SPECI FI CATI ON . PERVANENT MAGNET AND METHOD OF MANUFACTURI NG SAME [ Techni cal
Field] [0001] The present invention relates to a permanent nagnet and a

met hod of nmanufacturing the permanent nmagnet, and nore particularly rel ates
to a permanent magnet having hi gh magnetic properties in which Dy and/or Tb
is diffused into grain boundary phase of a Nd-Fe-B based sintered nmagnet,
and to a nethod of manufacturing the pernmanent magnet. [Background Art]

[ 0002] A Nd- Fe-B based sintered magnet (so-called neodym um magnet) is nade

of a conbination of iron and el epent nd B that are inexpensive,
abundant, and stably obtainable gﬁEG&E%A&E@& ces and can thus be

manuf actured at a | ow cost and additionally has high nmagnetic properties
(its maxi num energy product is about 10 tines that of ferritic nagnet).

Accordingly, the Nd-Fe-B siphanANRTNANKS PREY used in various kinds

of articles such as electronic devices and have recently cone to be adopted

in notors and el ectri c METSI@DADF MANUYAUTURING: SARPR3] On the other
hand, since the Curie tenperature of the above-described sintered magnet is

as | ow as about 300C, there is a problemin that the Nd-Fe-B sintered
magnet sonetines rises in tenperature beyond a predeterm ned tenperature
dependi ng bFechmicadiFielddst ances of service of the product to be enpl oyed and
t herefore hﬂﬁ)t it will be demagnetized by heat when heated beyond the

pr edet er m 1t]errperature. In using the 1 above-described sintered magnet in

a desired pr Oﬂ%tpre%&?{ it nticrtreldteld Yo' & 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 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 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



the sintered magnet nust be fabricated into a predeterm ned shape. There is
then another problemin that this fabrication gives rise to defects (cracks
and the like) and strains to the grains of the sintered nagnet, resulting in
a renmarkable deterioration in the nmagnetic properties. [00041 Therefore,
when the Nd-Fe-B sintered nagnet is obtained, it is considered to add Dy
and/or Tb which largely inprove the grain magnetic anisotropy of principal
phase because they have magnetic ani sotropy of 4f-electron |arger than that
of Nd and becagse é%@y.have a negatjve Stevens factgr simlar to Nd.
However, aPeHeadeseribed)dntergdimpgretiny & depivagmepiuch thera i raseRvherg a spin
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product eyHah AtHeR HrABRARih thRE HRY b Ratidnives TRlcVto AGHHECEa Q005 I
order to solve this ki'nd of problem 1t has been proposed: to forma film

of Dy andigd tRé like) andr steleirey 16 thRdgralih€ KN 61 sitnftOrddemfa@n@e drdsitlting iih A
t hi ckness of above 3 pm dependi ng on the volune of the magnet) over the

entire surdmaekalfle tdeterioratel Bi themagnetigpabpettiesn t o execut e heat
t reat ment &% a predeterm ned tenperature; and to thereby honogeneously
diffuse th QQflland/or Tb that has been deposited (formed into thin film on
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4f-electron larger than that of Nd and because they have a negative Stevens
factor similar to Nd. However, since Dy and/or Th takes a ferrimagnetism
structure having a spin orientation negative to that of Nd in the crystal
lattice of the principal phase, the strength of magnetic field, accordingly the
maximum energy product exhibiting the magnetic properties is extremely
reduced.
[0005]

In order to solve this kind of problem, it has been proposed: to form a
film of Dy and/or Tb to a predetermined thickness (to be formed in a film
thickness of above 3 pm 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/or Tb that has 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/or Tb diffused into the grain

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

surfaces, the nucleation type of coercive force generation mechanism is



strengthened; as a result, the coercive force is dramatically inproved; and
t he maxi mum energy product will hardly be lost (it is reported in non-patent
docunent 1 that a magnet can be obtai ned having a perfornmance, e.g., of the
remanent flux density: 14.5 kG (1.45 T), nmaxi mum energy product: 50 M3XCe
(400 kJ/ nB), and coercive force: 23 kCe (3 MM m). [Non-patent docunent 1]
| nprovenent of coercivity on thin Nd2Feld4B sintered permanent nmagnets (by
Pak Kite of Tohoku University, Doctor Thesis, March 23, 2000) [Di sclosure

of the Inventign] [Problens to be Solved by the Invention] [00Q7] Regarding
Dy netal Srengtheped aae rhwlf h pesTRivegfoneg &ﬁaﬁ{nait%caiﬂy imptavedeando be of
hi gh qual jty. 1t is therefore usual, 4f0 fifs uf acture :a fluorjde of Dy,
To T KSR hEy BaeY BEotyt 0 Rty b o (s TR HE4 o noniBaleant
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properties are expected to be inproved. However, there was a problemin

that the MGQe{400 &J/rH, mataoentivafored: 23 kOee(3ddvm)descri bed processes are
very expensive. In this case, since there is used Dy and/or Th that_is both
expensi ve ENenpasentadogamens| 1fe§W@‘é@na¥4ﬂ oftegereiviiyppnythin NdeEensBannot

be expected, it, is necessary to efficiently execute t filmformation of Dy
and/ or TbSIBFlertE’ﬁePEUPPBEBE Jragpgtss (t glragﬁt[#%‘*g rfgt %‘glh‘g“f Hgnﬂ’ieﬁ]ﬁ&i h9°¥%er eof
into the 1.n AV e, thereby inproving the productivity and

reduci ng ?ﬁ%@’o@%@g’t ﬁ@B@fher hand, if the coercive force, for exanple, is
further inﬂﬁﬁ@ﬁ)@ﬁre Bf‘ﬁiflmt ]obt ai ned a permanent magnet with a strong

magnetic force even wth a small'er thickness. Therefore, in order to
attenpt t o PredlUafis tbbeBoleed BRItBBInddgtig@)er consunption of the products in

whi ch this kind of permanent magnet is enployed, it is desired to develop a
[0007]

Regarding Dy metal or Th metal as the film forming material, it is
required to be of high quality. It is therefore usual to first manufacture a
fluoride of Dy, Tb in a known method such as a dry method or a wet method,
and then manufacture them in a fluoride molten salt bath oxide charging
electrolytic process in which metal can be obtained which contains little or
no impurities of chlorides, oxygen, and the like and in which magnetic
properties are expected to be improved. However, there was a problem in
that the Dy metal or Th metal obtained in the above-described processes are
very expensive. In this case, since there is used Dy and/or Th that is both
expensive and poor as natural resources and stable supply of which cannot
be expected, it is necessary to efficiently execute the film formation of Dy
and/or Th on the surface of the sintered magnet and the diffusion thereof
into the grain boundary phase, thereby improving the productivity and
reducing the cost. On the other hand, if the coercive force, for example, is
further increased, there can be obtained a permanent magnet with a strong
magnetic force even with a smaller thickness. Therefore, in order to

attempt to reduce the size, weight and power consumption of the products in

which this kind of permanent magnet is employed, it is desired to develop a



3 permanent nmagnet that has a still higher coercive force and hi gh nagnetic
properties than the one in the above-described conventional art. (0008]
Therefore, in view of the above-described points, it is a first object of
the invention to provide a permanent magnet that has an extrenely high
coercive force and high nmagnetic properties. It is another object of the

i nvention to provide a nethod of manufacturing a permanent magnet that has
an extrenely high coercive force and high magnetic properties, the nethod
bei ng capabl e of manufacturing the pernmanent magnet at a high productivity
and | ow cReymanepamagpgt that hagqg ﬁ'ﬂﬁ Ineber epercivy tmoejand highyeragngtisol ve t he
above probl ens

.t hod of facturi t t di na t
claim1 c%ﬁ%@r@gggﬁﬂggﬁ?ﬁaeggtgggﬁpggégéﬁﬁgﬂgap$er Bnent,,qagnet according to

i ron- bororw@rgﬁ earth based sintered magnet disposed in a processing
chanber; evaporating an evaporating material conprising a fluoride

contai ni ng at Theagbr)e PlewDyf ThE abbve WeSHIBEY pointd, iS AR @fstadbgédiedf
processi ng chanber; causing the evaporating naterial that has been

evapor at ethe ingeiticadhepedvide & ppunfacetahaghet shat haedinmegteimelarisigh
diffusing netal atons of at |east one of Dy and Th of the adhered

evapor at | ¢ngremecforeg ant high anagpelie imopeptiese Ibfist Anodiert ebjedt whdhet .

[ 0010] According to this i nveﬂt(;io?, the_ fluaride (nol ecul es) containing at
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productivity and low cost.
[Means for Solving the Problems]
[0009]

In order to solve the above problems, the method of manufacturing a
permanent magnet according to claim 1 comprises: heating to a
predetermined temperature an iron-boron-rare earth based sintered magnet
disposed In a processing chamber; evaporating an evaporating material
comprising a fluoride containing at least one of Dy and Tb, disposed in a
same or another processing chamber; causing the evaporating material that
has been evaporated to get 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 grain particle phase of the sintered magnet.

[0010]

According to this invention, the fluoride (molecules) containing at
least one of the evaporated Dy and Tb is supplied to, and adhered to, the
surface of the sintered magnet that has been heated to a predetermined
temperature (e.g., a temperature at which the optimum diffusion velocity
can be obtained). The metal atoms of the adhered Dy and/or Thb are
sequentially diffused into the grain boundary phase of the sintered magnet.

In other words, the supply of the evaporated material to the surface of the



In other words, the supply of the evaporated material to the surface of the
4 sintered nagnet and the diffusion of Dy and/or Th into the grain boundary
phase of the sintered nmagnet are executed in a single processing (vapor
vacuum processing). In this case, since a fluoride of Dy and/or Th was used
as the evaporating material, the internedi ate product (fluorides of Dy

and/ or TO produced in the course of manufacturing the Dy netal or Tb netal
fromores can be used as the evaporating naterial. Since their prices are

| ow, as cqnpared with th ase jn whi¢ch Dy netal and Th nmetal are. mnade the
evapor at iéﬁgﬁi‘mﬁéﬂﬁgp?t ﬁﬁg fi‘&n&ffﬁ@ﬂ(m Pﬁ@k@%@/ opfTh Hatopherermnt boundp®t can be

kept | ow._ . Furthger, because the ltin oi.nt .of the -rich . phase (the
phase. | n BAEHODhS FRGHORAETED rg: Feapatil dfea (gl BrogBsisofanshier s due
to the p ' hyC f he: vel ogj f o6 ' | atons
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conplicated eutectic will be fornmed such as Nd-F-O Dy(Tb), and the ?’I ke.

t hi s caseand/oncEb)t peodusedcin ¢heaontrsofof thantfhctiurihgpties Oy yhewal neaTht he
grain boundary phase is |lower in the case of polytopic system as conpared
wi th the wetddrom grescandie usasl as the gvapansmgonabyigh) -$iece theirypeiaesi ty of
di ffusion of netal atomsﬁgf Dﬁ &rz}g/or Tb b}ﬁcomas still higher, and the

di ffusi ondHe AW, a5 spPaEee avithndieepiseatn ayERDE MetH prddlk mpetad yare[ 0011]
I f the evapgrati ng material fuyrt.her conprises a.fluorid ont ai ni ng , at
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Dy and , Nd and Pr take spin orientation which nmagnetizes 1n the sane
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metal atoms of Dy and/or Tb of the evaporating material further increases.
In other words, at the time of diffusion into the grain boundary phase, a
complicated eutectic will be formed such as Nd-F-O-Dy(Tb), and the like.
In this case, since the eutectic point of the Nd-rich phase lying near the
grain boundary phase is lower in the case of polytopic system as compared
with the eutectic point of the binary system of Dy(Th)-Fe, the velocity of
diffusion of metal atoms of Dy and/or Tb becomes still higher, and the
diffusion time is shortened, thereby attaining a high productivity.
[0011]

If the evaporating material further comprises a fluoride containing at
least one of Nd and Pr, the following can be attained: i.e., in addition to
improvement in the magnetocrystalline anisotropy due to replacement of Dy
and/or Th with Nd, the strains and defects in the grain boundaries are
repaired, whereby a higher coercive force can be obtained; further, unlike Dy
and Tb, Nd and Pr take spin orientation which magnetizes in the same
direction as Fe, therefore, the remanent flux density and the maximum
energy product become higher; and, as a result, there can be obtained a

permanent magnet having still higher magnetic properties as compared



ener gy product becone higher; and, as a result, there can be obtained a

per manent nmagnet having still higher nmagnetic properties as conpared 5 with
t he conventional ones. Still furthernore, since the nelting point of the
Nd-rich phase |lowers due to polytopic eutectic effect, the velocity of
diffusion of the netal atons of Dy and/or Tb can be made still faster.

