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

[ Techni cal Field] 10001] The present invention relates to a

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

SPECIFICATION

PERMANENT MAGNET AND
METHOD OF MANUFACTURING SAME

[ Technical Field}
[oo01]

The present invention relates to a permanent magnet and a method of
manufacturing the permanent magnet, and more particularly relates to a
permanent magnet having high magnetic properties in which Dy and/or Th
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 1s as low as about 300°C, there is a problem in that the
Nd-Fe-B sintered magnet sometimes rises in temperature beyond a
predetermined temperature depending on the circumstances of service of
the product to be employed and therefore that it will be demagnetized by

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

In order to solve this kind of problem, it has been proposed: to form a
film of Dy and/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 fo 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
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[Disclosure of the Invention]
[Problems to be Solved by the Invention]
[0007]

Regarding Dy metal or Tb 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, Tbh 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 cbtained 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 Tb metal obtained in the above-described processes are
very expensive. [n this case, since there is used Dy and/or Tb 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 Tbh 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
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magnetic pr(®®88lies, the nethod being capable of manufacturing the

per mmnent magnet at a high productivity and | ow cost. [Means for

Sol ving the Pr Bbpm]to[qynghe 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 Th 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 Tb 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
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permanent magnet having still higher magnetic properties as compared



with the conventional ones. Still furthernore, since the nelting
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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(Th-Fe). Therefore, the velocity of diffusion of metal
atoms of Dy and/or Th 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



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 nagnet renmins substantially the
sane as the one before executing the above-described procedures. In
this manner, the permanent magnet can be prevented from deteriorating
(surface roughness getting worse) in the surface thereof. Further,
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[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 Tb, 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.



[ 0018] Preferably, the nethod further conprises, after having
diffused the netal atons into the grain boundary phase, heat-treating
t he permanent nagnet at a predeterm ned tenperature below the said
tenperature to renove strains of the permanent magnet. Then, there
can be obtai ned a permanent magnet havi ng hi gh nagnetic properties
and in which the magnetization intensity and the coercive force are
further inproved. [0019] Preferably, the nmethod further
conprises, after having diffused at | east one of Dy and Tb into the
grain bound®Oj7bhase of the sintered magnet, cutting the pernanent
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he magnet e THBIGRLRR R otieb 0 TREBYS AP AR IR0t GHF SYEIESE PhRe ac
compar ed Wihfarkln 4%, ot dfusth>HA BEEA HBOARRE DaRURE Y AldTthe
havi ng preofeterm ne i'mensions ar€ cut 1nto a plural ity of thin
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be execut ef]a‘flﬁgémélg%fﬁ]%‘?m{‘}ﬂﬁ’.s“ﬁ?&e%w&t ory work of the
above-descr'd@qg]vacuum vapor processing becane easier, resulting in
an inprovenent in productivity. [0020] In this case, if the

sintered magnet Hréferdbly] 6he nidtbod goithesl comppided)Vaftdrahsyvial dfftbdEthe
cutter, and the like, there are cases where the magnetic properties

are remar keekal @omsy indpathedgriue hosndaes phags rkeadtteehting the peryenant
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even if thgerpdrietn ethaFRngh avifg Shigheehdghbc t fiopeti@r @ndt on tRBRICADYhe
obtai n pernmanent nagnets in a subsequent step, the magnetic

proper t i esmagaepzatienindansityy andshe corgcive ferce arafwdher mpmvyeilnat i on
with the f @hiat the finishing is not required, there can be

obt ai ned aa@) IiHhnent magnet which is superior in productivity.

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



+ [0021] Further, in order to solve the above problens, a

per mmnent magnet according to claim 11l has an iron-boron-rare earth

based sintered magnet. The permanent nagnet is characterized in: that

the sintered magnet is disposed in a processing chanber and is heated

to a predeterm ned tenperature; that an evaporating material nmade of

a fluoride containing at |east one of Dy and Tb and di sposed in a

sane or in another processing chanber is caused to be evaporated,

that the evaporated nateruilbls caused to be adhered to a surface of
a8
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pref erabl Yma?ﬁ@t eVHBRL), T IR edb'o% dbsriHegr vﬁ&ﬂﬁﬁ' §§}§ma frbéé%lhgels

containing at | east one of Nd and Pr. 100231 he ‘evaporati ng
mat eri al pe:ebetedb H:lye (gmmmrpmﬂzﬁ:laaphhmhas anléy-lmhepshﬁe aid ﬁhehglf Dyphas
consistin Ba, Be, C, Ca, Ce, Co, O, GCs Dy, Er,

Eu, Fe, ee@d L@egfqnljr marmhe sarfacg off the mmswg Tlmxefqvg, even ifthe
\I\(Id Ygi ' 7n. s:Pﬂe'aetg magﬁ)toﬁ”sﬁcéd Thto %Hin p1éces "to {:li-nereby ob-[am petmahel)l/i\;/
magnets in a subsequent step, the magnetic properties are prevented from
getting deteriorated. In combination with the fact that the finishing is not
required, there can be obtained a permanent magnet which is superior in
productivity.
[0021]

Further, in order to solve the above problems, a permanent magnet
according to claim 11 has an iron-boron-rare carth 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 Th 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, Li, Lu, Mg, Mn, Mo, Na, Nb, Nd, Ni, P,
P4, Pr, Ry, S, Sb, Si, Sm, Sn, Sr, Ta, Tb, Tm, Ti, V, W, Y, Yb, Zn, and Zr.



The permanent magnet is preferably characterized in that, after
having diffused at | east one of Dy and Th into the grain boundary
phase of the sintered nagnet, the sintered nagnet is cut into a
predeterm ned thickness in a direction perpendicular to the nagnetic
alignment direction. [Effects of the Invention] [0025] As
descri bed herei nabove, the permanent nmagnet according to the

I nvention has an effect in that, as conpared with the conventi onal
one, it has a slill hi gher coercive force and hi gh nagnetic
properties.Qﬂgé rding to the method of manufacturing the permanent

magnet of thismwinvention, .there can be manufactured .a per ent
magnet t hat hall% %%rmqn%tgﬂagrgnggés cPVJerfﬂg’r% eC%gﬁ?J&WI?ﬁ(P Hingﬁﬂat’ after
producti vi Bﬂviﬁg Brh Q¥R Lt (3t onk Be Yy MA@ty GRS %Yéig%@ﬂdaﬁ'f'?)hase of
| nvention] 10026 ] Wth refererice to FIGS. 17and 2, a pefnanent
magnet M othet bintpreds emdgriety ¢hé i sintdred neaghecisircad imyo sd et ateemirddy
executing a series of processes (vacuum vapor processing) of: a first
step in whtbdekness &y ashrestionperperdiralar o the pacaetic plisamens ditention.er
s caused t f;teﬁfﬁégg%edﬁag the evaporated material is caused to
be adhered % V6P 3" Nd- Fe- B based sintered magnet S that has
been fabri cigjpeg)to a predetern ned shape; and a second step in which,
out of the evaporating naterial adhered to the surface of the
si nt ered nagnetAsSdebdrébadehateintivove, che Qeraraheat mbgmsteactofdingerd tht o
the grain boundary phase so as to be hoanenequsIK spread (or ]
penet r at edirvepiopAas an effect 1n that, as compared with the 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 is 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 0.056 mm ~ 0.5 mm by the known strip casting method.
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The Nt|-Fe-B sintered magnet S as the starting material is

manuf actured as follows by a known nethod. That is, Fe, B, Nd are
formul ated at a predetermned ratio of conposition to first

manuf acture an alloy of 0.05 nmm- 0.5 mmby the known strip casting
met hod. Alternatively, an alloy having a thickness of about 5 mm may
be manufactured by the known centrifugal casting nethod. A snal

amount of Cu, Zr, Dy, Tbh, Al or Ga may be added therein during the
formul ati on. Then, the manufactured alloy is once ground by the known

hydr ogen gAlterhiatiyefy, oaes allapd haulge guaihlidinebs nefl yabgaouidnhy twhey be
jet-mll fine géi ndi ng process, thereby obtaining alloy raw neal
powder . Subgaylpshared bipyhe krowm esitrduedastngmetbrdi nd smalhameunt ph

N wdar i i d i ic fiel j.call
a1 i oneay o 2" RST b P SL RS b febfd AEE, Skt ARALGaUAR, .
such as a TRGl afigllRsnRAkalred! SROPEE. ol BFound®BY THE Kdds

