying a specific surface area of the evaporating material
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9. A permanent magnet nmade by: sintering iron-boron-rare earth based
all oy raw netal powder containing a lubricant to forma sintered
magnet ; adhering at | east one of Dy and Tb to at |east part of a
surface of the sintered magnet which is manufactured so as to have an
average grain size of 4 pm--8 gm and executing heat treatnment at a
predeterm ned tenperature so that the at |east one of Dy and Tb

adher ed tf 4 batasilidndeeatol, tHe:byi inteiset bRgeRtasing W faesadof Biogiiohn
boundary phase of the sintered nagnet. 10. The met hod of

manuf acturi ng a permanent nmagnet according to claim3, wherein the
adj ust ne of ' i e
surface ggf' theiﬂgﬁﬁ?g?%y nn%é%%?gﬁé&yg%&%ﬁ@é&%ﬂg/@%{a?ﬁoﬁn%ﬁégéﬁ ?’l cﬂhélh
surface agoewrisingt heoretmpentiagithe preessingathaatben iw evhichi thet Bmtpred anagney is

t her eby ic{lcregﬁi ng or ecreasi ng.the amunt, of evacﬁora&)i.on.t 11. The
met hod of “FRERUT ARTGFEAE® RSEF HihS ProReYHLs CRrlst aihFargiung iy pyessure

further thereat.

6. The method of manufacturing a permanent magnet according to claim 5, further
comprising, after reducing the processing chamber to a predetermined pressure, heating
the processing chamber to a predetermined temperature and maintaining the temperature

thereat.

7. The methed of manufacturing a permanent magnet according to claim 2, further
comprising, prior to heating the processing chamber in which the sintered magnet is

disposed, cleaning the surface of the sintered magnet by plasma.

8. The method of manufacturing a permanent magnet according to claim 2, further
comprising, after having diffused metal atoms of the at least one of Dy and Tb into the
grain boundary phase of the sintered magnet, executing heat treatment to remove strains
in the permanent magnet at a second predetermined temperature lower than the first

predetermined temperature.

0. A permanent magnet made by:

sintering iron-boron-rare earth based alloy raw metal powder containing a lubricant to

form a sintered magnet;

adhering at least one of Dy and Tb to at least part of a surface of the sintered magnet
which is manufactured so as to have an average grain size of 4 pm~8 um; and

executing heat treatment at a predetermined temperature so that the at least one of Dy and
Tb adhered to the surface of the sintered magnet is diffused into grain boundary phase

of the sintered magnet.
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conprising, prior to heating the processing chanber in which the
sintered magnet is disposed, reducing the pressure in the processing
chanber and maintaining the pressure thereat. 12. The nethod of
manuf acturi ng a permanent nmagnet according to claim3, further
conprising, prior to heating the processing chanber in which the
sintered magnet is disposed, cleaning the surface of the sintered

magnet byl asThe methdd of RRniRthEHg @ hei@nshaidie! fGoRinRab TRna, wiBgnet
according to claim3, further conprising, after having diffused netal
atoms of Wpadstmeahek the aognt ohsuaply of the siegorrBae grisrial 9ohe duifdre oh dase

of the sigaherad, g{l?texecﬁt’éﬁ%gm%pé:i%gcitﬁ%ﬁ{fé%%eatchtﬁ@g%}ﬂgraﬁ%%\gl%&?ﬁf n

t he per manent magn at a se termn tenmperatu an
t he firstatpr ecitie tempeeatutice theeabat inereasing or decreasing the amount of evaporation.

11. The method of manufacturing a permanent magnet according to claim 3, further
comprising, prior to heating the processing chamber in which the sintered magnet is
disposed, reducing the pressure in the processing chamber and maintaining the pressure

thereat.

12. The method of manufacturing a permanent magnet according to claim 3, further
comprising, prior to heating the processing chamber in which the sintered magnet is

disposed, cleaning the surface of the sintered magnet by plasma.

13. The method of manufacturing a permanent magnet according to claim 3, further
comprising, after having diffused metal atoms of the at least one of Dy and Tb into the
grain boundary phase of the sintered magnet, executing heat treatment to remove strains
in the permanent magnet at a second predetermined temperature lower than the first

predetermined temperature.
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