[0012] If the evaporating nmaterial further conprises at |east one materi al
of the group consi sti ng of AI Ag, B, Ba, Be, C, Ca, Ce, Co, Cr, GCs, Cu,

Dy, Er, G, In, K, La, Li, Lu, Wh, I\/b Na, Nb
NN FWlthPEhe P?nvww@ @bes Si Stﬂ%rﬁlr@ﬁrnme viaceTthe melting; pomt off Y, Yb,
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this case,[gp1g] eutectic p0| nt of the Nd- I’ICh phase near the grain boundary
is lower in the case of the polytopic systemas conpared with the eutectic

poi nt of the Ifoilrasyarratitiy efatédiaFé(rthef-edmpTiveseftdeast bhie netetdltof of
di ffusion of netal atonms of Dy and/or Tb becones still faster. [0013] |If
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supply ofothBe words, at the time of diffusion, the elements of Al, Cu, Ga will be

penetrated into the Nd-rich phase to thereby form a complicate eutectic

such as Dy(Tb)-Nd(Pr)-Fe-Al{Cu,Ga), and the like. In this case, the

eutectic point of the Nd-rich phase near the grain boundary is lower in the

case of the polytopic system as compared with the eutectic point of the

binary system of Dy-Fe(Tb-Fe). Therefore, the velocity of diffusion of metal

atoms of Dy and/or Tb becomes still faster.

[0013]

If the sintered magnet and the evaporating material are disposed at a
distance from each other, when the evaporating material is evaporated, the
molten material can advantageously be prevented from getting adhered
directly to the sintered magnet.

[0014]

Preferably, the method further comprises: executing increasing or
decreasing an amount of evaporation at a constant temperature by varying
a specific surface area of the evaporating material to be disposed in the
processing chamber, thereby adjusting an amount of supply of the
evaporated evaporating material to the surface of the sintered magnet. In
this case, if an adjustment is made of the amount of supply of the

evaporated material to the surface of the sintered magnet such that a thin



evapor at ed evaporating material to the surface of the sintered magnet. In
this case, if an adjustnent is nmade of the anpbunt of supply of the
evaporated material to the surface of the sintered magnet such that a thin 6
film(layer) is not formed on the surface of the sintered nmagnet, the
surface of the sintered magnet will remain substantially the sane as the
state before executing the above-descri bed procedures. The surface
conditions of the permanent magnet renmmi ns substantially the sanme as the
one befor ecut i ng the abpve-described procedures. In this manner, the
per rranentgl%ggwéb Eanohiorped, enithy surfce pfitbe; Brtared guagnet 4be sustaghness

getting se) .in the surface. thereof. Further,, particularly, the Dy and/or
T can’ ol BRE binabd mignsE it doERn ik Sany PR 55t oo e gtats

boundar i ' g r t steps
are not O iealng M 8658 el el RekRt-aRT e olifafo LBRMIonRE S TR
addi ti on, thenpbhathehh endgest SdmathsubsAabiallfotid @asrnNatithet o Keforkhe
apparatus by, e.g., providing inside the processing chanber with a separate
part for éxecuting the aboveldesarasidnpraceduremurlin tfis snpphyr, dhetgeernearsgdr at i ng
material to the surface of the sintered nmagnet, the anount of supply to the

surface omagnet oginber preveaedtfromn deterdorsiting dayfece dougboess gettingr der to
renove the stai.ns, gases 'sgur adsorbeq to the_ surface of the

, d [
sintered WAESRAD thesuriace ghenegl; JHurtherparticulayysthe Oy andicw Th e, and
the like 4ynto th al.n I h q:preferably the .method. further
conpr | sesbt bikienTed FS gPHBR AR AT P St pheibip atindiick el
predeterm S nd; ' pr essur r pLi ating
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[0016] | padtidaflzsequiredptBereblyOatd&iifthe sehizHeh @ rodubdityof Id Bddisd,ns, gas,

and without the need of, e.g., changing the constitution of the apparatus by, e.g.,
providing inside the processing chamber with a separate part for increasing
or decreasing the amount of supply of the evaporating material to the
surface of the sintered magnet, the amount of supply to the surface of the
sintered magnet can be easily adjusted.

[0015]

In order to remove the stains, gases, and moisture adsorbed to the
surface of the sintered magnet, prior to diffusing the metal atoms of Dy
and/or Th, and the like into the grain boundary phase, preferably the
method further comprises reducing the pressure in the processing chamber
to a predetermined pressure and keeping the pressure thereat prior to
heating the processing chamber into which the sintered magnet has been
disposed.

[0016]

In this case, in order to accelerate the removal of the stains, gas, and
moisture adsorbed to the surface, after having reduced the pressure in the
processing chamber to the predetermined pressure, preferably the

processing chamber shall be heated to a predetermined temperature and

keeping the temperature thereat.



noi sture adsorbed to the surface, after having reduced the pressure in the
processi ng chanber to the predeterm ned pressure, preferably the processing
chanber shall be heated to a predeterm ned tenperature and keeping the
tenperature thereat. 7 [0017] On the other hand, in order to renove an
oxide filmfromthe surface of the sintered nagnet prior to diffusing the
nmetal atons of Dy and/or Th and the |like into the grain boundary phase, it
is preferable to clean the surface of the sintered magnet by plasna prior
to heating, t he . processing chanber having housed therein the sintered

magnet . [06¥3ﬁ1 Preferably, the nethod further conprises, after having

di ffused the, netal .ato I nt,o the grain bound has heat.-tr I ng the
permanentb1"nrd"g5’n%t£he<];1thaa{1 ABATALY Hg&%@@b?’é’gﬁ?@ﬁg{%ﬂ’ﬁé‘g G ViiSer at ur e
to renov i r tgi.ned a
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Preferably, the nethod further conprises, after having diffused at | east

one of Dytledintereditmaghet byaplashounpdiory tphracingf théerocedstng changisat |
cutting the permanent magnet into a predeterm ned thickness in a direction
per pendi chawing louded theyeiax the sintepedemaguétrecti on. According to this
configura’:Tt on, .,as conpared with the case in which: a sintered nmagnet in

bl ock for W]ng predeterm ned dinensions are cut into a plurality of thin

p eces: e N BRERTS Bl B R0 08 B AIRREH 400,
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magnet at a predetermined temperature below the said temperature to
remove strains of the permanent magnet. Then, there can be obtained a
permanent magnet having high magnetic properties and in which the
magnetization intensity and the coercive force are further improved.
[0019]

Preferably, the method further comprises, after having diffused at
least one of Dy and Tb into the grain boundary phase of the sintered magnet,
cutting the permanent magnet into a predetermined thickness in a direction
perpendicular to the magnetic alignment direction. According to this
configuration, as compared with the case in which: a sintered magnet in
block form having predetermined dimensions are cut into a plurality of thin
pieces; the thin pieces are then orderly arrayed and are disposed into the
processing chamber; and are then subjected to the above-described vacuum
vapor processing, the work of, e.g., handling of the sintered magnet into,
and out of, the processing chamber can be executed in a shorter time. The
preparatory work of the above-described vacuum vapor processing became
easier, resulting in an improvement in productivity.

[0020)
In this case, if the sintered magnet is cut into the desired shape by

means of a wire cutter, and the like, there are cases where the magnetic



preparatory work of the above-described vacuum vapor processing becane
easier, resulting in an inprovenent in productivity. [0020] In this case,

if the sintered magnet is cut into the desired shape by neans of a wire
cutter, and the like, there are cases where the nmagnetic 8 properties are
remar kably deteriorated due to cracks generated in the crystal grains which
are the principal phase on the surface of the sintered nmagnet. However, if
t he above-descri bed vacuum vapor processing is executed, the grain particle

phase has a Dy-rich phase further Dy has been diffused only near the
surface OPTOPRELIEH aﬂrﬁs?eqﬂﬁé'ﬁggb’r eterjenated dwe tosFFﬂcg‘@eSeﬁﬁbﬁéa 1y thei ced
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obt ai ned a germanent magnet Ich is superior 1n productivity. 021]

Further, dxecQtatttheOnS@hfartiete phave hiak P IDRAFich 3 HifveBi® FartHRY Y hagccor di ng
to claim 1l has an iron-boron-rare earth based sintered nagnet. ~ The

per manent bemagdéfudesl ohbr aetertheeduniface bhahe tgraims. nt'Bicdforegretnif thdi sposed
In a processi ng chanmber and is heated to a predeterm ned tenperature; that
an evaporsintergdnmagries| Ismabieedfingo fthimrpigees dat Hierehy chtain qeymanentof Dy
and Tb and disposed in a sane or anot her. processing chanber i s caused to

be evaporBR8ACIY Hhf § SgUSRb PHR  PRaPAENSfic PIOBATIERIATe BrOE TRl (o a
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productivity.
[0021]
Further, in order to solve the above problems, a permanent magnet
according to claim 11 has an iron-boron-rare earth based sintered magnet.
The permanent magnet is characterized in: that the sintered magnet is
disposed in a processing chamber and is heated to a predetermined
temperature; that an evaporating material made of a fluoride containing at
least one of Dy and Tbh and disposed in a same or in another processing
chamber is caused to be evaporated; that the evaporated 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 caused to
be diffused into grain boundary phase of the sintered magnet.
[0022]
In this case, preferably, the evaporating material further comprises a
fluoride containing at least one of Nd and Pr.
[0023]
The evaporating material preferably comprises at least one material of
the group consisting of Al, Ag, B, Ba, Be, C, Ca, Ce, Co, Cr, Cs, Cu, Dy, Er,
Eu, Fe, Ga, Gd, Ge, Hf, Ho, In, K, La, L1, Lu, Mg, Mn, Mo, Na, Nb, Nd, Ni, P,
Pd, Pr, Ru, S, Sb, Si, Sm, Sn, Sr, Ta, Tbh, Tm, Ti, V, W, Y, Yb, Zn, and Zr.



fluoride containing at |east one of Nd and Pr. [0023] The evaporating
materi al preferably conprises at | east one material of the group consisting
of Al, Ag, B, Ba, Be, C, Ca, Ce, Co, C, Cs, Cu, Dy, Er, Eu, Fe, @@, ,
Ge, Hf, Ho, In, K La, Li, Lu, My, Mn, Mo, Na, Nb, Nd, Ni, P, Pd, Pr, Ru,
S, Sb, Si, Sm Sn, Sr, Ta, Tb, Tm Ti, V, W Y, Yb, Zn, and Zr. 9 (0024]
The permanent nagnet is preferably characterized in that, after having
diffused at | east one of Dy and Tb into the grain boundary phase of the
sintered Wi the sintered magnet is cut into a predeterm ned thickness
in adire per pendi cular to the magnetic alignment direction. [Effects

f the | t} 0025] . As d 1 bed ' t.h t t
accoraing (o TRE PHUBRCRb R RRECE o PREETAN ERAIACIaH G e B cwit It no
o oper {1 otV iRB BAYed dfRaft Bh of K, BRI A el AR R B et

of this imee@lﬁt@eedtmﬁget,cme benfaed! and e@disacﬁﬁ_ri@i_%@eé‘t;t)fgﬂ@f@mﬁl@ﬁt has a
a

still higher coercive orce and with high productivity a | ower cost.

[ Best ModkhitloedSanry tivgction pelbpendi¢alin torthe hagRélic Wikhnmeaftelisswtto FIGS. 1
and 2, a permanent magnet M of the present invention is manufactured by

si mul tanedﬁﬁfgﬁtéﬂééh@'ngergtlm}i es of processes (vacuum vapor processing) of
a first stf(g) ig whi ch an evaporating material v to be described hereinafter
i s caused 25 evaporated and the evaporated material is caused to be

e o o L G R L B DB e
evapor at i g pharhal 200fE&% 4 Qhﬁﬁ?easswrﬁﬁﬁfe(f){viﬂ{'%he conventional one, it
has a still higher coercive force and high magnetic properties. According to
the method of manufacturing the permanent magnet of this invention, there
can be manufactured a permanent magnet that has a still higher coercive
force and with high productivity at a lower cost.
[Best Mode for Carrying Out the Invention]
[0026]

With reference to FIGS. 1 and 2, a permanent magnet M of the present
invention 1s manufactured by simultaneously executing a series of processes
(vacuum vapor processing) of: a first step in which an evaporating material
v to be described hereinafter is caused to be evaporated and the evaporated
material is caused to be adhered to a surface of a Nd-Fe-B based sintered
magnet S that has been fabricated to a predetermined shape; and a second
step in which, out of the evaporating material adhered to the surface of the
sintered magnet S, the metal atoms of Dy and/or Tb are diffused into the
grain boundary phase so as to be homogeneously spread (or penetrated).