. rogen
thereafter, 1s sintered under given conditlons tg manuf act ur t?’u

above- descgdih@ithgs ppdcese damd gndiseqh&OPB] finely krovieiniye the ofetmillifig
the alloy raw nmeal powder, in case the known |ubricant is added to
the al | oy gmndimganropessesherepy obtaiping allehrewimedppowdere Bubsequently,

conditions, i each of the st.eps af,. manufacturjng,the sintered net
S 5o that PhibsEER™E, ommprsrsinBaatldie prghtienths Blonggiemesl pavper s
within the aof i i t.Q: 4 nfdJ i an,

wi t hout be?fril%{tigﬁfllﬁuiélﬁecgl y tfé, B8 GEERIHGATy | figrst? MY BB B a
magnet S, Mgtadlic/ atoldb intthea egrédetéhrinedr fshape olutlhe asi it efeethrgadmet

can be efficiently diffused into the grain boundary phase, thereby
at t ai ni ng pargHelepannds cplumy, afdiimolike andy thereafter; igseinteredtunsengiven

grain dianeter,.is smalle han,4 a pennmanent net having a high
coercive f?ﬂ"?étl%lhﬁntob‘BaBBfaﬁ%Wéa’&haL?gg}'%%'ﬁ%é‘lbcni;lgfsﬁﬁgelrg;ﬁglﬁgnﬁg and/or Tb
into the griggagpoundary phase. However, this will dininish the

advant age of adding the lubricant to the alloy raw neal powder, the

advant age bei nin ¢ompressionhaoldingvald hlléy rawnnésd maedereh ehseithg known
conpression nolding in the magnetic field and the orientation can be

i mproved. Imbasicant éneddedot Bie alley rawmmeaad powdgnadt iswrafernahde te oplimize
gp gaugf ZX{h%Ec%JoHdEtéézbseir{ ga%%ngp {hef sltgfa(s gF &%&u’fae%ﬂ%n%%ﬁa%‘i’ﬂ%e?@f rn%}/gnet S
so that the mean grain diameter of the sintered magnet S falls within the
range of 4 pm ~ 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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the magnetic properties will be |owered. On the other hand, if the
mean grain dianeter is larger than 8 pm the coercive force wll be
| onered because the crystal is large. In addition, since the surface
area of the grain boundary beconmes snaller, the ratio of
concentration of the residual carbon near the grain boundary becones
| arge and the coercive force becones largely |lowered. Further, the
resi dual carbon reacts with Dy and/or Tb, and the diffusion of Dy

into the grain boundary phase js_ inpeded and the tine of_ diffusion
becones | offemagpelde ProRayties Wabbe dowersd: i Pt the pidmpthand, ifighe mesan i n

FIG 2, a vacuu . pr. Sjin pparatus 1 for gxecut.i;ng t,he
above- desc%/’i%ﬁlé %%@%éé?&gfq?%séhaﬁklgcﬁ%at affiser Ve 2oy \mpcﬂe gowered
pressure CgdpabSe flR0MG8Eh1101a3Rd ke RAdRon, 8inkE SHEGRHEES SFLPERDHE Yrin
(e.g., 1 x 10-s Pa)through an evacuating neans 11 such as

t ur bo- nol ebalratarp bepomes ympliey, thdirktio sif eong@mtratianadf theerdsidel catisme
is disposed in the v_ac:ﬁumghanber 12 a box body 2 conprising: a
rect angul aReg3abha |gEpisH bpradmak beearpes langet andthg penercize r oxeee bpedmes

open; and I t 22 i i,s detachably. nount ed on, the open per
surface of kéelgb@%ref)%%t %ﬁﬁ%#e res@agﬁﬁ%m a?v%%whflﬁ%ﬁd%?ofzigi s
formed al oggq the demidib® of e Woeh@NGaiP botidary Sha' s i%?ped%ea‘hnfbﬂﬁe
lid part 22 is nounted in position on the uppér surface of the box
part 21, ttimefdfaiifesidRhecamés longdr, ire¢udtingen poveprodalctivitf. t he box part
21 (in this, case, no vacuum seal such as a netal seal is provided),
so as to deki0sBla processi ng chanber 20 which is isolated fromthe

vacuum chanber , 11, |t i.s configured that. when the vacuum chanber
15 educed 1 o iR F TR dah YehET, dRbon ProfEatiE e | Y

predet er m geduALeSHY GhbFe-Bescribed PFchSing IR BT PLAARA "CharhNO§D 20
is reduced in pressure to a pressure (e.g., 5 x 10-4 Pa) that is

hi gher subwhiht a pkdsguby cimalbe reddedi to, tandnkdphtatt, apredeteyminsdprdsanizer

12. [0032] The vo&urre of the processing chanber 20 is set,
taki ng i nt®-&ohsi HEF Re) shraugh srgraquedingyaeansy il sheh @ dyshormolgpular

i al h he,. i i | . I4N.
Vapor at roRiiEr ¢oRRmiss GRUSRALALEET aRE Borfthe o T HRGrr HES iR 1 or
froma pl upghduby cBAmBbf Q04 882 Hdy LaRAsHSAeC R tebSin Bar %@g&%}e@ﬁ@&es

of the box part 21 and the |id part 22 are set to have t ses

not to be béepax 2V wdéi annmepperhenrfiveabadg lopen; hadtd hid paar2? whidkeis
descri bed hereinafter, and are nade of a materjal that does not react
with the edetpehahly mpuntedopdheppen 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 is 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 10-5Pa), 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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[ 00331 «I'n other words, when the evaporating material v is, e.g.,
dysprosium fluoride, in case Al 203 which is often used in an ordinary
vacuum apparatus is used, there is a possibility that Dy or Nd in the
vapor atnosphere reacts with Al 203 and form products of reaction on
the surface thereof, resulting in penetration of the Al atons into

t he vapor atnosphere of Dy and/or Th. Accordingly, the box body 2 is
made, e.g., of Mo, W V, Ta or alloys of them (including rare earth
el enents added Mo al | oy, Ti added M allaqy, and the CaO Y203 or
oxi des of rarelRarYoluricorpfnthe Broceesing | Fléﬁiébelbyzq oenisal éﬁkmﬂnénto

b1 of. O SRSIRHAT Tn S WU padiodt Pl BhoRE e Thardial AU 1L ¢
arranged i thel é{zéﬂcﬁrﬁuﬁ& aaarﬁﬂerzern&ma&ﬁebehgmaef tﬁ%&&ah&mT?Hrﬁeace

in the processing chanber . On this bearing gri a plurality of
si ntered nappdied t8 tharsmmrpdlanmalsjdubytlys iot drorfora ph&'ahtjhef divactdonst he
evaporating nmaterial v is appropriately placed on a bottom surface,
si de surfa @Hﬁat’é‘gt(@bll’%}gﬁf’r ac']glq)rpuqupf@smf she bax pgricAhmpd thedid P@@?@l

As the evapora Fl v th are use orides nt

Andl or T Uil 1P SegB fdRisp s ot B grwaﬂagdﬁﬁre%eiﬂfhsa% @S@d" by
princi pal phasg m%blﬁé‘ £8 De WIBIBS ﬁa}eflﬁ 1‘ dadand Aﬁ&’&ebb z%]tlé ak $Bat
Dysprosium fluoride and terbiumfl uorl are produc novvn
met hod. Asddelsenotpemiwmrthghemvmﬂ-atmgenﬂemabvused a dry met hod in

whi ch oxi d of Dy and/or Tb are reacted w th anhydrous hydrogen
fluoride c 1 at ahighterrperature(eg 750C) a nethod in which

oxi des of Dy r xed and re ct t hem t oget her

ol ativel y 1 ouh e e wheicthe Sistihy TR Holsn e+ fyPrpsim
hydr of | Uorﬂﬁoﬁ&é ancas@ﬁqim %&cﬁﬂs%%ﬁ%%d%@'aﬂtdrﬁfh %V@éuﬁﬂldé Hardfus
conmpound in chl orides and the like to react them ereby obtaining a
pr eci pi t atis,useipthert aani prgsibiktyotitaai e dr Pdem {lid edmr fintdsphergreaatsd
further drying and roastl ng it. According tQ the arrangenent, the
evapor at i nithedle@s ap \foraarpre@u%@é IRFCtIoREON; tﬁreesw&ﬁeéberqﬂfo@ﬁektmg in

(yB1 001 b LR 05 Ok L WAL BAAoH I BB DDA, T
price is Ig&soraa%ggom@rb%ﬂ By iérﬁlagassg' rbf‘l\m CH, v/qaocrraémdag d’f%@ﬁx‘ al
v is made of Dy metal or Tb nmetal, the manufacturing cost of
per manent Gmcgnémgcmrelmrﬂepiemrmus 4dded Mo alloy, Ti added Mo alloy, and the
like}, Ca0, 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 Ithe 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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| f dysprosiumfluoride and terbiumfluoride are used in executing the
vacuum vapor processing, the nelting point of the Nd-rich phase
(phase containing Dy and/or Tb in the range of 5 - 80% |owers due to
pluralistic eutectic effect. As a result, the diffusion velocity of
the metallic atonms of Dy and/or Tb beconmes still greater. In other
words, at the tinme of diffusion into the grain boundary phase, a
conplicate eutectic such as Nd-F-O-Dy(Tb) and the like is nmade. In
this case, the eutectic point of the Nd-rich phase |lying near the
grain bounmdycmg mebhod,| therpeareassedsfa pbemeﬁlod 8y stheinh asxidenphulyd

Wﬂéhvfef‘ﬁcfa °L£%a|a%-fdo$v‘n?w¥wf tahS Rodrasop d\y%n% RrenY i e,
TaregEYap‘”?e%ﬂB{%e“?‘%iﬁ'@ PO R Mo i PP AN o DS SndF e o,

wor kabi | i t mixed #id ?éd%@dheﬁn%gﬁﬂher at a telativiilp lcﬁﬁ%&npéﬁatﬁx@@(@%’ aBQ(')'@)J ng
material v, there nay be used an alloy or a fluoride thereof which

cont ai ns aer 4 awdtmerhodah whichriydeoflaoric atidsis Mﬂed t0 ke 2q weys solwifed

Gysprosiuri B geAgs B cebomominilfdu and kb cagesch o, thorehy
cvapor a | R eyl N i o e

and by using, Ctric arc rnace an

obt ai ned afgthey RrARRd and FoRSEET BRI M ARr#@E &b Othd MNarkBRg %&Q@S&wg
chanmber 20. It nmay al'so be so arranged that dysprosiumfl uor| de or

t er bi um f | exapodding materidbrwn oani he glrmmicl axf tle ninthidnediaBe prodaats

al l oy thereof, and fluoride gontainin east one of Nd and Pr
may be sep %E@F’;}“Hﬁl‘ﬁ%’é‘gfd ﬁelictﬂ hB% %)l Wg %Wéfﬁi@ﬁszﬁ the process of
pr edet er m [ cu VacUuuR) vapor
processi ngﬁggg%&g%ggt[? h](r%tal %g%lmitﬁl g?%‘ (?ég ‘.Efn@? ﬁ Q]?zfc?c e ]%g{’ %y
and/ or Tb idingaRliaweill the MescOin GFRich Gaipbiaties ristetAe ey nhady oF Oyt he
crystalline nagnetic anisotropy, the strains and defects in the grain
boundary ametalepsllr exetaltbe atgnufaenunririg ¢oist) hethecpamranentimagmetoan bee
possessed.. In.addition, unlike Dy and/or Tbh, since Nd and the |ike
t akes the %"rﬂ A°¥r i entation in which magneti zation takes place in the
same ori ent[q\)tolagﬂ as Fe, the remanent flux density and maxi num ener gy
i

product beco gh. As a result, as conpared with the conventi onal

one, there canfliysp msmmqwuﬁlwaﬂa&efﬁlu@ﬂﬁ@adé had ubad lﬁfekbéutmggﬂﬁr
magnetic properties. Further, since the eutectic point of Nd-rich

phase is |vouned vdner mom‘smgoﬁhe meltog peméfdieibe, Ntil'mchilp‘lfaael(phase

velocity of . and/or be made sti he [ 00381

evapor at i n§f’ gLy @n‘%ﬁp fhe gange q’ée%s %ﬁ)e rera rdug tooPluFﬁ]éStlc
roup cons I :

% Eu élﬁ:&%tqg @ct’a‘ As% re%}lt Bﬁi Eﬁfu % 9@0011?{ of % n%;ﬁﬂ%to%opy

Nb Nd, Nl Dy RndRe, THbecdnbs still §Peat§l‘ Iﬁrﬁthénwoﬁls-, af%he Tne &f difftidtonV,
W Y, Yb Zn and Zr

into the grain boundary phase, a complicate eutectic such as Nd-F-O-Dy(Th)

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 Th,
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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(hereinafter referred to as "elenents A"), in place of Nd or Pr or an
all oy thereof, or a fluoride containing at |east one of Nd and Pr.
According to this arrangenent, at the tinme of diffusion into the
grai n boundary phase, the elenments of Al, Cu or Ga get penetrated
into the Nd-rich phase to thereby forma conplicated eutectic such as
Dy(Tb)-Nd(Pr)-Fe-A (Cu, Ga.) and the like. In this case, the eutectic
point of the Nd-rich phase Iying near the grain boundary is lower in
pol yt opi ¢ system as conpared with the eutectic point of the binary

system of Dy- Ha(this E£9e, adhthe ebapsratingemdidridlsi there ah@g beyusefl anhdloy
metal atons of Dy and/or Th becones still faster. 003%1 ) The
vacuum chattoeflueride $heyesvhigh wpetsins AblaashgnenohiNd and Frelindhisi cage,

3 i de of jal. that . i h "
Cvapor at | HICRATED! b oGt APRE R A Aok 57K Fid el 5 adgition 91
| S arr angageSfyspodi emeNGHAEE of[: E@rb%nﬁ:cﬂﬁfbﬁ{l&”% s Lhe B éoeggﬁ%raﬁiaﬁglhe

heating means 3 conprises: a thermal insulating materi’a

which is phateritdd & folmaldted la¢ et predetitidifacd ntivingha tioned bgwisirage.g.,
thereof; and an electric heater which is disposed on the inside of
t he ther nean elestiiaaranfumace anaallamm halkcformass ebtainednasd isoplaved mmlae.

By heating the box bpdy 2. by.t heati n ans, 3 reduced
p?/essur e, gl?rﬁgerﬁm’é’ées‘gipﬁ@l%’(‘?ﬁg%gﬁe PEOGESSE qry%egltte’ﬂay kﬁﬁé‘b&’ﬁ $he
box bod i+AS f € i

hont od_ SubETAREad s Bsle MoritaPtabART MOSIPEhER bels,
made of t hgramahuif foeinrNd@roPr ar per Aloe therdaf) natd M AGdide thetaining at

above-descri bed vacuum vapor processing apparatus 1. First of all,
si ntered niggtlerse Pfmdlde and Fecwmayabe esepprafebh dissiveed -ie $he irreckssinghod

are placed,on .t he bearin rid 21a of, the, box part 21, and dysprosium
fluoride a@%@?a%oqaﬁ%ﬁgem ivéﬁlg]"v't]fagmpl aced on the bottom
surface of mbgrit)ox part 21 (according to this, the sintered magnets S
and the evaporating material v are disposed at a distance from each

other in the By egeagingtithanshiarm Apor ArbcbsingVvicagrdifg b atle igbove, in
position the |lid part 22 on the open upper surface of the box part

21, the bosddibay tothe fast shatl Dnard/pr Sbds sepltaerstby Ok ofi grairpattidesitoby
the heatin ans 3 in.tjhe v um chanmber 12 (see FIG 2). Then

e oncn 1 e B gtk the Smis i R e acoihibo b Streds gaq otests
until it ry I 47 4 e : - 4. t

T ocessi e etath BRGERS i AE0aReE3P1ERbY & il hikhbr Hertivertbrde! i
hal f - di gi tbdp@Bedsetihaln hlditihgvalika Dy hhidop The simsé N shanthelike akds

heated by actuating the heating nmeans 3 when the vacuum chanber 12
has reachetiet Rpinposi¢atation nad vEriel swagnetization 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 Tb 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, 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, Ti, Tm, V, W, Y, Yb, Zn, and Zr
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[ 0041] When the tenperature in the processing chanber 20 has
reached the predeterm ned tenperature under reduced pressure, Dy

pl aced on the bottom surface of the processing chanber 20 is heated
to substantially the sane tenperature as the processing chanber 20,
and starts evaporation, and accordingly a vapor atnosphere is forned
i nside the processing chanber 20. Since the sintered nmagnets S and Dy
are di sposed at a distance fromeach other, when Dy starts
evaporation, nelted Dy will not be directly adhered to the sintered
magnet S wheseinaftef acferd- td ab “plhatmts 3\ Neint pldce DIQTd By Bt 6Fani slldyhe
Dy vapor atnosphere is supplied froma plurality of directions either
di rectly othesgofy epaaflnende sphtainingsat least ane of UNGldreliPro Atmerding to

oLt el ERgIch St SRR RS IPBLTLL Al bl S
boundary pﬁ%zglg N ?otfytﬁ, g@ugﬁr %2%@% H@H&Q‘Qﬁedwrftﬁzté © NWEigh se to