[0027]

The Nd-Fe-B 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 of 0.05 mm ~ 0.5 mm by the known strip casting method.
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sintered magnet S, the netal atons of Dy and/or Th are diffused into the
grai n boundary phase so as to be honbgeneously spread (or penetrated).

[ 0027] The Nd-Fe-B sintered magnet S as the starting naterial is

manuf actured as foll ows by a known nethod. That is, Fe, B, Nd are

formul ated at a predetermned ratio of conposition to first manufacture an
alloy of 0.05 nm- 0.5 nmm by the known strip casting nethod. 10

Al ternatively, an alloy having a thickness of about 5 nm may be

manuf actured by the known_centrifugal casting nethod. A small amount of Cu,
Zr, Dy, TMteppativelys amyalley abagmg ner Brigkeess mi @beut oPnirmt imay behen, the

ZES“LEEL:”"_ 1o By PR St By ifuknCeathind methed” G sraph g thae,
E:orenr)ree}s/sioéci)a’{r}:-aIrrZ'[i)l1I E%ngﬂ’rrg)é%.r neg%e?i’!éa’gﬁ\%@%‘a%g@ﬂgg%%‘ﬂ Ffs?é( %ﬁﬁé‘@g in the

magnet i ¢ Thehd theegnehifséuryd ahllgped) oadd droufal ﬁ?dth@ Enowk! By didgeivl d into
a predeterm ned shape such as a rectangul ar parall el epi ped, colunmn, and the
l'i ke and, gtih@imafgretess sl nduisequontler figlelsengrov@dditly che Ger-malufiget ure the
above-described sintered magnet. [00281 In conpression-nolding the alloy
raw neal gowndirg processstherbby lohtaming abloycmmt mealguivedert o Subsequémtly,r aw neal
powder, it is preferable to optimze the conditigns in each of the steps of
manuf act ubY ABe thiown sempagssianiaeldme seachine, theealenragr mepl posvdarele of the

I nt d t, S fall 1 t hin.t 4.m - A ing. to thi
conf | gur aPnghted, R B Bebrae SHA Geebdioy nEred ahd KHRUGRITR fre

i nt d : / 3 t ' d
mmgnet ool R, anol ARG X  FRedddbEiat | Pudnlf SHALTER 3, rRaBeila Ol ey
att ai ni ngphiAfeleipedCédiindy, adPOPlike and, thereafter, is sintered under given

conditions to manufacture the above-described sintered magnet.

[0028]

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 um ~ 8 um. 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.

[0029])

In this case, if the mean grain diameter is smaller than 4 pm, a
permanent magnet having a high coercive force can be obtained due to the
diffusion of Dy and/or Tb into the grain boundary phase. However, this will
diminish the advantage of adding the lubricant to the alloy raw meal powder,
the advantage being in that the flowability can be secured during
compression molding in the magnetic field and the orientation can be
improved. The orientation of the sintered magnet will become poor and, as

a result, the remanent flux density and maximum energy product exhibiting
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In this case, if the nean grain dianeter is smaller than 4 m a pernmanent
magnet having a high coercive force can be obtained due to the diffusion of
Dy and/or Tb into the grain boundary phase. However, this will dimnish the
advant age of adding the lubricant to the alloy raw nmeal powder, the
advantage being in that the flowability can be secured during conpression
nol ding in the nagnetic field and the orientation can be inproved. The
orientation of the sintered magnet will beconme poor and, as a result, the
remanent flux densjty and maxinum energy. product exhibiting 11 the magnetic
proper t i ehoymagnsic) propestes orilk h%ﬁﬁ‘f"ﬁéﬂd-ha(aﬂ,thief oithes bang 1 hsi meapanet er

5 1 ar go. TR AOHRPRTGR, 1S MTEeT R i Pite e GoPivE HBFER AT SBOlERY bebones
Smal v 0806810 (Pfo SPIERREE ! 1906 2iASSPEUShuGRE REEh oPBRI gLl o721 1

boundary becones € coerclive f'orce becones fed.

Further, BAgd=A¢ biedndzashallef adetmti¥ sfheda ﬁﬂ%ﬁ&l dbthe pdhiEcfibbhusi on of

[+
Dy into the grain boundary phase is inpeded and the tine of diffusion
becones | newgerthe r@suht bawndarypbecompeoduegd \aridy thé Otbhdddive Aborad dwromesFl G 2,
a vacuum vapor processing apparatus 1 for executing the above-descri bed
processi nNgreely wweredumbarbivdretheorasidualh¢ashon rrasts wishcBy wed/eedlized to,

and kept at pr.edet erm, ned. pressure. (e.g., 1 10-5 Pa) ough_an
evacuat i n@n%gﬁé{lﬁgs@@cg%g@' e -enﬁq%ﬁ&%ndaﬁﬁr%{asérlﬁdwe%@ d&€on punp,
and the |j.ke. Jhere.is, disposed in the,..vacuum chanber. 12 a box body 2
conpri si ng: eaOfrJ(;{ﬁ'lnghP%%o %%@FH%F&‘BFB’&H‘% B’ol}()%amfow%f{w h an upper surface
bei ng ope ,0053@(1 alid part 22 which is detachably nounted on the open upper
surface of the"box part 21. [00311 A downwardly bent flange 22a is forned

ﬁ:o Sgtgeé hienentjq@esh&wﬁcmm@ne,e Plvaclam 1 vhpR@r protéssiNBeBppAatusd1Pgit 22 is
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.

[0031]

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 11. It i1s so configured that, when the
vacuum chamber 12 is reduced in pressure through the evacuating means
11 to a predetermined pressure {e.g., 1 x 103 Pa), the processing chamber 20
is reduced in pressure to a pressure {e.g, 5 x 104 Pa) that is higher

substantially by half a digit than that in the vacuum chamber 12.
[0032]
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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 netal seal is provided), so as to define a processing chanber 20 which
is isolated fromthe vacuum chanber 11. It is so configured that, when the
vacuum chanber 12 is reduced in pressure through the evacuating neans 11 to
a predeterm ned pressure (e.g., 1 x 10-5 Pa), the processing chanber 20 1is
reduced in pressure to a pressure (e.g., 5 x 10-4 Pa) that is higher
substantlally by half a digit than that in the vacuum chanber [00321 12
The vol une of bﬁeVB ‘H@@sé’ifnbh%hﬁFﬁ?@Fm% ichagtier 144k i§g Seht cﬁak@é&slfﬁér ation

mat et al. P < Piee R0t A Fhe waporduft atatiploy ignr iR "

d |
Sl F;.eon@g%ﬁ%p@&?#ﬂﬁzé%ﬁlh& G 1BeRIel 34t Vapll | fighdHbere Parl BRI "D
have thi c&ijffdstd e kihtefed RRASRL I diﬁ:;fc@ryr@dfw&m ﬁﬁﬁ*‘aﬁ@ytb‘f drectRaki N9

nmeans to be described hereinafter, and are made of a nmaterial that does not
react withy résestued oslisions. mélﬂmr sdifaves ¢fOk@3dox partoR handviredkid pare @2t he
evaporating material v is, e.g., dysprosium_ fluoride in case A1203 which

i s of t en areesetite hmve)tMCkaegswmm b@plaemmléy deforused whemeheatied by a
possibility that int apaor m)sp ere react W th 03 and
form prodb%qténg)FnQ%Yq gldd(eﬁmtﬂ%d Feigalier gfe madg,p Fir@aFfolAip tration

of the A ato | e or at nospher e Dy and/or Th. Accordingly, the
box body %0 %& 98’“3“ Wg{)}na%ear%)lr ‘al l oys of them (including rare
earth el enRiHa3 Aadded Me al |l oy, T| added Mo alloy, and the |ike), CaQ Y203
or oxides of re earth elements, or constituted by formng an inner |ining

on the surfackn @thén@ioras, wheul ﬁ'Ie' @Gaﬁﬁi‘hﬁ&ﬂgahlatérlﬁl?@risn@ g. Qﬂyg)l%%ﬁnﬁf , €.9.,

aplurality of Mo wires (e.g., O. dia.)) is arrange
fluoride, in case Al2O3 Wthh is often used 1n an ordinary vacuum apparatus
is used, there is a possibility that Dy or Nd in the vapor atmosphere reacts
with Al2O3; 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), 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 bottom surface, side surfaces or a top
surface of the processing chamber 20.

[0034]
As the evaporating material v there are used fluorides, containing Dy

and/or Tb which largely improves the grain magnetic anisotropy of principal

phase, such as dysprosium fluoride and terbium fluoride. Dysprosium

fluoride and terbium fluoride are produced by the known method. As the
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in lattice at a predeterm ned height fromthe bottomsurface in the
processi ng chanber 20. On this bearing grid 21la 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 bottom surface, side surfaces or a
top surface of the processing chanber 20. [00341 As the evaporating
material v there are used fluorides, containing Dy and/or Th which largely
i nproves the grain magnetic ani sotropy of principal phase, such as
dysprosium fluoride and terbiumfluoride, Dysprosium fluoride and_terbium
fiuoride wuﬁ%r&ﬁm%@ogy t?xﬁée KarSwHSerEt Aoy metbrd s whishuexidgs it Bed, there

are used: a,dryqnethod in.which | des of and/or.,Tbh are react.ed,wth
anhydr ous? Q/gf %;[a’eﬁr? FERstede™ t%‘r ?ﬁﬁ}r(?%us}%%ﬁent Ygide CHfEetatya igho o) . 4
met hod i | ' and ar ey [ n t.oget her at
arelati &&%%&ﬁ%ﬁ%gi’g{%{?@t g. %ﬁ?h@gd%‘?hldg égfh\ﬁgtﬁnmggd&?%iagﬁ

hydr of | uokiigedahd refictfltad tbgemraawpélﬁtﬁelyurd“ptbmgére{mr@m@l/gg r3obPcponmpound
in chlorides and the like to react them thereby obtaining a precipitate,

t hen cl eami agvéthmethodinadhiphdogidroflabeic dcid iendded tarmh afuedizesoldtipnng and
roasting it. According to the arrangenent, the evaporating material v can
be made off Diieandior Thecimpeupd duuderid¢sipodrtdsi like ftb weactshem, thetsbym

fluoride) to.be obtained in Lhe rocess, of mangf act ur.i ng ?{F netal qr Tb
metal froPRIGIRAE SPIRAPIALS, thepideamug thg, obsained prssinatatei flterme, aade in

i oh SRR RS R pSeRE SRR B Bl ReBPhabSpe
SvSp1 0% Ul e AU VB VTt G O ERCERERIE g
Dy and/ or (diRptdsitiRe fludbiie 6F t&rbiulP Puokideerts shIebifinelUinaths Precess of

manufacturing Dy metal or Th metal from ores. Since their price is low, as

compared with the case in which evaporating material v is made of Dy

metal or Th metal, the manufacturing cost of the permanent magnet can be

kept low.

{0035]

If dysprosium fluoride and terbium fluoride are used in executing the
vacuum vapor processing, the melting point of the Nd-rich phase (phase
containing Dy and/or Tb in the range of 5 ~ 80%) lowers due to pluralistic
eutectic effect. As a result, the diffusion velocity of the metallic atoms of
Dy and/or Th becomes still greater. In other words, at the time of diffusion
into the grain boundary phase, a complicate eutectic such as Nd-F-O-Dy(Tb)
and the like is made. In this case, the eutectic point of the Nd-rich phase
lying near the grain boundary is lower in the case of polytopic system as
compared with the eutectic point of binary system of Dy(Tb) — Fe.
Therefore, the velocity of diffusion of the metal atoms of Dy and/or Tb,
among the evaporating material v, into the grain boundary phase becomes
larger, with the result that the diffusion time is shortened and high

workability is attained.