[ 0042] own in € evaporatl materral™ v Inthe

vapor at nogieledye firtn URRhpEehtb® dulbctiUsicdc 8s Ty (THE NI(PHFSAIMRIGS) S
so as to forma layer (thin film Li nmade of the evaporating materi al

v, the surdmttheofike.hdnpdvisrearenthaenpeetic pint of theeNdenel khideylying near
deteriorated (surface roughngess becorrias wor sened) as a resul

t. of
recryst al | {%aBTHR BIURIALY eApaifivedt Fh@olrtapis, syter) o fompage e‘@ﬁg the
adhered to qﬁmi e - C ] By er et 1S
In additi o%lftggt%ce evapo‘%fa??ér)lgblﬁg%}grss’gfef@ g%ﬁjrg‘gﬁ;bg? and 8%%%[},{ et&%on,

t he surf acdiffoionhelsvityt ¢fithd ni@ahetonss 6By aRdfor TBebeddarRE QI Rster.
substantially the same tenperature during processing gets nelted and

Dy will be [§R88Fsively diffused into the grains in a region RL near
t he surface of,_the sintered gnet, S. As result, the magnetjc
properties canhif vBEUWR %‘&mﬁ% }Silﬁﬁ}IBWélaao‘P’“?‘e%é\?@P@& megng 3} The
That is, : Lol i3l 0 R onat,i rj i

f or med on%&lﬁﬁ%@g Ig’fmt he SI(I’?I) e&r ggaf\r‘ra\égaﬁeﬁﬂg, H?%%%Eggellr%éte\{mltﬁ the

conposi t i odva@drithey utbaial voin tthe saniy aiLtheVBGNRL tHR Bek Gbdly 1Y ddeis
thin filmbecomes Dy-rich conposition. Once the conposition becones
Dy rich companged emas then¢lpspihe grameferempearfdhabex bodg?s Jie hewing

rface of the sintered magnet S gets nelted (i.e., e i ncj pal .
Eﬁase is n@fﬂﬁ%%%;ﬁ%m?ﬂée%nﬁg&ﬁ%ﬂgm%ﬁ%fan%ﬁla%é'rwﬁ&feﬁﬁe ke whigh is
[t, t i . . t i i
o et and Sy BIACE rNEHaY (e ¢ SUNCL SRR MG AT an

Dy excessigledtyicPRétebf a¥lich i Bt dspdtRdIhRithe iheidet dfefheMidingl! deARiting
anount of |iquid phase and thus the nmaxi num energy product and the

remanent finateridragid whishhhds 2 ifdlgmeneofdlyreake. pByheatingsheabex fhody Rer
| over ed. 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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[ 0044] According to this enbodi ment, dysprosiumfluoride in bulk
form (substantially spherical shape) having a small surface area per
unit volume (specific surface area) was di sposed on the bottom
surface of the processing chanber 20 in a ratio of 1 - 10% by wei ght
of the sintered magnet so as to reduce the anount of evaporation at a
constant tenperature. In addition, when the evaporating material v is
dysprosium fluoride, the tenperature in the processing chanber 20 was
set to a range of 800C - 1050C, preferably 900C - 1000C, by

control | i nthet pvoctszdig ohamban20B. AfMBIving moddted iA dosither eielli@ phakt
the processing chanber 20 (accordingly the heating tenperature of the
si ntered n#%pethspper uppensudaee)f thadoyeavk21,thefbodibotly S isplatedin a

atons of the ,evaparating..material adhered to the surface of the
o mterod HEGASTBRhE o, ParRsed S, PENIRE PeantBartidhs YeEuRD

thus i nposgd et anget@_ﬁ By 2peR thioh ¢ 4360 a00 RempgeReps! v

penetrated 1 nto the grain boundary phase e sinter nmagn

bef ore t hevdduuin thhibes 1265 eedetited MRt Ut fachedh et RERINIMIARELS
On the other hand, at the tenperature above 1050C, the vapor pressure

i ncreases @&l dhudOrhBalfther procesaing chamber (961 iscevanuated the prgseure
at nosphere gre excessi y..supplied to t surfgce of the.sintered
mgnet S, PSS eis ReltiititdiBes Bian e rbe) spidmecsrontioies Husmber
di ffused i56 Qs hB&A R} AStua H ﬁé’atﬁf‘q Hiefaﬁy%eﬂhbﬂtt el gu%ahlﬁ‘a%nbéﬂ“e
magneti zation intensity 1n the grains is greatly reduced and,

t her ef or e, 12 has p@ached the pesdptehiiddGiregst@et he remanent flux density
are further_ reduced. [00461 In order to diffuse Dy into the
grai n bound®0¢lphase before the thin filmnmade up of evaporating

mat eri al is rmed on the rface of the.sintered net S, t
o of & t ot el fheoba kgt i, she Mo eI A HA Rk 28 Nhecrsacnd the
the b . ¢ ¢ ) I

brea of 1 peredblétuinfd Rulglzabidl GRaL ol AR Brodlub O Ly (A, BT tiREC

bot t om surb@eemafurfdre dirthe aadediginphelititber220 ishegfedt 10 dublstartinlly tlnge
of 1 x 10-4 2 x 103. In aratio other than the range of 1 x 10-4 2 x

103, ther esame temperatmeras thet hrovessingnohember il and sterts evapwetioh,
Lhe sl nter ¢, mgnet, S,AN0 Lo B BeLaME. IRnEt SN A i
shoxe, descinigths 2004 bnb ABRaP o bk 1 P IBSOltl
i's nore préikeirllffom 260K Gther, 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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According to the above configuration, by |owering the vapor pressure
and al so by reducing the anmount of evaporation of the evaporating
material v, the anmount of supply of the evaporating material v to the
sintered magnet S is restrained. In addition, by heating the sintered
magnet S at a predeterm ned tenperature range while arranging the
average grain dianeter of the sintered magnet S within a
predeterm ned range, and al so by enpl oyi ng dysprosium fluoride as the
evaporating material v, the diffusion velocity becones higher. As a

resul t of materidlovéhabbesiisen adhemedido, and depesitachenDiheaswrfsca ahthse

fficiently diffused | ted into t i

boundary pHBEECOETHLar nd Bru daride SEBUrLHE BRI RIpAA R, and

material vagpkiedeNOths §Hr@B: bhehs Yiraka @Bgﬁ%ﬁs%% %@%e@ﬁ%%%ecfm&“d
). As ares ) ep

forms a thi I'm(see FIG 1). result er mnent nagne

can be presdsstattidlly vhe shriei ehtdoraguwendiirivey prdceasiagtdees edltedannld Dy
can be restrained from bej ng excessively diffused into the grain
boundary nedl be prcesgivelicdifyed frtosthetmaing insgregion RA nesir shensnrface oby
having a Dy-rich ase (a, phasg cont aini in.the range of 5 -
8059 Ut hieP BN SO RRPY b e Sy Gior BAGRRHC thyoBRHtgFs s be
nei ghbor ho . khﬁn L L grains, the magnetization
intensity %e(f cg rc”@ile6 %‘%%g@ég?e effectively inproved. In addition,

t here can H®0dB]ai ned a pernanent nmagnet Mthat requires no finishing

work and that is superior in productivity [0048] As shown in FIG
4, when the si'hhek sdonegyadhirsiiin medk efitlienevwaparaténg meateciehviig foxanddon

b i t ) d the lik ft hayi f act d.t.h
R4 SR R R A R S R
in the grai g, MdEhatSida RiaRet Baa?ggib}ﬁgg 188 thile A HaGtdf Rgf}?ch

sintered magnet, resulting in renmar eterioration int

magnet i ¢ pecapeusitias. (Gre fHeGondids)tion bevsausDy-Bichexagivsitih, the liquid
above-descri bed vacuum vapor processing, there will be fornmed a
Dy-ri ch phekaseotemprratursi lovegs andethy sureconf the syutzired megnetthegets

orace (oaRut Tie. ARkl el PRGN Shis e Qb LT Phese
above- dESC{gfcgfgem%ﬁ Yanat, rﬂﬁ%y% e;;‘llsﬂ%wft;@%ugfa% o RRYREARE eaoﬁagﬁgéggs

the Dy ric se an used only near the su

of the gra$hsmeltedr idédilapeye andfthasphé aBpaitiesB@i&isel s Iehdditing D3y
cutting a sintered nmagnet in bl ock shape, after having executed the
above- descexcpesiveladenairasgronte the sxaing gogetkerowithid large iampust of figuisd

e T A
deteri orat &&ﬁg@@@%ﬁgé%ﬁﬁﬁggrﬁﬁﬁelﬂr%w‘%el%d's! nt ered magnet of

bl ock shape imensions is cut into a plurality
of thin pidoed4]the thin pieces are then contained as they are by

di sposing in position inside the processing chanber; and they are

t hen subj ect edAeasrding apothds dernbedipemty alyaprosiapofluprideedsiingk form s
possi bl e, for ex le, .to performat,a shorter tinme the puttjng and
Poking ¢ hesSPaiaa PNy degBeh] e Hawint 4 Soel S B iyt Rebvas:
Al so, the t ' 0 '