[0036])
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eutectic effect. As a result, the diffusion velocity of the netallic atons
of Dy and/or Th becones still greater. In other words, at the tine of
diffusion into the grain boundary phase, a conplicate eutectic such as
Nd-F-O-Dy(Th) and the like is made. In this case, the eutectic point of the
Nd-rich phase |ying near the grain boundary is |ower in the case of

pol ytopi ¢ systemas conpared with the eutectic point of binary system of
Dy(Tb) - Fe. Therefore, the velocity of diffusion of the nmetal atons of Dy
and/ or Tb, nong, the evaporating material v, into the grain boundary phase
becones | arg@?Fhl\ﬁ/iqaﬁet a% the eupporaiing materinl vuthesn maﬁ%ei usechar @Ae¥d and

high workabidity,is attained. [00361 In this e .he_,evaporati ng
material <, a[fh.g)'rgd rﬁgfll‘}'g’égn&hn lpﬁfjfﬁS?é}aO'?ef ﬁgﬁﬁfj@hﬁ% E:}Bftlvvﬁic #*:cont ai ns
at | east Pl 46 S i Gy whi ch
is an al I%?%?ﬁiﬁﬂgﬁ%%gr(gld nggg:vﬁlggqggn %@ g@?@%@ﬁn{?ﬁﬂuﬁﬁﬁ@w terbium
fluoride. tHen((ijiréljrﬁsﬁﬁﬁ ludride 6Y apaiiahi MtoridRt eThathiy chse,fenad flRdtiak a
predetermned nmxing ratio and by using, e.g., an electric arc furnace an
al oy in inakéridbv is fernobladeded aaprekdesepharddmixing rapiceded dymgiad, gsition in
the processing chanber 20. It may also be so arranged that dysprosium
fluori de @n elesthicianciiuanacelani atliguink bubk fon is btgmmdubnd ié @laged\th ar Pr or
an alloy thereof,, and a fluoride containing at  |east one of and Pr may
be separ aﬁ@dyt%%wgeaoslﬁwh@ She Jwsssssing Chamher 26 alt may @&n e #Pned

I ght tio. 7 B t .th ; [ di t
the abovertifnetd JhAE rRbr iRt il e BRHYR SARHa LIS TEIR AR EE SRy N of
[ ' t ' |14 t) Ni: SOt , th
ot r o ng oy ) REISpYPS BPIA B1bpOHEENSH Bd BNABAAE LhedRaEAOPY; (N
hi gher corgagt \thef @FCdCANd Pe RRSSHSSSeharabeldddidpoldd mnlthkepkdteafigor Tb,

since Nd and the |ike takes
chamber 20 at a predetermined weight ratio.
[0037]

By executing the vacuum vapor processing according to the above, in
addition to the fact that, Dy and/or Tb is replaced by Nd of grain particles to
thereby improve the crystalline magnetic anisotropy, the strains and defects
in the grain boundary are repaired, whereby a still higher coercive force can
be possessed. In addition, unlike Dy and/or Th, since Nd and the like takes
the spin orientation in which magnetization takes place in the same
orientation as Fe, the remanent flux density and maximum energy product
become high. As a result, as compared with the conventional one, there
can be obtained a permanent magnet that has still higher magnetic
properties. Further, since the eutectic point of Nd-rich phase is lowered
due to polytopic eutectic effect, the diffusion velocity of Dy and/or Th can be
made still higher.

[0038]

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, Dy, Er, En,
Fe, Ga, Gd, Ge, Hf, Ho, In, K, La, Li, Lu, Mg, Mn, Mo, Na, Nb, Nd, Ni, P, Pd,
Pr, Ru, S, Sb, Si, Sm, Sn, Sr, Ta, Tb, Ti, Tm, V, W, Y, Yb, Zn, and Zr
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the spin orientation in which nagnetization takes place in the sane
orientation as Fe, the remanent flux density and naxi mum ener gy product
beconme high. As a result, as conpared with the conventional one, there can
be obtai ned a permanent nmagnet that has still higher nagnetic properties.
Further, since the eutectic point of Nd-rich phase is |lowered due to

pol ytopic eutectic effect, the diffusion velocity of Dy and/or Th can be
made still higher. [0038) The evaporating material v may conprise at | east
one materjal of the group consisting of A, Ag, B, Ba, Be, C, Ca, Ce, Co,
O, Cs, Chergpafter referredrs asielementscA”)Hin mhace pfi Nk or Br orjan adloymy, M,
Mo, Na, : N, P, Pd, Pr,. Ru, S. Sb, Si, Sn. Sr, Ta, Tb, Ti, Tm
Ve Wy, Wisrogh, orgh fluaridd contsiinpie et deasterat PEQVR ARt Froi AVRUBED i n
pl ace of or.Pr_o | . thereofe or a fluoride cpntaining.at |east
one of mtl}g%c?rﬁ?ﬁge&églgﬁﬁtngﬁ%élm? h".fg‘ﬁé‘?ﬂsﬁ’ﬁ’gé‘ﬁé’n © §faltnh§°'t‘?%ryogh3?‘?’f usi on
into the ' dag yip I fo Al ; etrated
nto the R PR Bl AT or. G bl Red i, aip' DI Lok, PRasdioc,

Dy ( Tb) - Nd{Hrby-dorth ( #lbontplicatad itBetit iskieh 44 DyitTh)-BREPr)-FEeAlGheTd)c poi nt
of the Nd-rich phase lying near the grain boundary is |ower in polytopic
syst em asawdbpaiikd. wih khishensegtheettectipqionnt of tHehNdhticlaphasy $piam mfar
Dy-Fe(Tb-Fe). Therefore, the diffusion velocity of the netal atonms of Dy
and/ or Ththse goas boundpry dist lower posdytopie systemnas ompeared2 with ghevi ded
with a heating neans 3

Bofj r eact ©Wee CtH‘émte\‘?gp hetl?igg%tfrgg ?‘Eéla%j, ?Yhﬁ?@qaﬁm ﬁa{;’?@f &iﬁ%lth%h?}]gdggi
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> “he” helifiision PELARIS? (B8 sl BrE ORI A Eof T o RIBL SRS "y o

which is mkg@qded with a reflecting surface on the inner surface thereof,
and an

The vacuum chamber 12 is provided with a heating means 3. The
heating means 3 is made of a 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
by the heating means 3 at a reduced pressure, the processing chamber 20 is
indirectly heated through the box body 2, whereby the inside of the
processing chamber 20 can be heated substantially uniformly.

[0040]

A description will now be made of the manufacturing of a permanent
magnet M using the above-described vacuum vapor processing apparatus 1.
First of all, sintered magnets S made in accordance with the
above-described method are placed on the bearing grid 21a of the box part
21, and dysprosium fluoride as the evaporating material v is placed on the
bottom surface of the box part 21 (according to this, the sintered magnets S

and the evaporating material v are disposed at a distance from each other in
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el ectric heater which is disposed on the inside of the thermal insulating
mat eri al and which has a filanment of Mo make. By heating the box body 2 by
the heating neans 3 at a reduced pressure, the processing chanber 20 is
indirectly heated through the box body 2, whereby the inside of the
processi ng chanber 20 can be heated substantially uniformy. [00401 A
description will now be nmade of the manufacturing of a pernmanent magnet M
usi ng the above-descri bed vacuum vapor processing apparatus 1. First of
all, sintered nagnets S made in accordance with the above-described nethod
are pl acedeopracesipg shamabeyr 290. 2 After haningymeunsed in positagny thy didk Baytum

thebox o2 h3he OB dehar e BRerptesBe hox' B A The Pk hady 2 pidged fea

ti i_al di i t i 16 th
o Oeal By Kol Bl LARRSER WY (Be HABE SabL AL AT M DB 10,010
the open 4pigheSUY &R FIG.NG) DORhOR! thrédght 1R RO%cRLAIN g 2mieank! BFaHei N A

predet erm ned position enclosed by the heating nmeans 3 I'n the vacuum
chanber 1vaduage chambe?) 12 Thevaduitodamtilnie revésdsnd iprgdeRanfindd grBgsuréacuum
chanmber 12 is evacuated until it reaches a predeterm ned pressure (e.g., 1
x 10-4 Pafe.g.t Aexpl@d i tihe cprnbesing hiagnkeara 20 siseei acmase rie s pressure

substantially half-diqit higher than the above) and the processi ng chanber
20 is hea%‘éltﬁtwtlal:lb’&hﬂqfﬁg@? ﬁugh%thwe theabeve) andtherrrogessingchaathssr 12

has reachgd.the predeterm ned pressure. [0041 VWen,the tenperatyre in the
processi nggéﬁmg‘?&agﬁ Mgaﬁggc dﬁ?ihténg B r‘ﬂbﬁ’é&h{ae élﬁlg[%) 19&15 der
reduced p I surface of the processi ng chanber
20 is heaggﬁgg&sl%@s/dt%ﬁ%ﬁ%&%@%&%gﬁe&ﬁper ature as the processing

chanber 20[oc1d starts evaporation, and accordingly a vapor atnosphere is
formed i nside the processing

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, melted Dy will not be
directly adhered to the sintered magnet S whose surface Nd-rich phase is
melted. Then Dy atoms in the Dy vapor atmosphere is supplied from a
plurality of directions either directly or by repeating collisions, and are
supplied to the sintered magnet S that has been heated to substantially the
same temperature as Dy. The adhered Dy will be diffused into the grain
boundary phase, whereby the permanent magnet M can be obtained.

[0042]

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 (thin film) 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
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chanber 20. Since the sintered magnets S and Dy are disposed at a distance
fromeach other, when Dy starts evaporation, nelted Dy will not be directly
adhered to the sintered magnet S whose surface Nd-rich phase is nelted.
Then Dy atons in the Dy vapor atnosphere is supplied froma plurality of
directions either directly or by repeating collisions, and are supplied to
the sintered magnet S that has been heated to substantially the sane
tenperature as Dy. The adhered Dy will be diffused into the grain boundary
phase, whereby the permanent nmagnet M can be obtained. [00421 As shown in
FIG 3, vwhatetipk veihatohag bagn pditoy apd denositedoen, thersyplage ofithesuppl i ed

to th f f the, si . t S to f | thin fil

L7 made GPEHEASDABRFL] ngSARORPE e SYARSTSipE dRB AL e dAbE ndhY mgne
Mwill b ' d

eoul tof AARRSE A HECHAEREL B Pl SRUSKAF Bddt S $he AR RS hoen
adhered tgih3RftidAPAHe! S4n8 tendfteabiel &ﬁﬁn%&pfo@@ssiﬁgréeﬁé ‘?ﬂel‘@@@%ﬁfd By In

addition, the evaporating material v adhered to, an eposited on, “the

surface oWill be excodsivels ditfused ifid tiat giadas bearreltat BRI dear thehatrédeil |y the
sanme tenperature during processing gets nelted and Dy w | be excessively
di f fused the sinteeedymaagset ©.a Aeg oesult, thamageetsefrapertoéds cahnpokibet er ed
magnet S. As a result, the magnetic properties cannot be effectively

i nproved effeqtiseedy émpgovgdousicoverast is, once a thin fil mnade of the
evaporatin terial v is formed on the surface of the sintered nmagnet S,
t he averag (g"gr]position on the surface of the sintered nagnet S adj oining

(e 10 11 oRSESEH 2ty HRAE 805y R A AR RREECTES,
EE: Z kghﬁ?ﬁg#@??é&glé%esgg?gg sifBdre80mlagntt S, L {1 RVEFHYPEmBH&EH N §n et €d and
surface of the sintered magnet S adjoining the thin film becomes Dy-rich
composition. Once the composition becomes Dy-rich composition, 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 increase. In addition, Dy
excessively penetrates into the grains together with a large amount of liquid
phase and thus the maximum energy product and the remanent flux density
exhibiting the magnetic properties are further lowered.
[0044])

According to this embodiment, dysprosium fluoride in bulk form
(substantially spherical shape) having a small surface area per unit volume
(specific surface area) was disposed on the bottom surface of the processing
chamber 20 in a ratio of 1 ~ 10% by weight of the sintered magnet so as to
reduce the amount of evaporation at a constant temperature. In addition,
when the evaporating material v is dysprosium fluoride, the temperature in
the processing chamber 20 was set to a range of 800°C ~ 1050°C, preferably
900°C ~ 1000°C, by controlling the heating means 3.