Vapor pr ocoRENaG ok #EED AL ARERH! bR PR KSRGS RS
requi red. &pnsieaueiin W, ragionefgh ~prosd betweichy of thie Siatatedamagiet $0048]

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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Cobalt (Co) has been added to the neodym um nagnet of the prior art
because a neasure to prevent corrosion of the magnet is required.
However, according to the present invention, since Dy-rich phase
havi ng extrenely hi gher corrosion resistance and at nospheric
corrosion resistance as conpared with Nd exists on the inside of
cracks of grains near the surface of the sintered magnet and in the
grai n boundary phase, is possible to obtain a pernanent magnet

havi ng extrene y hi g%mcorrom on resi stance and at nospheric corrosion
resi st ance Wit Reratyre pnr theec paegessing: chamabey 20 Erccendinglyi thy

o st boun aaﬁlyt%ﬁer@%éﬁr%wh%%ﬁ R e TR B BODT b "
Dy(Tb) ar eoffaiffhéish o2y &iogdd daﬂ/th@lefviaﬂmxng{ﬁ%&ial v ad}Férealtb Yhe é‘uﬁﬁf&ég

havi ng executed the above-descri bed processing for a predeterm ne
period of ofitie sieteged rlagnetdS hotor the, gidive bopadaty phasef ist ketatdedt | byis
nmeans 3 is_stopped, Ar gas of 10 KPa is introduced_into_the

pr ocessi ngthé’ﬁdmj%q%@ée 2y r%ﬁ]&h the &% atoms dabe; ‘ilﬂéf%@lr@d( hemogeneously

hnd-the t orenerbER 6 ity %%ﬁwgv% B St magn BebRat,
e.g., 500GhifeMhni iSYOMSEY oh RRe BEARENSF g{ﬁﬁﬁéd g}eest U LeheRher RIAHN

and t he tenperature in the processing c O1Is set to a range of
450C - 65043 thertdmipeas ture @hbve d050°¢}, thempdmebMeahnmasss and thes the
per manent magnets is executed to further inprove or recover the
coerci ve f‘iﬂsé’éomﬁnnmldet Hlgudese 41 | the B%ﬂfbé?mﬁpheéerw GK%ﬁSé’U@b’ed

subst anti tq ro eratuwre and the box 2 n_out of
The-vacuuri Ul 9 SETRE, Pt YA SRt Sl Bhoke Adiind Raddhe
i nventi on, pRsHESG! thak Wwbaﬁl Regitued $n@fthe krENAP Sﬁohﬂl PYibediffused
dysprosium fluoride is used as the evaporating material v. However,

Wi thin a heht thyggtanpehetmagnetiasgon mtersigeinothedf@the islHQAtly reflu¢dde

sintered magnet S that, can accelerate the diffusion velocity, terbium

fluoride t#0h therefers. the maxsmun eneigypreanctand thegrenmrnentsfix density

all oy may be S so arranged that an evaporating material v
6 rehuiR

are . P .
in bulk forma a small specific surface area was used in

order to rg@agg]the anount of evaporation at a certain tenperature.
However, without being limted thereto, it may be so arranged that a
pan havi ng a r doemder te kiffiese Bycints she grdindoundary phasedefons ithe thine
box part to contaln in the pan the evap oratlng material v in
granul ar f B} EbcﬂpkOf svmorﬁﬁé@ewteré@umlﬁgform spedhe jsurfagefofcthe
area. In

1 kb ench X, AR BRI e PO oS ek,
be nount eddisposed 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
102 ~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 1073 to 1 x 103, and the above-described ratio of 1 x 10-2 to 1
% 10? is more preferable.

[0047]

According to the above configuration, by lowering the vapor pressure
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(00521 I n the enbodi nent of, the present invention, a description
has been made of an exanple in which the sintered magnet S and the
evaporating material v were disposed in the processing chanber 20.
However, in order to enable to heat the sintered magnet S and the
evaporating material v at different tenperatures, an evaporating
chanber (another processing chanber, not illustrated) nay be provided
i nsi de the vacuum chanber 12, aside fromthe processi ng chanber 20,
and anot her heating nmeans may be provided for heating the evaporating
chanber . Afrncealshdw redueingpibreairdunthef evappritiin sftheadivapbedtivg hiigérsl

t he evaporatjng chanber, the evaporating material v in the vapor

at nospher &% fihg 2pwunt of fupeiytal the exenrnling materiad vdp the sinterasgnegnet

whi ch commnPeEnn o T8ceitfity Ao neans e At doa prgt o
chanber t q0RHBREmih&0 SBnperattid trﬁhgﬁcﬁﬁﬂe hﬂaﬁ%ﬁﬂ} E%gn%\gra%st%gﬁ

mat eri al I's dysprosiumTluoride, e evaporati

heat ed at diammtgeodthe/Sidtered bt twishincapesditeriined wMmigé08hd aldter e
cannot reach a vapor pressure at which the evaporating material v can
be suppl i ey tenplepingy dysprossimt Haoridat a9 ehengyaparaingo matariabyv, cthe be

di ff d h cgted into th j n_boynd s :
On the- ot HUFRG VERL b BHE Cuglter atind: FRTFI Gl e AP EFRRAD
fluoride, d/ghiR¥@PQfRkisNY tfié‘a 288 PRaReeC dofiRichtyANaffREd 900 -

1150C. At a tenperature bel ow 900C, there cannot reach a vapor

pressur e ahormbgerieotsiy parapeatadiingo thé eirhtl bvutdarybphssepof tled sirtetdde
surface of the sintered magnet S. On the other hand, at a tenperature
above 1150@28M gdebraithe ¢¥aporasing materiplai gefs depositakon hke paxacrioh

t. d,th t, fl it i be, | d. 10054
erorcy progict o, e Lotener Ly Semb oo olered [0
sintered neﬁt%ggﬁ% WY c28 YeOfrebBnied Hbk Hél%giokgﬁﬂ%togﬁ%}g{ Qq ace

boundary ase, It may be so arranged that the vacuum tha I'S

reduced t othergofedad ddyricar hepressrined Gng beink sxckekiPely diffuetdintothe
evacuating nmeans 11 and that the processing chanber 20 is reduced to

a pressur egneen poungdary neaw thmapurfpemef thepivered; megpeby Inabis arapiner,
Lhan the BESRRS 4 BLAS DLaEETEpRg,chatbes 200 BBl lerees o)
7, 50 e SN0 B S RIS
for a predgiessuifaredfphe igpgingf thd AMAgnetization 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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100551 On the other hand, the follow ng arrangenent nmay be made,
i.e., a plasma generating apparatus (not illustrated) of a known
construction for generating Ar or He plasnma inside the vacuum chanber
12 is provided and, prior to the processing inside the vacuum chanber
12, there may be executed a prelimnary 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 sane
processi ng chanber 20, a known conveyor robot may be di sposed in the

vacuum chas®yl whéreldnthd Aaghbtlzaadd irdensiey ahe BB NLRréd iR chied.

vacuum chanber 12 after the cl eani ng has been conpl eted. 100561
Furt her i nOahéhendtbér mband,ofbyt I@ee(prta@rtﬁlel abevd-deseribad deacuumpt ivapoihas

been nmade of an exaﬂpl e jr'l,hOWI’]I e box body 2 was_constituted b
mount i ng tIECESSing dhe grain, s¢ hap fhe Dyrrigh ehpsx apd further Dy