[0045]
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I ncreases). As a result, the region near the surface of the sintered magnet
Sis nelted and coll apsed and thus the asperities increase. In addition, Dy
excessively penetrates into the grains together with a | arge anmount of
liquid phase and thus the maxi num energy product and the remanent fl ux
density exhibiting the magnetic properties are further |owered. [0044]
According to this enbodi nent, dysprosiumfluoride in bulk form
(substantially spherical shape) having a small surface area per unit vol une
(specific surface area) was di.spgsed on the bottom surface of. the processing
chanber 20 i nlfathattemprsrature inothy, nrecepsing chapbey; #De?%c@orﬁhggbt the as to

reduce the anount of evaporsati on_at const apt .t er L. . N di,tion,
when the%ﬁf’gmﬁ 5‘??38@%5rqfilthe\/sl}lgerags?}?‘gg?%s} #§ Egﬁv‘agbﬂtﬁetlfeeﬁﬁa@FgYure in
t he proc {4 208 t g . (1= ably
900C - 18‘%@5@8@com ?éPP%ﬁttﬁg age %\%ﬁg{g@%i@@?‘agﬂ&ﬁ% 138 %e %E‘Efé“%

t enper at UgfetHeNsinfieredr GRS 'R iktdafReErA0 Ecﬂﬁﬁﬁixg' % {hfotab@ad.| MY is
tenperature of the sintered nagnet S) is below 800C, the velocity of

di f f usi onthnis ypedsible tf mdle ehaddy atomg toaberdiffusyd adite hechdgenkbeslgur f ace
of the sintered magnet S into the grain boundary phase is retarded. It is

t hus i npopasiatrateddnite khe igrairDpoundany pbasscofiilief sinderesno agouet heforetbey

penetrated.into the grain houndary phase of the sintered magnet before the
thin fil rﬁqvg Hay elgrene tfﬁba&‘hﬁ‘ﬂ ge of s1nteredrmagnap et On theothes hanter hand,

t the t t 050 N dt th

Gysprosi in e tsrarr AR C Al Tpa0RE hERReP aFRStR dpEaRes Bpdaieuly) | °
o f T t e _ .

oot by 11 SRS ARIAL ol S8 it VRSB achoddhetdCutd Ropd BT 1 2 B
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reduced and, therefore, the maxi num energy product and the remanent fl ux
density 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.

[0046]

In order to diffuse Dy into the grain boundary phase before the thin
film made up of evaporating material v is formed on the surface of the
sintered magnet S, the ratio of a total surface area of the sintered magnet S
disposed on the bearing grid 21a in the processing chamber 20 to a total
surface area of the evaporating material v in bulk form disposed on the
bottom surface of the processing chamber 20 is set to fall in a range of 1 x
104 ~2 x 103. In a ratio other than the range of 1 x 10-4 ~ 2 x 103, there are
cases where a thin film is formed on the surface of the sintered magnet S
and thus a permanent magnet having high magnetic properties cannot be
obtained. In this case, the above-described ratio shall preferably fall within
a range of 1 X 10~3 to 1 X 103, and the above-described ratio of 1 X 10-2 to 1
x 102 is more preferable.

[0047])

According to the above configuration, by lowering the vapor pressure
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are further reduced. [0046] 1In order to diffuse Dy into the grain boundary
phase before the thin filmnmade up of evaporating material v is fornmed on
the surface of the sintered magnet S, the ratio of a total surface area of
the sintered magnet S disposed on the bearing grid 2la in the processing
chanmber 20 to a total surface area of the evaporating material v in bulk
form di sposed on the bottom surface of the processing chanmber 20 is set to
fall in arange of 1 x 10-4 - 2 x 103. In aratio other than the range of 1
x 10-4 - 2 x 103, there ar cases ere athin filmis forned on the
surface ofnd gésoshpe %nﬁsﬁglﬁe%msunhﬁ eyararaiiopiihectaneaatieg matarial hi gh
magneti c properties, cannot, b obtained. In thi.s,cas t he, above-descri bed
rati o shalithEARAFRLFCSERly QfithR Sxaparating haseris]  Todhe siatered nfaancton gt ne
above- desgrj | of 0= 2t . l,S r le. ;[ Q047]
Accordingst%p?ggﬁglggg cgifégﬁggéfo ,%E¥%F§§§PFnaﬂﬁﬁgﬂgégggﬁgféféﬁrg 19 and

al so by r?ﬂa‘d@té&@niﬂ%ﬂ 3ERI{Itra pliree iRRge W 16 Oi:rhhgir?%/aﬂfér advdrdgfBgeiinal v,

t he amount of supply of the evaporating material v to the si nFered magnet S
i s restralnedeter nfatdidinturedhmabaet Sngithine asprddetedmiragheingds, aindaalso
predeterm ned tenperature range while arranging the average grain dianeter
of the sihye¢mployngedyspuosiumn fhiopided éise the nevaparating anatexialo v, e

Vol ool ty BEEEHER YAlGHEF . bisomes BiGRer of ABne ERDIE.Cleder  Heare-dewsioRed
R O R LR S E M
e S/oE08 PRSBSOS ot R o1 o
magnet M gRigmbe hEeOtRE et apoRad R ML ARl $%:e?8 dePBsited baaG%e surface of

the sintered magnet S and forms a 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 in the range of 5 ~ 80%)

in the grain boundary phase and by diffusing Dy only in the neighborhood of

the surface of the grains, the magnetization intensity and coercive force are

effectively improved. In addition, there can be obtained a permanent

magnet M that requires no finishing work and that is superior in

productivity.

[0048)

As shown in FIG. 4, when the sintered magnet S is worked into a
desired configuration by a wire cutter, and the like, after having
manufactured the above-described sintered magnet S, there are cases where
cracks occur in the grains which are the principal phase on the surface of
the sintered magnet, resulting in 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.
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thereof, and Dy can be restrained from being excessively diffused into the
grai n boundary near the surface of the sintered magnet. In this manner, by
having a Dy-rich phase (a phase containing Dy in the range of 5 - 80% in
t he grain boundary phase and by diffusing Dy only in the nei ghborhood of
the surface of the grains, the magnetization intensity and coercive force
are effectively inproved. In addition, there can be obtained a pernanent
magnet Mthat requires no finishing work and that is superior in
productivity. [0048] _As shown in FIG 4, when the sintered nmagnet S is

wor ked | rd®)a wheseby dhe qpagnefazation intepsytyandcearciver foremare mecavered. aft er

havi ng nuf actur.ed the above-described sintered magnet S, there are cases
where  craBréhgcether hia 8%%@6%%%}@ %'(ﬂ%ﬂpﬁ%ﬁﬁawam% BPthe
surface o th i At ered n resul ti ng..J n~a._ raemar kabl e deterioration in
the  magriiects @i bl B are it HAAH DI AT BHAG, Rt bR
above- des t‘sb&i@fu:égguo ;’%@9& ﬂ?{eogﬁf)t?b@%f fhesRaid, ! 'Pﬁ%lfe%fée%v%n £ hich

phase on e I ns e crack the grains near the sufface (see FIG
20 4(b)) dpmleém agneBinebizdatd 0F duttigesd bintardl aRRietvR H16de sShaps
recovered. On the other hand, by executing the above-described vacuum vapor
processi nafter havirgexedwsad dheyalpivesteshebed heciiynr ivapop Ipaseesaing, fintd her Dy
gets diffused only near the surface of the grains. Therefore, even if a

per manent Pivaghitr of sliged ghiw dieseschit merns ok anvinceentverysad the bkecds ghape,
after haviqr;gg execyted the ?.bove-de%.cri b d}be\f/acuum vapor processiﬂg, into a

pl ural i t yPOF epcdher magnsticc BLOnsrtica Hsthy permanent magnes get; Rardlyke as a

poSt, LB RSP ol R 4, Qb RGO E Db PR Bl o

Shape e P AR TR enlnagl i o PSR O 0l
pieces; the thin pieces are then contained as they are by disposing in
position inside the processing chamber; and they are then subjected to the
above-described vacuum vapor processing, it is possible, for example, to
perform at a shorter time the putting and taking the sintered magnet into,
and out of, the processing chamber. Also, the preparatory work for
executing the above-described vacuum vapor processing becomes easier, and
the finishing work is not required. Consequently, a high productivity can
be attained.

[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
higher corrosion 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(Tb), since there is no intermetallic compound

containing Co in the grain boundary phase of the sintered magnet S, the
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position inside the processing chanber; and they are then subjected to the
above- descri bed vacuum vapor processing, it is possible, for exanple, to
performat a shorter tinme the putting and taking the sintered nagnet into,
and out of, the processing chanber. Also, the preparatory work for
executing the above-descri bed vacuum vapor processing becones easier, and
the finishing work is not required. Consequently, a high productivity can
be attained. [00491 Cobalt (Co) has been added to the neodym um magnet of
the prior art. because a neasure to prevent corrosion of the magnet is

r equi r ed. mealeatems ofaREPhliarg fusthevefficiestivtdiffugeds i on, since Dy-rich phase
havi ng exg&ggﬁhy hi gher corrosion resistance and at nospheric corrosion
resi stanc conpared with Nd exists on the inside of cracks of grains

th f f h it d d inthe i n bound h , it
e possibie t Bibga ateE, tRhE Sine TRADThe “Mivienie LTeRATRReRI I Rooi on
Fur  her mop oo PRARUCof GBPLE, ED: T8 MOl (hE ottt B the

i nt er met ahéating€ OMRAHBA3 BOBERPRIANOAFQAsN of NE) AR Nishenirdatved iase tdl t he
sintered magnet S, the 21 netal atons of Dy(Th) are further efficiently

di f f used. prdcegdify diiamabéiy 20afrenghavigag ietexditicatg hivearab vet lbstrated)
processing for a predeterm ned period of tinme (e.g., 1 - 72 hours), the
oper at i one#porationtafathiengvanmaasing inateriabpdd stepperhsand the tk@peiratumt r oduced

i he . i hamber 20 th i '

|1 ust vt BHYHE DEVERORRIBHRB NeS BOGRIPACRGtomter UGy CORRBHRBEY and t he
t t in.th ' h 20 j d t < g4, 500C.
Cont 1 nuou iy neBHB e RBRRRGS Heafa B4R Shef ekl “DHE sh& EhRSeahBord ¥ hpor ot ur o
in the ppAESShBICKAABRE 26 %s! 8e5Gb OrdhdedB9C4sieC20G50°C0°a R 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.

[0051]

In the embodiment of the present invention, a description has been
made of an example in which dysprosium fluoride 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, terbium fluoride that is low in vapor pressure can be used. Or else,
its alloy may be used. It was so arranged that an evaporating material v in
bulk form and 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 1is 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.
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treatnment for renoving the strains in the permanent nmagnets is executed to
further inprove or recover the coercive force. Finally, the processing
chanber 20 is rapidly cooled substantially to roomtenperature and the box
body 2 is taken out of the vacuum chanber 12. (0051] In the enbodi nent of
the present invention, a description has been mnade of an exanple in which
dysprosium fluoride is used as the evaporating material v. However, within
a heating tenperature range (a range of 900C - 1000C) of the sintered
magnet S;tQ§% ﬁan accelerate the diffusion velocity, terbiumfluoride that
Is lowin ¢ pressure can be used. O else, its alloy nmay be used. It

was so arrangged.that an,evaporating material v.in byl k .formand, having a
omal | speci {1 0 $hprepBOAmERAT ohE SytRrte sntiof, ¢ desunfiol BRoERor
evaporat i t | Oat; : i I th [ It ed
theret o, TAdR offpsf Caniifle BIRAN the bR Hnendt SOH B SbdrbE @ oo
section isadbBRPS SferenGisf6sdd i BN pPedeksink dHuRBa 80N Howdwe®, Redrdere
evaporating material v in granular formor bulk form thereby reducing the
speci fi ¢ gushsse tarkeat the andetddmagilet & ahdwhegewpaeatingt hatevalporat i ng

material v in the pan, a lid (not illustrated) having a plurality of
openi ngs &udferert ntampexatuges,[ GoG2¢vanarating evisadbherentansthethepmoessing

monet S dhamba Mo AWNSAISIAD T BF IOVIHaoMSidh ShE IR CRATHIGC RSl g
hanb 20.. ' d t t h { i nt d t S d
e ovapoftdF A MHaits, pheBSRE cHifte bl dhy ad A3Ethet REafing He6Rs dREY By
hanb - ' - L1 ust i ded
Chetde ¢ HETGAGEL 18 MeaEals" fho HAEBEApR Uhambdts UEREC AT ATABOOEAS] |
anot her hagl bgoFRARE BYerdel v RAAIb4RE apoRAME RRakiiRr MAPSFAId:RERghaNDeT

After having evaporate
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.
[0053]

In this case, in case the evaporating material v is dysprosium fluoride,
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 S so that Dy can be diffused and homogeneously penetrated into the
grain boundary phase. On the other hand, in case the evaporating
material v is terbium fluoride, the evaporating chamber may be heated to a
range of 900°C ~ 1150°C. At a temperature below 900°C, there cannot
reach a vapor pressure at which the evaporating material v 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.