Hovever . | £ N ABLOPSIS) e ashafabsﬁrf&Qe o hAORANEE (TRMRIE YOG IR

chanber can e re ced 1'n pressure actonpani

reducti on lbdirnishﬁ:n‘ﬁ aﬁalgﬁetqb aphghed By cluttmg aNRhtReg aSSateY ih BldckiHapk 0
t he above ‘exa For exanple, after having housed the sintered

magnet S iaffer nﬁhﬂngcmcepaned the, aldve deppébedopaniung viaper eodcessipghimto a
covered by a foil make.. On the other hand, it may be so

const r uct cRFUEHAEY ?’ﬁ%h“rﬁdo%gé?l?@sc%wsﬁ % HArS Buter #tht(bﬁl like ap gsed

in the vacu a tal ned at a predete
pressure |%§gpsgﬁ@n2$ cﬂ;a e(%lc Bgﬁgﬁb@lﬁ R?'mﬁ‘%?fnagneg Hﬂﬁgﬁf’
sintered n@gBAbrated! hﬁs %Gﬁbh?éd w&ht DeaRBUMhich] a Qﬁ%@?é& ﬁﬁ@ﬁ&”&f bl&éke

| arger becones the velocity of diffusion of Dy and/or Tb Tnto

grai n partshdpe phese piietefmined dheemsigmgens cmotiwnd ofplttuditsi nﬁ ehxml
magnet S itself may be bel ow 300({1 ppm preferably bel ow 2000 ppm . and
most pr ef el?lﬁ‘éﬁsy Bha] WlBW@e‘bW 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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[ 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. 1Cu- bal . Fe, the oxygen content of the sintered nagnet S
itself was 1500 ppm the average grain size was 5 um 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 with
acetone. [0059] By using the above-described vacuum vapor

pr ocessi ngmatglatamsof Dy (Ebparernfantdrer effcjestly Mffvwedobt ai ned by t he
above-descr*ﬁsg vacuum vapor processing. In this case, a box body 2
of M make Lg t he di nensions of 50 x 150 x 60 nm was used, and 60

si ntered magnes i e t.he bearin rind ;21la at .an equal
di st ance frome%%eaﬁghg?%é%g‘ﬁgét%‘éaggi\:/egpgl?eag%f%ﬂ‘ée % hedi pfﬁceiﬁﬁgdﬁﬁrﬁs
in total a{:’(ﬂéﬂ@ierﬁﬁn@&’%rﬂﬁi 'émtiﬂlél%ggd.,e 1( 9979 %outBN uhaCoptratioRYo Vo
Junyaku K. K. ) or terbiumfluoride (99.5% mnufactured by Wako
Junyaku K. kedtingemeeares Bett istadpeddifspeasdofod(t KPabixt iwirvduwreidadetoothd he
processi ng chanber ﬁo. [0060131“ Then, by _actuating Ehe evacuating
means, thePTPSRINAE chamber Afathignel & gavdeaodveipg aaeante (nay lugtratedda
(the pressure inside e processin hanher s_about x,10-3 Pa).
The heat  ni RORRLPSEE RS SPAPRE ReqRata o dRReft 2tie 0nd remhealin,
means 3 vef, @RiploeeEntchdmbas 20 id enQVRRRTEd kG FBEEHIE! Fot&iSuously
dysprosium fluoride (Exanple la), and to 1000C in case the

evapor at i nthenhtsnnglmeana 8 tseadinatad bneer hg®in( &nd bk etehiperatineeint tiee
processi ng chanber 20 reached t he above-descrjbed tenperature, the

above- descPioBRWIRNEHIMRAAPEP Br sledlimgange Exdelied f90°G 1adr heal
rour s o AEe AR RO B R PR Brae A A GE Th
Cose e RS et e esestind ToRSOC B b gl
machi ned bghamsberg2Gisvapidlyuiobled substhintidlyi wnsoaf tekperat (@i snd the Boxm
body 2 1s 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 flucride 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 is disposed inside the box part 21 to contain
in the pan the evaporating material v in granular form or bulk form,
thereby reducing the specific surface area. In addition, after having placed

the evaporating material v in the pan, a lid {not illustrated) having a

plurality of openings may be mounted.
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(00611 FIGS. 5 and 6 are tables show ng average val ues of
magnetic properties when pernmanent nagnets were obtained according to
the above by using Dy of 99.9%purity in bulk formas the evaporating
mat erial (Conparative Exanple la) and by using Tb of 99.9%purity in
bulk formas the evaporating material (Conparative Exanple Ib), in
conparison wth average val ues of nagnetic properties when pernmanent
magnets were obtai ned by the vacuum vapor processing under the sane
conditions as ip the above Exanple |la and Exanple | b. According to

t hese tabld§p52E the case of the evaporating material containing

th ' ' he, Co ti le |a,. .he ti f..

pr oCessi ng bodBnEk® FongEimeth o HBE Repwstipdentintc b BecHP AR AN
the ti ' ; ; ' | f

about 24 KB20C Ph A eFEIBREIE it gl IRV Rer EPREL he RRESATR

that the coataiatey vere dispoeyd® i fhk Proceesing bhambes 20N Hoevex 6a Wird&g
about 10 hours of vacuum evaporating processing (see FIG 5). [0062]
On t he ot hierenabiel to iheat hhe sinferest maguetSagiut the eanraatinganatesid & afi ng

Th, it can,. en in the Conparative ampl.e | b that the | onger.
ocomes. RS PR kE Ry A, SYAPGEEUE nERemher Asqher, GUBssing o

' f . ' | . agth
coar ot ve 1 HeiBbor BED MARAAR 4y bO'TREAREA it g Yackfinr EhlIHES 12 N

that, in thaddEbaiplthe lpPoceesing dhantheac20,idi@ dfethvAGiedtingainedins may be
processing for only about 10 hours, the coercive force of above 28
kOe was obprevited forcheating thy. evapdrfiting chambehe Affew daving ewspdreteseen
that the tjme for processi
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as to havesifityrbdeeagey3hsids $he bravebany tRSmPEY 20 tRAsight YA MRt NY
i sopr opyl al cohol .
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

23



[ 0064] Then, by using the above-descrihed vacuum vapor processing

apparatus 1, permanent nmagnets M were obtai ned by the above-descri bed

vacuum vapor processing. In this case, as a box body 2 there was used

one made of M havi ng di nensions of 200)< 170 x 60 mm 120 sintered

magnets S were di sposed on the bearing grid 2la at an equal distance

bet ween one another. Further, as the evaporating material v, DyF3

(99.5% manufactured by Wako Junyaku K K.) or TbF3 (99.5%

manuf act ured by Wako Junyaku K K.) and NdF3 was forrmulated in a

pr edet er i gigtersd hagnatd® befordDpyuadhl Tuiskdittussd dhtoaddeuraln byinmagie. )

were obtained in an arc nelting furnace and 200 g in total anount

wer e di sposkaseoit TR hrose emangetdbat she vrenpnheshargl Z imngshiced o a

Al so, as the.,evaporating material, v, L F3 or .50TbF3, and 50Pr F3

vere for miPEERPTITne], RreRsuLe ?eb%'d 15 }P%ﬁrﬁﬁm h the) eXACuRTng MeansoHm

of about i . J i t Q-4
Lokt ﬁx&px"&%&@sn?gfcﬁhﬂ?g{ %qu 208u&d 3 &@h su éng 5\[,\%(}25]

di sposed on the bott'om surface o e processing anber

Then, by aki)uhigheg substsitidliaby talf@iaitsthdnhehe/ pesstre harthe progsssRice
reduced in pressure to 1 x 10 Pa (the pressure inside the processing
chanber weghaxlnart 28, thepagtepamaintagningathe pressvpes fourae nyedeteemined

rocessi ng ch . 20 he heat.i ng neans s set to 850C in case
'Ito he evapor r?‘%gﬁéfné’ri % %@ﬁtt%i??rel?f %ﬁﬁgﬁngﬁgﬁé‘t‘?ﬁ)’Pe%ﬂ%gt gﬂ%@ in
th i ‘gt i t aj 3
r ocese noto iy BrbAguEl Hadber 20! HaTle Mated E7UI 180G, HMGEASS

above- desciahftdiniag it for \wapedeterainsd padodvabtimeecut ed for 10 hours.
Thereafter, heat treatnment for renoving the strains in the permanent

magnet s wad 08%Blut ed. 1 n this case, the processing tenperature was
o oot "C e SHe RS St o e mene By 8 T, '
di mensi On%ﬁém@g/éﬂéﬁ%ﬂ%%p@aﬁ%@”@ot iR ?cglted) gf Bl BRowd c%ﬂgtgﬁcﬁ&? é‘o:;[

tabl es sh ng averag es magne properties when permnmanen

nmagnet s wegehedhiing Aabrade Pleing ihdé blee aR@Men bliakibenJ 2By pi®tidéd ahd,Th
metal as the evaporating material v and, when the above-described
t enper at ureritmdo bden preceshiad, indide dhovwacinsn r ¢hasabera d@urbhergpanay be

205573 BT R Sl RS o
Cxarpl o ZiyaGREP pUGR LS e AREASPIL SR E DRy

nmaterial vmaestifli 0i 8% tdhgfosed by tREWARA drbiéesimgasid bR, 20CaMéiodtn Ve
Exanpl e 2b), the | onger becones the tinme of vacuum vapor processing,
t he hi gherconeepmmewbohmazoke dispesddircthe vitmm oeambenhd, awd the id phde.

On the ot hfﬁ 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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hand, in Exanple 2a, in case the evaporating material v was an all oy
of DyF3 and NdF3, even if the alloy was fornulated by mxing Nd in a
rati o of 99% by wei ght, the coercive force becane above 26 kOe, which
is higher than the coercive force of the Conparative Exanpl es 2a, 2b,
t her eby obtai ni ng permanent nmagnets 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 kCe was

obtai ned (see FIG_ 7). [0061 On the other hand, also in the case
of the evapibentiangd meyubalsmwmuntedgthab tb@@msamg\ﬂélamrﬂoecmbe

E‘?Z‘égé?f R A SRS B AT B SSSRY
ovaporat i bt *‘9?%%“‘%?&?%%29%%’% 899%@%@535‘3‘%&%3%2»% 't Nd vas

fornul at ed [jgp58)m xing ratio of 10 - 99% by wei ght, the coercive

force became above 32 kOe, resulting in higher coercive forces than
those in ConpaAatth@/enE&mdvnegneztaS the smtilarabyhe amoant béoxegen dohtant,

LTS G R i A S5
@2927%%&%@8’%& BRI 50BN bl DRGERTPRNPS
magnet S |it§arfmu@sbelmx@pmoa RnaY prfembly Helowi Z600\aHnd, BAY AREL
whi ch was fabricated into a shape of 40)< 10 x 4 (thick) mm In this

case, the paférably bélowh)08ipimer ed nagnet S was roughly finished so as

to have a s hness of bel ow 50 pm and was thereafter
subj ected t ﬁ%ﬁ@ﬁﬂéﬁﬁgetching with nitric acid. [0069]

[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 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
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 2la 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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Then, by using the above-descri bed vacuum vapor processing apparatus
1, permanent nmagnets M were obtained by the above-descri bed vacuum
vapor processing. In this case, as the box body 21, there was used
one of Mo-Y nake having the dinensions of 200 x 170 x 60 mm and 60
sintered magnets S were di sposed on the bearing grid 21a at an equal
di stance fromone another. As the evaporating material v, dysprosium
fluoride (99.5% nmanufactured by Wako Junyaku K. K. ) or terbium
fluoride (99.5% nanufactured by Wako Junyaku K K. ) and el enents A

al l oy were weibthed bo antiedirenthd bvgcwettingOMeRfs,0the00adfGn chachlbd Avas

alloy. An alloy (abput 1 ram of bulk formwas thus opfained in an
ol ect 1o aPMCerRASRb m RECTRRES &F dpb &t éﬁh (heeprssrurarinsider theepiopessing

processi ng er 20 j 0 r t otra)| ) 0] Then,
by actuati %}% e e“\r/aglscudg’{a Fﬁggngaggé ?%)e vgglﬁu%ggﬁgk‘ogélg%rg%gﬁecé)f H’e
reduced i npReessHy ChaMbdr 2019 the KdaltmgPmeasd!Bevddsdtds d508CRh Q4SS thdd
chanber was about 5 x 10-3 Pa). The heating tenperature of the
processi ngevapandteng 20atariglhe weaat dysprosians Bonste {Bxampl83@f andctse
t he evaporati ng material v contained dysprosiumfl uoride _éEry%arrpl e
3a), and tB0boln sapecthseevanoralyngsnatierisy vnwas tpeugp Hypride \Bgample

terbiumfluarid l e 3Db).. ce_the psocessin hambher 20 reached
the above- Hoscr OpE R Brotptiind Fahler VA0 CEORhAP 0 ARln e ifed
processi notepmseraiaeUtitdab e -dddchBEd Sabiurh Mapos pAlcBssidp Wt ahbelted ToAt
treatnment for renmoving the strains in the pernmanent nagnets was
execut ed. 1houhi H) bases, or HS howrsessipactivanp P ladrenfiends as dredtmend @6
and the processi nghéi me. was set to 60 mnutes. Then, the product thus
obt ai ned vESINGYARS PR &EIBINS Y e RerRanent Magnets Wagiereapdnsinbhis gasan
(dia.) x 5 Fl a 1 o8 tables show.ng .average
val ues of tfm lé)t% ?scos% (t);%%lpfnl‘aet? %1“9 aﬁe‘%ﬁ”ﬁ:ﬂg?\@% Ih&e)#lge Pﬁ%‘ieswget%ﬁt‘g ed
in the aboyf-tdeochitifds EXBRA, 8hd pro@e@tthas oWtdiled RRsIMEEAHAE] B UsBS;
(Conpar ati ve Exanpl es 3a,

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

fooe61]

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 1a, on the
other hand, 1t 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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3b) of the magnetic properties of the permanent magpets obtained, in
a simlar manner as in Exanple 3, without fornulating the elenents A
According to these tables, the followi ng can be seen, i.e., that
whil e the coercive force was about 24 kGe in Conparative Exanple 3a,

t here was obtai ned coercive forces above 26.4 kCe and, dependi ng on
the conditions, even above 28 kCe by conbining the elenents Ato the
dysprosium fluoride as the evaporating material v. The coercive force
can thus be seen to have further inproved (see FIG 9). [0072] On
t he other HH062)while the coercive force was about 28 kCe in
Conparative Exanple 3b, it was possible to obtain a coercive force of
above 29. 4 k0e0natha Oéb%haﬂéd@r evease of dhe @Vawat@@p@n@ﬁrmj egntaining

o apor at 1 naPecaR 48 Sk RN fampaS R RebEiple TRUbEERDI4nEEr Deruneias
further i nyoyed-fof Wxﬁ FvafH)r {aﬂﬁ@é’shn% the 'H? @eﬁ thé B@Jr%(mcg.sid

the sanme Nd-Fe-B based sintered nagnhel as |

however, tWdea Mrstinretbrop@cessing wels §dﬂetool<8'®©ﬁrg;cﬂhb&mbr@fze fhee was
Si ntered magnet S itsel f was 1500 ppm the average grain size was 5

pm and malzqntv%sk@abr Paatheothar babovicashbgeeas thied, i tiee Example Abck)

Tar atus Gy I Pdchiine B8 S ae TR Vapor drucodiE oF ol Riat Tihfds, e
(99.5% fa6d wied oP¥bd¥ikos a}way@gyom%st& Fa %hahddgffﬁng BR% the
anp

manuf actured I n the same manner as In e 1, "and vac vapor
processi ngabuwve, ftxaaubedeem tleat thectisianfor cpecmdsémgnse ashé diffosidipkignelof | n
t his case, the rocessing tinme after the heating tenperature in the
processi ngD¥Ie% nge shartened- 000C was nmade to be 12 hours. Further,
as the box M%gfre was used one of M nmake havi ng di nensions of
200 x 170 ( 30 sintered magnets S were di sposed on the
bearing grighpggfa at an equal distance to one another.

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 um,
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, DyFi (99.5%,
manufactured by Wako Junyaku K.X.) or TbFs (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,

50DyFs or 50TbF;, and 50PrF; were formulated in the described mixing
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[ 0074] Then heat treatnent was executed to renove the strains in
t he permanent magnets. 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 obtai ned were
cut into the thickness of 1 mmin a direction perpendicular to the
magnetic alignnment direction, thereby manufacturing pernmanent nmagnets
of 1 mmthick. [0075] FIG 11 is a table show ng average val ues
of magnetic properties of the permanent magnet pieces obtained in the
above Exanifite- 4 Allpystoh dulkifern of abeutel aya (dig. Lwsreopbisinedrand @00 in

properties

f, the sintered magnets i,n bl ock for Conpar ati ve, EXx |l e
oy Tt b oRBALATO YR BeR FHepPore i the Retord Stiratk S BRerswne peamber
sintered npgnet to the vacuum vapor processing (Conparative Exanple
4b), and permanent nmagnet in block formthat was subjected to vacuum
vapor procd<96ay (Conparative Exanple 4c). According to this table it
can be seen that, by executi n%acuum vapor processing, the coercive

force further Themoweacading

eydcuakiong Mmenrns,silisseepravm (chamber ware
coercive force did pot | ower, and coergive force .of, 18.2
Do ned. 056 eugsd 8 prtatuke of 1x J0RER, bt Srentyzaneide the,

kCe was
REOCESSING 5

schemat i BhAtary da"bioﬁw of xalere»o?a).Se%‘boﬂegﬁngh@gﬁgﬂxfeg%g%”et

manuf actured 1 n accordance with this 1 nvention;

schemati ¢ picevsstig thembac B0 Byihe dR\SinF0m 8NRAS AdiSsdt @b S50eC 4h icAge tHe

processing of this invention;

evaporating material contained DyF; (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 Tb 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 2c), 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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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 show ng deterioration of the surface of
the sintered magnet caused by nmachining, and FIG 4 (b) is an

expl anatory view showi ng the surface condition of a pernmanent nagnet
manuf actured in accordance with this invention; FIG 5is a table
showi ng average val ues of magnetic properties of the permnent magnet
manuf actured in accordance with Exanple |a; FIG 6 is a table

showi ng aviedradjeinvEBkagploR2aragrate chprevppstatay Alatéfisl pewannanillspenet
manuf actured_i n accordance with Exanple |Db; FIG 7 is a table

showi ng aveyByend Ndis eyen ibhtheealley waeé@mml@@d)by MI%NmtaMQﬁet
TRt actUr g, SECLINNE A, BAILE 22 s 5 B0 bk
manuf act urgfl ;i RhACEREAIICRLY (F R T #tive Examples 2a, 2b, thereby
obtaining permanent magnets of high magnetic properties. In addition, in
case the evaporating material was an alloy of DyFs and PrFs, it can be seen
that a high coercive force of 27.5 kOe was obtained (see FIG. 7).
[0067])