[0054]

In order to remove soil, gas or moisture adsorbed on the surface of
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t he evaporating material v inside the evaporating chanber, the evaporating
material v in the vapor atnosphere may be arranged to be supplied to the
sintered magnet inside the processing chanmber 20 through a comunicating
passage whi ch conmuni cates the processing chanber 20 and the evaporating
chanber together. [0053] 1In this case, in case the evaporating material v
I s dysprosium fluoride, the evaporating chanber may be heated at a range of
700C - 1050C. At a tenperature bel ow 700C, there cannot reach a vapor
pressure at which the evqg ?thg mat erial v can, be supplied to the surface
BE ¢

of the si¥intgred maggpes ke pngiprcEh i diffnsead, inie %%ﬁd@féﬁ&ﬂé’l y

t t t th hand, i th
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reach a por pressure at t'he "evapor ati Be supplied
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tenperature above 1150C, Tb gets diffused into the grains and thus the

maxi mum ePg) dyghwrosuisstaatidllyhby terifdigit thhnxhdepsissuravih | theeptovassiag.

[0054] In order to renmove soil, gas or noisture adsorbed on the surface of
23 si nt erghmben 20, Sthrrkafter Dylaan@/mmgﬂthespmssﬁmdor m oredetegmainedboundary
phase, it my b? o) arran ed that, the vacuum chanmber 12 is reduced to a

pr edet er rﬁ%@fis Egagy eAté at tm&e,xbnecislaﬁg)gf beaHngreeans dudbe Agsideans 11
d that t h 0 dt 5 10-4

Py hi ghel! THbIUERETLNE y THPERG 20misdt HBntf ere Tpr eBountorey ¢Retafisdessi ng

chanber 2 {ai{“ﬁ’z{‘ﬁfﬁf&n@f’r g&;r%?‘gﬁgkﬂge&?%ﬂ qﬁ«st%gs for a predeterm ned period

of tine. eating means 3, the inside of the
processi nqogsaber 20 may be heated to, e.g., 100C, thereafter

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. In 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 mounted inside the vacuum chamber 12 after the cleaning has
been completed.

[0056]

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 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
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maintaining it for a predeterm ned period of tine. [00551 On the other

hand, the follow ng arrangenent nmay be nade, i.e., a plasm generating
apparatus (not illustrated) of a known construction for generating Ar or He
pl asma i nside the vacuum chanber 12 is provided and, prior to the
processi ng inside the vacuum chanber 12, there may be executed a
prelimnary processing of cleaning the surface of the sintered nagnet S by
plasma. In case the sintered nagnet S and the evaporating material v are

di sposed in the sane processing chanber 20, a known conveyor robot may be
di sposed ¢ther hangadtimaschespsenstructastithatethel prosessing zhamlern20 nauheed

i nside the vacyum chanber. 12 after the cleanjng has een conpl eted. [00561
Furt her i ert%%tlﬁ"m?bﬂf%ﬁﬁtmotf?het W%’%s‘&%ﬂﬂ?eﬁ'v P AP, tthaé‘gemtam%ahas been
made of an le i;n which t body..2 was consti t,ut by nounting the
Td part B e et (G ogRieREN R YRS TR > i L he
processi ng gz ber 20 is isolated fromthe vacuum chamber 12 and can be
reduced i n pressure acconpani ed by the pressure reduction in the vacuum

chamber 12, iRAsithenrhtored ass@ist S tHel thalléwisithe ABOVMAL 6RaxPc¢h cdrbnt,exanpl e,
after having housed the sintered magnet S into the box part 21, the upper

openi ng t ther logermbectmmes dheredotiyy af fdofflisioh dfbDyeded/oOTH eto2theogian hand,
it may be so constructed that the processing chanber 20 can be hernetically
cl osed i npatticle athase cgaseforeo the omyeen ¢nntpat wiatheedintered magrrst 8rni ned

reseur e LaSEPaseRs B SHIE S SR ne 80 0 Sk e
Ther ef or e b DElal aBR0 BpeRY  “The si ter od mmgnet 8 | L C P
[EXAMPLE 1]
[0058]

In Example 1, as the Nd-Fe-B based sintered magnet, there was used
one in which the composition was 27Nd-3Dy-1B-0.1Cu-bal.Fe, the oxygen
content of the sintered magnet S itself was 1500 ppm, the average grain size
was 5 pm, and which was fabricated into a shape of 20 x 10 % 5 (thickness)
mm. In this case, the surface of the sintered magnet S was finished so as
to have a surface roughness of below 10 pm, and was thereafter washed
with acetone.

[0059]

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, a box body 2 of Mo make having the dimensions of
50 x 150 X 60 mm was used, and 60 sintered magnets S were disposed on
the bearing grid 21a at an equal distance from one another. As the
evaporating material v, 100 grams in total amount of dysprosium fluoride
(99.5%, manufactured by Wako Junyaku K.K.) or terbium fluoride (99.5%,
manufactured by Wako Junyaku K.K.) were respectively disposed on the
bottom surface of the processing chamber 20.

[0060]
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itself may be bel ow 3000 ppm preferably bel ow 2000 ppm and nost
preferably bel ow 1000 ppm [EXAMPLE 1] (0058] In Exanple 1, as the Nd-Fe-B
based sintered magnet, there was used one in which the conposition was
27Nd- 3Dy- 1B-0. | Cu- bal . Fe, the oxygen content of the sintered nagnet S
Itself was 1500 ppm the average grain size was 5 pm and which was
fabricated into a shape of 20 x 10 x 5 (thickness) mm In this case, the
surface of the sintered magnet S was finished so as to have a surface
roughness of below 10 pm and was thereafter washed wth acetone. (0059]

By using the dbeRebieactupbiag the auacuaipes mrateddenmapparchamsbar was

Dr ocoss! riioe Faugrd TECRESS A B Lobd SPaCh PRERGTRATPH (o PERERSEons of
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manuf act ured by ke Junyaku K K. ) or terbiumfluoride (99.5% nanufactured
by Wako JevnpratikgKmateeiad vespecdysaopiutnsflasgdeo(Exd@pldold)orarsirtoace of

t he processing chanber 20. (0060] 25 Then, by actuating the evacuating
means, t ht0QGfEL imcabatherevagerating enatdialed was perbssur Supnidé (Exk@aplePa (t he
pressure i]gsi de the processing chanber was about 5 x 10-3 Pa). The heating

t enper at ut®)- of @mee Hreocurosesranghshpebero 20y repeherbathdgabrsendessriked set to
R RN TR A £ (RN e
(Exanpl e 1 hour, 10 hours, or 18 hours, respectively. Thereafter, heat treatment for

removing the strains in the permanent magnets was executed. In this case,

the processing temperature was set to 550°C and the processing time was

set to 60 minutes. Then, the product thus obtained was machined by using

a wire cutter to dimensions of 10 mm (dia.) X 5 mm.

[0061]

FIGS. 5 and 6 are tables showing average values of magnetic
properties when permanent magnets were obtained according to the above
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 la, as the time of vacuum vapor processing becomes longer, the
coercive force becomes higher. When the time of processing was set to 18
hours, the coercive force was about 24 kOe. In the Example la, on the
other hand, it can be seen that the coercive force above 24 kOe was obtained
only by executing about 10 hours of vacuum evaporating processing (see FIG.

5).
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| b). Once the processing chanber 20 reached the above-descri bed

tenperature, the above-descri bed vacuum vapor processing was executed for 1
hour, 10 hours, or 18 hours, respectively. Thereafter, heat treatnent for
removing the strains in the pernmanent nagnets was executed. In this case,
the processing tenperature was set to 550C and the processing tinme was set
to 60 mnutes. Then, the product thus obtained was machined by using a wre
cutter to dinensions of 10 mm(dia.) x 5 nm (0061] FIGS. 5 and 6 are

t abl es shomﬁn% average val ues of magnetic properties when pernmanent nagnets
wer e obt ai k{6 iccording to the above by using Dy of 99.9% purity in bulk

of 99, 9% pur | D7 WiF BHEE N Herhe HBecU i SYAMOgA RAEC AR g CETUALHE RV
per nnent T hifr R BERRER L, G moBY 6 0 BRI S AP BRI e e
same_condiid GRS 85 vhBuuklGaRUOYR.EATR! hd Biched vEXARL enb oo deorbog L0

t hese ta In the case © e evaporating material containing therein Dy

in the Covflimathe/ eim&EforProcdsdin@wdd Sett tdT8SOhoiC HHE AbRPEN e PoS&E HiBisNY
beconmes | onger, the coercive force becones higher. When the tine of

processi ngboats28 &Oet. 0 AR thbather hinlnd, doea beescbardmtywas thd Ertan2gdlekle. I n the
Exanple la, on the other hand, it can be seen that the coercive force above
24 kOe wadnlyivaprecptingthe pgcamcranaygprapessing dothenlysalkduty He hornrstapgor at i ng

Rt NN M NS M G ACTOMTRGEE SR
ALY A R N R P T e S

t he hi gher e coercrv rce. essing was set
to 18 houp§.orlTiPcsR Bk Shyfrdedce Was

[EXAMPLE 2]

[0063]

In Example 2 there were used Nd-Fe-B sintered magnets that are the
same as in Example 1. In this case, after having finished the surfaces of
the sintered magnets so as to have surface roughness of below 100 pm,
cleaning was made using isopropylalcohol.

[0064]

Then, by using the above-described vacuum vapor processing
apparatus 1, permanent magnets M were obtained by the above-described
vacuum vapor processing. In this case, as a box body 2 there was used one
made of Mo having dimensions of 200 x 170 X 60 mm, 120 sintered magnets
S were disposed on the bearing grid 21a at an equal distance between one
another. Further, as the evaporating material v, DyFs: (99.5%,
manufactured by Wako Junyaku K.K.) or TbF; (99.5%, manufactured by
Wako Junyaku K.K.) and NdF; was formulated in a predetermined mixing
ratio. Alloys of bulk form of about 1 mm (dia.) were obtained in an arc
melting furnace and 200 g in total amount were disposed on the bottom
surface of the processing chamber 20. Also, as the evaporating material v,

50DyF3 or 50TbF;, and 50PrF3 were formulated in the described mixing
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about 28 kCe. On the other hand, it can be seen that, in the Exanple I|Db,
only by executing the vacuum vapor processing for only about 10 hours, the
coercive force of above 28 kOe was obtained (see FIG 6). Judging fromthe
above, it can be seen that the tinme for processing, i.e., the diffusion tine
of Dy or Tb can be shortened. [EXAMPLE 2] [0063] In Exanple 2 there were
used Nd-Fe-B sintered nagnets that are the sane as in Exanple 1. In this
case, after having finished the surfaces of the sintered nagnets so as to
have surface roughness of below 100 um cleaning was nmade usin _

i sopr opy| Etihahlloyneblhplk fowen of phowtil mym fhiadywere detaanedaad 2QUginy apor
processin aratus 1,..perngnen nets M.were,. Qbtai ned.b he
above-des@??ﬁgﬁowg&ﬁfﬁlq} %ﬁen%&'bt}éesnsg%ﬁm Jurtees of s%focﬁ%mgélﬁ%‘imﬂ@ﬂy 2

t here vvaszéjsed one nade of M having di nensions of 200 x 170 x 60 nm 120
sintered nagnets S were disposed on the bearing grid 2l1a at an equal

di stance Hejogsgn one another. Further, as the evaporating material v, DyF3
(99.5% nmanufactured by Wako Junyaku K K. ) or TbF3 (99.5% nanufactured by

Wako Junyaku TRhkn) bgnabthdbidgneite toacudtti@inéahs) theedadrii diegnbéxivag ratio.
Al'l oys of bulk formof about 1 mm(dia.) were obtained in an arc nelting
furnace aomte2@gluged int preaburarbeidt X i €Pai (o peeksume tinsideotheoprocsssihgece of
t he processi ng chanmber_  20. Al so, as tgle evaporating material v, 50DyF3 or
50TbF3, a¢thrmber FEanepbowlorhuX adld P+ hellesheating tempexptare rof ithe” Al | oys

ERSR SE N RO o e
evaporating material contained DyFs (Example 2a), and to 1000°C in case
the evaporating material contained DyF; (Example 2b). Once the
processing chamber 20 reached the above-described temperature, the
above-described vacuum vapor processing was executed for 10 hours.
Thereafter, heat treatment for removing the strains in the permanent
magnets was executed. In this case, the processing temperature was set to
550°C and the processing time was set to 60 minutes. Then, the product
thus obtained was machined by using a wire cutter to dimensions of 10 mm
(dia.) x 5 mm,

[0066]

FIGS. 7 and 8 are tables showing average values of magnetic
properties when permanent magnets were obtained according to the above
by using Dy metal or Th metal as the evaporating material v and, when the
above-described temperature has been reached, the above-described vacuum
vapor processing was executed in this state for 5 hours (Comparative
Example 2a, Comparative Example 2¢), or for 10 hours (Comparative
Example 2b, Comparative Example 2d), thereby obtaining permanent
magnets. According to these tables, in the case of the evaporating material
v containing therein Dy (Comparative Example 2a, Comparative Example
2b), the longer becomes the time of vacuum vapor processing, the higher

becomes the coercive force, which was found to be 24 kOe. On the other
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Then, by actuating the evacuating neans, the vacuum chanber was once
reduced in pressure to 1 x 10-4 Pa (the pressure inside the processing
chanber was about 5 x 10-3 Pa). The heating tenperature of the processing
chanmber 20 by the heating neans 3 was set to 850C in case the evaporating
mat eri al contained DyF3 (Exanple 2a), and to 1000C in case the evaporating
mat eri al contai ned DyF3 (Exanple 2b). Once the processing chanber 20
reached the above-described tenperature, the above-described vacuum vapor
processi ng was, executed for_ 10 hours. Thereafter, heat treatnent for

renovi ng Raedsiny Hixemple gaelnpeppatbatevapasriang materisleruvag. an gllokief case,

o 60 m rd7Es andSHFs R ifoRe oK W BERHTIEN DL IRRE NIt ByoH8 o & w re
tt t 1 i : i Fl 7-

Cabl oo shaving Staphtethe BodBiv Ui ndbatdSbalbe B8 KOS b B 2 e

wer e obt aigfl tReCebéliciie Brdeh@f 3 TokYatiting Edadipled! 22! I RRéRLyas the

evaporating material v and, when the above-described tenperature has been
reached, g$hitainibgveerdesten toatgnacd ofrhighh ptigretiece®peiesasieydditiad inn this
state for 5 hours (Conparative Exanple 2a, Conparative Exanple 2c), or for
10 hour s <¢aGertharemapoeatiiganpteridbyaCanpadiogt of/ByEx amd BrPg )it cahdecegn

obt ai ni ng pernmanent nagnets. According to these tables, in the case of the
evapor at | Wptriahigh egerciyedarnenfy g keevap sbtyineddagmFEe: ¥ Exanpl e 2a,

Conpar at i Vfoqlaf@”pl e 2b), the |longer becones the time of vacuum vapor

pr ocessi ng; hi gher becones the coercive force, which was found to be 24

Co. on he OBke g 1gngh . IBTRhe B8, o 735, MEaUARETE A RRSRL ST 2L

was an alloy o , even i e oy Was y 'm xi ng

V\I\ﬁi 'CE ?Srﬁ%ﬂgtﬁgghg PN DmpPEANe EfnsREDE! ConiRhitivRe TR ARY S, 3hek O,
longer became the time of vacuum vapor processing, the higher became the
coercive force, which was found to be about 28 kOe. To the contrary, in
Example 2b, in case the evaporating material v was an alloy of TbhF3 and
NdFs3, even if Nd was formulated in a mixing ratio of 10 ~ 99% by weight,
the coercive force became above 32 kQOe, resulting in higher coercive forces
than those in Comparative Examples 2a, 2b, whereby it can be seen that
permanent magnets having higher magnetic properties were obtained (see
FIG. 8).

[EXAMPLE 3]
[0068]

In Example 3, as the Nd-Fe-B based sintered magnet, there was used
one in which the composition was 27Nd-3Dy-1B-0.1Cu-bal.Fe, the oxygen
content of the sintered magnet S itself was 1500 ppm, the average grain size
was 5 pm, and which was fabricated into a shape of 40 X 10 x 4 (thick) mm.
In this case, the surface of the sintered magnet S was roughly finished so as
to have a surface roughness of below 50 um, and was thereafter subjected to
chemical etching with nitric acid.

[0069]

Then, by using the above-described vacuum vapor processing
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than the coercive force of the Conparative Exanples 2a, 2b, thereby

obt ai ni ng permanent nagnets of high magnetic properties. In addition, in
case the evaporating material was an alloy of DyF3 and PrF3, it can be seen
that a high coercive force of 27.5 kOCe was obtained (see FIG 7). [0067] On
t he other hand, also in the case of the evaporating material containing Th
(Conpar ative Exanple 2c, Conparative Exanple 2d), the |onger becane the

ti me of vacuum vapor processing, the higher becane the coercive force,

whi ch was found to be about 28 kGCe. Jo the contrary, in Exanple 2b, in case
the evapoRRRATA§usH: dermanenkagnetsy h@weaﬁ C’CPGF@@;ngY thgraboveyeseeribefly was

f I d i | Xi i fr.10 .- 99% b i gh i f

became abdeus aedr HabGrithg Tt gice Tl PPebpdy s tBERERafed

Co ti (MP.IYe ; oo t t
ha\?ﬁgah:%lﬁeergfnagnet%?%&prh%g& igé%éé{% ta?ﬁggé(efgeﬁd‘%%gﬁﬁﬁ%}&gﬁgng] >

[0068] | nsikkaxel! Rakneds S ReeddigpoBedasiedhsi PéAGIRE %@anﬂa dthgheey¥@ used
one in which the conposition was 27Nd-3Dy-1B-0. 1Cu-bal . Fe, the oxygen

cont ent odlistdreces fruner @k mawgitkér. S Al stdefl evasorhbiiy mpateridievadesm@eiwghai n si ze
was 5 pm and which was fabricated into a shape of 40 x 10 x 4 (thick) nm

In this clueride 189S, meavérctumed hynWaked) wriprar KsKwaer tethgnmy fltpridehed so
fo chem Er5%: EMTIaaHERInDY nVeka ey AoBoR ) AL eleBgnis Angliphgrere
above SesgiL S Ve QAL PR A5G R ar STVBRCPAL IO AR TR oL
as the bogBaey fin) 60k MEth WSE%hus obtained in an electric arc furnace and

was disposed on the bottom surface of the processing chamber 20 in 300

grams of total amount.

[0070]
Then, by actuating the evacuating means, the vacuum chamber was

once reduced in pressure to 1 x 10-4Pa (the pressure inside the processing

chamber was about 5 x 102 Pa). The heating temperature of the

processing chamber 20 by the heating means 3 was set to 850°C in case the

evaporating material v contained dysprosium fluoride (Example 3a), and to

1000°C in case the evaporating material v contained terbium fluoride

(Example 3b). Once the processing chamber 20 reached the

above-described temperature, the above-described vacuum vapor processing

was executed for 10 hours in this state. Thereafter, heat treatment for

removing the strains in the permanent magnets was executed. In this case,

the processing temperature was set to 550°C and the processing time was

set to 60 minutes. Then, the product thus obtained was machined by using

a wire cutter to dimensions of 10 mm {(dia.) X 5 mm.

[0071]
FIGS. 9 and 10 are tables showing average values of magnetic
properties of permanent magnets that were obtained in the above-described

Example 3, together with the average values (Comparative Examples 3a,
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one of Mod-Y nmake having the di nensions of 200 x 170 x 60 mm and 60
sintered magnets S were di sposed on the bearing grid 2la at an equal

di stance from one another. As the evaporating material v, dysprosium
fluoride (99.5% nanufactured by Wako Junyaku K K.) or terbiumfluoride
(99.5% manufactured by Wako Junyaku K. K.) and elenents A alloy were

wei ghed to nmake an all oy of 90DyF3 or 90TbF3, and 10A alloy. An all oy
(about 1 mm of bulk formwas thus obtained in an electric are furnace and
was di sposed on. the bott.om surface qof .the processing chamber .20 in 300
grams of Tk af taﬁnmﬁgnetlemerﬁtﬁ%&? the Rermarent Magiaekiained Weans, the

el de ¢ nannrar. SRndl o, B R Seld BORIRNS ASmilie (e YemeRE A%
temer at kel % HeAEoRHIAT EIRRIENEE W AR LAY dBEhA. s et to

850C in case t evaporating material V-contalne ysprfosiu uori de

(Exanpl e gwkeivenfbrt® wdd@Bout 2L &ER: 1HECHUPRAUEE ExdMpRY Bal tHefPMadl ned
terbiumfluoride (Exanple 3b). Once the processing chanmber 20 reached the

above- descbtiaheel coeqpévafarces abbee 164 de(ole anndi degendmgpionvidpocormlitioassi ng

was executed for 10 hours in this state. Thereafter, heat treatnment for
renovi ng even sbewd B8 kQe biiecopebimime the elgments Ads threalympzosiunn flupridecase,

t he processi tenperature was.set to 550C and the processing ti was set
to 60 nindt&8S eYAB ,atmferrpﬁtsa@étvtﬂ‘&)@ BTGV dersherh Hew edepy tas1avg a wire

cutter togdipensions of, 10 la.) x 5 mm [0071] FIGS. 9 and 10 are
t abl es sh lgﬁtﬁgr]zﬂ}é?% gﬂ?ﬁ? gg?%? magnetic properties of pernmanent magnets
that were Bmﬁ ned in the above-described Exanple 3, together with the
aver age val ues (Conparative Exanples 3a, 30 3b) of the nagnetic properties

of the permaneni tHBOGHes RRAAI RAfle ithedcoercive force was about 28 kQOe in
Comparative Example 3b, it was possible to obtain a coercive force of above
29.4 kOe, and even a coercive force of 30, depending on conditions, by
adding elements A to terbium fluoride as the evaporating material v in
Example 3b, whereby the coercive force was further improved.
[EXAMPLE 4]
[0073]

In Example 4, there was used the same Nd-Fe-B based sintered
magnet as in Example 1. In Example 4, however, there was used one in
which the oxygen content of the sintered magnet S itself was 1500 ppm, the
average grain size was 5 pm, and which was fabricated into block shape of
10 x 10 % 10 (thick) mm. Then, by using the above-described vacuum vapor
processing apparatus 1, and as the evaporating material v there was used
DyF3 (99.5%, manufactured by Wako Junyaku Kabushiki Kaisha) that was
manufactured in the same manner as in Example 1, and vacuum vapor
processing was executed under the same conditions as in Example 1. In
this case, the processing time after the heating temperature in the
processing chamber 20 reached 900°C was made to be 12 hours. Further,
as the box body 2, there was used one of Mo make having dimensions of 200

% 170 x 60 mm and 30 sintered magnets S were disposed on the bearing grid
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simlar manner as in Exanple 3, without fornulating the elenents A
According to these tables, the followi ng can be seen, i.e., that while the
coercive force was about 24 kCe in Conparative Exanple 3a, there was

obt ai ned coercive forces above 26.4 kOe and, depending on the conditions,
even above 28 kCe by conbining the elenments A to the dysprosiumfluoride as
the evaporating material v. The coercive force can thus be seen to have
further inproved (see FIG 9). [0072] On the other hand, while the coercive
force was about 28 kOe in Conparative Exanple 3b, it was possible to obtain
a coerci v21a ot éa esruad istance o pnr@nothely even a coercive force of 30,

dependi ng cindi tions, by adding elenments Ato terbiumfluoride as the
evapor at i ngdb?glt erial v in Exanple 3b, whereby the coercive force was

f h i . 3l I X h

o ERE boe by, BPAE ke LORThedel R e BRL St B o,
was used Bé‘ﬁnhﬁ ne’"ﬁiegéhettg.e IXUGRD N UHRL pRiceddifig S B&\ﬁe’rﬁﬁuf@%@ et tof Sel f
was 1500 ppm t%e average grain size was 5 pm gng I ch was a%rl cated

into bl ocksgt@padathe gidc¥ssifig Xime wadbstkto 60mihbess. PPhdiehfter i using _
above-descri bed vacuum vapor processing apparatus 1, and as the evaporating

mat eri al & wireraitbas thegorodDgf3 th 99 obtgined nuémc tut entdovhakiwkhasy akd
Kabushi ki Kai sha) that was manufactured in the same manner as in Example 1,
and vacuumapbra @irectiesnprypaadicaet foetheinmagnetie shgamestdiliteeiienas in

Exanple 1..In. this gase,. the processing ti after. the heating tenperature
in the pHIEbE AR RIRAFEERE R TANARE 0 OBRRES hd MEUEDIK: be 12 hours. Further
as the box W 2, there was used one of M make havi ng di nensi ons of 200 X
170 x 60 n‘nan 30 sintered nmagnets S were disposed on the bearing grid 31

FIG. 11 is a table showing average values of magnetic properties of the
permanent magnet pieces obtained in the above Example 4 together with
the average values of the magnetic properties of the sintered magnets in
block form (Comparative Example 4a), the one cut into 1 mm in thickness
without subjecting the sintered magnet to the vacuum vapor processing
(Comparative Example 4b), and permanent magnet in block form that was
subjected to vacuum vapor processing (Comparative Example 4c).
According to this table it can be seen that, by executing vacuum vapor
processing, the coercive force further improved and, even if they were
subsequently cut, the coercive force did not lower, and a coercive force of
18.2 kOe was obtained.

[Brief Description of the Drawings}
[0103]

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
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2la at an equal distance to one another. [0074] Then heat treatnment was
executed to renove the strains in the permanent nagnets. In this case, the
processing tenperature was set to 550C and the processing tinme was set to
60 m nutes. Thereafter, by using a wire cutter, the products thus obtained
were cut into the thickness of 1 mmin a direction perpendicular to the
magnetic alignnment direction, thereby manufacturing permanent nagnets of 1
mmthick. [0075] FIG 11 is a table showi ng average val ues of magnetic
properties of the permanent nagnet, pi eces obtained in_the above Exanple 4
toget her of thhe SHiteredr Mp@DEh| ciasesk hyhanaehineng.c andodllGi & (B ishansi nt er ed

ts i bl ock f ' le 4a), t t jnto 1 [
Ui cknessSATRETY SUTY GOCTHE: N SPRIGECmighe: ot § BRemohcatomsen
br ocessi nh o GOIRALALH VS PHATRL Syl R AANENt magnet in bl ock f orm

t hat was ubje £'0 ‘Vacuum vapor processing (Conparative Exanple 4c).

According to FGs 5tR0 eable IRRviRg HReAgE RaTuestf xﬁégﬁé'ﬁih HFoMET L BVIEHROT
processing, the coercive force further inproved and, evén 1f they were

subsequenpéymatiént ifagneo e £nwfactwedandicdortindeomith, Eexdph: toerci ve force of
18.2 kOe was obtained. [Brief Description of the Drawings] [0103] FIG 1 is
a schematic e¥pGafaso yablesshosfing avewage yahtdsof magnbtic prepemiment! thegnet
manuf actured in accordance with this invention, FIG 2 is a schematic view
of the vaPEKRpeRLEAGNGY turedrigraccardancei wighiiamplac bisi ng of this

ovent on: Pl G LS R L B SRR 0L
an expl angt g ¥n¥h W AR g SRk Alded A d QB Binck NPitRYE LAGSle 2a;
FIG. 8 is a table showing average values of magnetic properties of the
permanent magnet manufactured in accordance with Example 2b;
FIG. 9 is a table showing average values of magnetic properties of the
permanent magnet manufactured in accordance with Example 3a;
FIG. 10 is a table showing average values of magnetic properties of the
permanent magnet manufactured in accordance with Example 3b; and
FIG. 11 is a table showing average values of magnetic properties of the
permanent magnet manufactured in accordance with Example 4.
[Description of Reference Numerals and Characters]
[0077]
1 vacuum vapor processing apparatus

12 vacuum chamber

2 box body

21 box part

22 lid part

20 processing chamber
3 heating means
S sintered magnet

M permanent magnet

v evaporating material
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32 of the sintered magnet caused by machining, and FIG 4 (b) is an

expl anatory view showi ng the surface condition of a pernmanent magnet

manuf actured in accordance with this invention; FIG 5 is a table show ng
aver age val ues of magnetic properties of the pernmanent nmagnet manufactured
I n accordance with Exanple la; FIG 6 is a table show ng average val ues of
magneti c properties of the permanent magnet nanufactured in accordance with
Exanple Ib; FIG 7 is a table showi ng average val ues of magnetic properties
of the permanent nmagnet manufactured in accordance with Exanple 2a; FIG 8
is a tabl WW&%@@MEQ«&IS}M ues of magnetic properties of the pernanent

magnet manuf acgtured i fcgorda e wth Exa Ieﬁib; Fl 9 is.a table show ng
aver age val ue 'oiAWQEI% P 8FtYrule gpermanent magnel, COMIPRSNGanuf act ur ed

| accor dance L BB Broiicfl fedl elrheRalAB! Sn NN AR BUELATE AL UoS of

magneti c prop permanen manu ured I'n accordance with

Exanpl e 3Bas@gintbied hhghdt Aidpdlbe i APMoREsRYEERGMbYE ues of magnetic
properties of the permanent nagnet manufactured in accordance with Exanpl e

4. [ Descri pticoapofatiief anenepoiatingahatatd hmapasirgy 8]1flidode bonthiaguum
vapor processing apparatus 12 vacuum chanber 2 box body 21 box part 22
lid part 20 lpretensi nff BhambérTh3 digpisedgimearan® girnteptiempyoeessing
per manent magnet
chamber;
causing the evaporating material that has been evaporated to get
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 grain particle phase of the sintered magnet.

2. The method of manufacturing a permanent magnet according to
claim 1, wherein the evaporating material further comprises a fluoride

containing at least one of Nd and Pr.

3. The method of manufacturing a permanent magnet according to
claim 1 or 2, wherein the evaporating material further comprises at least
one material of the group consisting of Al, Ag, B, Ba, Be, C, Ca, Ce, Co, Cr,
Cs, Cu, Dy, Er, Eu, Fe, Ga, Gd, Ge, Hf, Ho, In, K, La, Li, Lu, Mg, Mn, Mo,
Na, Nb, Nd, Ni, P, Pd, Pr, Ru, S, Sb, Si, Sm, Sn, Sr, Ta, Tb, Tm, Ti, V, W, Y,
Yb, Zn, and Zr.

4., The method of manufacturing a permanent magnet according to
any one of claims 1 through 3, wherein the sintered magnet and the

evaporating material are disposed at a distance from each other.

5. The method of manufacturing a permanent magnet according to

any one of claims 1 through 4, further comprising executing increasing or
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v evaporating material 33 WHAT IS CLAIMED I S: 1. A nmethod of manufacturing a
per manent nmagnet, conprising: heating to a predeterm ned tenperature an

i ron-boron-rare earth based sintered magnet di sposed in a processing
chanber; evaporating an evaporating material conprising a fluoride
containing at |east one of Dy and Th, disposed in a same or anot her
processi ng chanber; causing the evaporating material that has been
evaporated to get adhered to a surface of the sintered nagnet; and

di ffusing netal, atonms of at gaeast one of Dy and Th of the adhered
evapor at | IRFTRATISE) A AW igeheYARAAtIoR & pRARY AL teRPeIAtLE: BY VARGt . 2.

Th t hod of f act t t di, ng .t im.1,
nhor o RePes RO BURRHE 4rRd G BRE IRABRt RS M ECL me datePasd B0RE i ng at
| 1 t t t
nccor i ngPfisetdpR chmbet, oAy Aafhing e floile el IR e mane
conpri seSe\aé&Jraee&ievamﬁaeﬁtg%ménQItotm AlrPade &Q’l‘é's‘ii&é}ﬁ((i}e%aa?et Ag, B, Ba,

Be, C, Dy, Er, Eu, Fe, (3, , Ho, In, K
LaLl,Lul\/gl\/hl\/b I\laNbI\lle,PPdPrRuSSbS|,SmSn

Sr, Ta, Th, Tm Ti, V, Y, Yb, Zn, and Zr. 4. The nethod of manufacturing
a per manent ﬁagﬂ&te m@icblﬂdl ‘hﬁm&lﬂu ﬂV-lrdm& a)ﬂ)ecm@unmtlmtaﬁnemgwchmgemel n the
si ntered magnet the vap ti materi al .are di spo di st ance
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varying thereafter reducing the pressure in the processing chamber to a

predetermined pressure and keeping the pressure thereat.

7. The method of manufacturing a permanent magnet according to
claim 6, further comprising, after having reduced the pressure in the
processing chamber to the predetermined pressure, heating the processing
chamber to a predetermined temperature and keeping the temperature

thereat.

8. The method of manufacturing a permanent magnet according to
any one of claims 1 through 7, further comprising, prior to the film-forming

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

9., The method of manufacturing a permanent magnet according to any
one of claims 1 through 8, further comprising, after having diffused the
metal atoms into the grain boundary phase, heat-treating the permanent
magnet at a predetermined temperature below the said temperature to

remove strains of the permanent magnet.

10. The method of manufacturing a permanent magnet according to

any one of claims 1 through 9, further comprising, after having diffused at
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a specific surface area of the evaporating material to be disposed in the
processi ng chanber, thereby adjusting an anmount of supply of the evaporated
evaporating nmaterial to the surface of the sintered nmagnet. 6. The net hod of
manuf acturi ng a permanent nagnet according to any one of clainms 1 through
5, further conprising: prior to the filmformng step, disposing the
sintered magnet in the processing chanber; and thereafter reducing the
pressure in the processing chanber to a predeterm ned pressure and keepi ng
the pressure thereat. 7. The method of manufacturing a pernmanent nagnet
accor di nglaast ope of fveand Jih inde the gyainsbendany: rhased th siatrred amegeetyr essur e

inth ' hanber to th det i ned , .heatj. th
pr ocessi it S SRIGTET naguete P pre deiszrned dRickpops dp Adlitgigon
t enper at “f»?r&)etxﬂ%ﬁg} 0§ e%ﬂgiﬁgﬁgﬁﬁegﬁﬁ%gﬁw“ ng a permanent magnet

accordi ng any one o rou urther conprising, prior to
the filmformng step, cleaning the surface of the sintered nmagnet by

pl asma. 9. The nmethod of manufacturing a pernmanent nagnet according to any
one of clairnmd.1l Ahrprgiaintl enagest doving Sangiroaberonirmten@adili f biged t he
metal atons into the grain boundary phase, heat treating the permanent
magnet at siatpresdd magneitnéhe tparpeanantr magskeb\being chairdctesinedr iy whatt e r enove
strains of the permanent nmgnet, .10. The nethod of nmanuf a_cti,llri ng a permanent
magnet acéditeredymagneinls drPosed dpad mrocessing sdiambers apdnis: heated tasiang,
after havin iffused at 35 | east, one of and Th into. the ai n. boundary
phase of - PRAIGPHAUNG GumpaiRental, i Hevahonangq vasial Theds 1 3
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t he
material is caused to be adhered to a surface of the sintered magnet; and
that metal atoms of at least one of Dy and Th of the adhered evaporating
material are caused to be diffused into grain boundary phase of the sintered

magnet.

12. The permanent magnet according to claim 11, wherein the

evaporating material further comprises a fluoride containing at least one of

Nd and Pr.

13. The permanent magnet according to claim 12, wherein the
evaporating material comprises at least one material of the group consisting
of Al, Ag, B, Ba, Be, C, Ca, Ce, Co, Cr, Cs, Cu, Dy, Er, Eu, Fe, Ga, Gd, Ge, Hf,
Ho, In, K, La, Li, Lu, Mg, Mn, Mo, Na, Nb, Nd, Ni, P, Pd, Pr, Ru, S, Sb, Si,
Sm, Sn, Sr, Ta, Th, Tm, Th, V, W, Y, Yb, Zn, and Zr.

14. The permanent magnet according to any one of claims 11 through
13, characterized in that, after having diffused at least one of Dy and Th
into the grain boundary phase of the sintered magnet, the sintered magnet

is cut into a predetermined thickness in a direction perpendicular to the
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sintered magnet is disposed in a processing chanber and is heated to a
predeterm ned tenperature; that an evaporating material made of a fluoride
containing at |east one of Dy and Tb and di sposed in a same or in another
processi ng chanber is caused to be evaporated; that the evaporated nmateri al
is caused to be adhered to a surface of the sintered nagnet; and that netal
atons of at |east one of Dy and Tb of the adhered evaporating material are
caused to be diffused into grain boundary phase of the sintered nmagnet. 12.
The permanent nagnet according to claim 11, wherein the evaporating
nmateri al Mmagnesic aligpneskdirgctipnori de containing at | east one of Nd and Pr
13. The permanent nagnet according to claim 12, wherein the evaporating
material conprises at | east one material of the group consisting of A, Ag,
B, Ba, Be, C, Ca, Ce, Co, C, Cs, Cu, Dy, Er, Eu, Fe, Ga, &d, Ge, H, Ho,
In, K, La, Li, Lu, My, M, Mo, Na, Nb, Nd, Ni, P, Pd, Pr, Ru, S, Sh, Si,

Sm Sn, Sr, Ta, Tb, Tm Ti, V, W Y, Yb, Zn, and Zr. 14. The pernanent
magnet according to any one of clains 11 through 13, characterized in that,
after having diffused at | east one of Dy and Tb into the grain boundary
phase of the sintered magnet, the sintered magnet 1is cut into a
predeterm ned thickness in a direction perpendicular to the 36 nagnetic

al i gnnent direction. 37
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