On the other hand, also in the case of the evaporating material
containing Th (Comparative Example 2¢c, Comparative Example 2d), the
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 TbF3; and
NdFs3, even if Nd was formulated in a mixing ratio of 10 ~ 99% by weight,
the coercive force became above 32 kOe, 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 um, 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 pm, and was thereafter subjected to
chemical etching with nitric acid,

[0069]

Then, by using the above-described vacuum wvapor processing
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FIG 9 is a table show ng average val ues of nagnetic properties of
t he permanent magnet manufactured in accordance with Exanple 3a;
FIG 10 is a table show ng average val ues of nagnetic properties of
t he permanent magnet nanufactured in accordance with Exanpl e 3b; and
FIG 11 is a table show ng average val ues of magnetic properties of
t he permanent magnet manufactured in accordance wi th Exanple 4.
[ Description of Reference Nunerals and Characters) [0077] lvacuum
T BT O AT L Bt A nent maguets M wore abtarnod by the above-described
vacuum vapor processing. In this case, as the box body 21, there was used
one of Mo-Y make having the dimensions of 200 x 170 x 60 mm, and 60
sintered magnets S were disposed on the bearing grid 21a at an equal
distance from one another. As the evaporating material v, dysprosium
fluoride (99.5%, manufactured by Wako Junyaku K. K.} or terbium fluoride
(99.5%, manufactured by Wako Junyaku K.K.) and elements A alloy were
weighed to make an alloy of 90DyF; or 90TbFs, and 10A alloy. An alloy
(about 1 mm) of bulk form was thus 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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21box part 22lid part 20processing chanber 3heating nmeans sintered
magnet M per nanent magnet evaporating material WHAT IS CLAIMED | S:

3b) of the magnetic properties of the permanent magnets obtained, in a
similar manner as in Example 3, without formulating the elements A.
According to these tables, the following can be seen, ie., that while the
coercive force was about 24 kOe in Comparative Example 3a, there was
obtained coercive forces above 26.4 kOe and, depending on the conditions,
even above 28 kOe by combining the elements A to the dysprosium fluoride
as the evaporating material v. The coercive force can thus be seen to have
further improved (see FIG. 9).
[0072]

On the other hand, while the coercive force was about 28 kOe 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 nm, and which was fabricated into block shape of
10 x 10 x 10 {thick) mm. Then, by using the above-described vacuum vapor
processing apparatus 1, and as the evaporating material v there was used
DyF; (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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1. A nmethod of manufacturing a permanent nmagnet, conprising: heating
to a predeterm ned tenperature an iron-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, the sintered nagnet and the evaporating material being

di sposed at a di stance from each ot her; causi ng the evaporating
mat eri al that has been evaporated to get adhered to a surface of the
si ntered magnet by adjusting an amount of supply of the evaporating
mat eri al t @14 heahegualdistariceds oné ambehesi nt er ed magnet; and

di ffusing netal atons of at |east one of Dy and Tb of the adhered
evaporating(ﬁﬁﬁérial into grain particle phase of the sintered nagnet

in a manner fr fromformation of a thin,filmof the evapaqratin
material.  Thon' ReRt REAARGERLIVS RHEREH: FhgeREr B S RRgRethe
accordi ng | r et a ' Lt erd t

conpr i ses et haghbRL SR BIECRETRAE Frhidoll Hora el VEE cet 4o
The met hodsslGand the prsdeBging thee WaiRaRt t6B0REInA6S O Thdigatter, blyaisihg
or 2, wherein the evaporating material further conprises at |east one
mat eri al oh wire cyteuptheopsidsrctsghes oltainesyweB; cBh inBetheCthicknessef 1o,
C, GCs, Cu, Dy, Er,,.Eu,. Fe, 2, ,d , H, Ho, In, F, La, h{, Lu,
My, M, NolMain & dijggtioR; berpengigulas, to fhe’ magggticspligrment fireghiony,
Tb, Tm Ti theYeb%aYrqu&uri;n’ Ahreht ma&netséf‘l i tARkhod of

manuf acturi ng & per manent gnet according to any one of clains 1

t hrough 3, [oo7sfler conprising executing increasing or decreasing an

anount of evaporation at a constant tenperature by varying
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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a specific surface area of the evaporating material to be disposed in,
t he processing chanber, thereby adjusting an amount of supply of the
evaporat ed evaporating material to the surface of the sintered

magnet . 5. The method of manufacturing a pernanent nagnet
according to any one of clainms 1 through 3 and 4, further conpri sing:
prior to the filmform ng step, disposing the sintered magnet in the
processi ng chanber; and thereafter reducing the pressure in the
processi ng chanber to a predeterm ned pressure and keeping the
pressur e tbierthat sintered6 magretreddwed oF mmrhidapurdady FiChedméipend an
magnet according to claimb5, further conprising, after having reduced
the pressuf¥lppatone Yewcekowing theaseipce gondisiopr efiet permarentpmagsat e,

W
heati ng the pracessi chanber ta,.a predeterm.ned tenperature and
keepi ng thglaglggﬁ)cz}lﬁet a“t"ﬂ%&)"’é‘ﬁ?mthﬂ%?.mml%t hod of nanufacturing a
per manent nmagn a i f i : : r
conpri si ng, priFE)g' tgggt'él ﬁt’gﬂ% %}%@ggnﬁq’ﬁg@%ﬁé&%{‘@%Pgré#%gﬁ?#g&s%?‘%?g%%

t he sint er pekmi@mgigtmbyngtl manafactureddn attedarédwithdExamplef Bt uri ng a
per manent magnet according to any one of clains 1 through 7, further
conprising, af¥FEq Gay Firfgb% shaysag averagesranesebraenatio propergieaioh the

boundary phase

B P b R R 5h TRAS s RS PP O o o
e et eAPENG, e g TR RS s
conpri si ngpedhisynthaxgmeg dhhhisstdedtinlieastantewith Eyardplt Zh into the
grai n boundary phase of the sintered magnet, cutting the sintered
magnet into a EE@d%ti%ﬂrﬁahbnslmwi@we@sagenvwlueﬁ pEmaigoatip propardics of dhe t o
the magnet i:grn%!uil rrrggéne inrngﬁﬁ%a%{]dred 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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10. A permanent magnet having an iron-boron-rare earth based sintered
magnet, the permanent magnet being characterized in: that the
sintered magnet is disposed in a processing chanber and is heated to
a predeterm ned tenperature; that an evaporating naterial nade of a
fluoride containing at | east one of Dy and Tb and di sposed at a

di stance fromthe sintered nagnet in a sane or in another processing
chanber is caused to be evaporated; that the evaporated material is

caused tovwgAgdleCcediMEP Isurface of the sintered nagnet by adjusting
an anount of supply of the evaporating material to the heated surface

of the sinterdd dagetiqd dndanhfacturengb parousent naignkg astopoiséngf Dy
and Tb of the_ adhered evaporating material are caused to be diffused
into grain botRAHPS fhdsPrefeteraingd, temparatygs An | Honbaxanmares pargh
fromfor L ; t.hi l 4 ; X | terial. 11.
The per rrarr%é%\‘?psr%g%enl‘gtd Ig%%%)%tdql%ostg Ecl) légilﬁy%gﬁ{%%%%@t he evaporating

mat eri al furt esparasipg sesvapdratiog Wataaltamiimgngta 8aSle ehetadhinid
and Pr. 12. The pernmanent nmagnet according to claim 11, wherein
t he evaporhi¢asy oneeéDyandt Shpthiesunteared meamiet and tharrapalatio mhterigloup

consi sting of Agq, B .Ba Be, C ,..Ce, Co, O, GCs, Cu, Dy, Fr,
Eu, Fe, Gg,eméa‘ﬁlslé%s,egﬁrt,d %?df}cﬁ,%‘q%,eai%?“ﬁl: Lu, My, M. M, Na, Nb,
Nd, N, P, PdeaffingRhe Svapttatily matbria! tha hald atdd tY)

Y, Yb, Zn, angaZrl?g elB.a]%%g lplegr rranelrllt rnalgneta al?:ece-gl:)g?;%%&tagédar% %e\r?le

of cl ai s alBetedr tughsdHFace bérthet@ntered maghdtaby afjtstindawn agodintfafsed
at | east one of and Tb into the 1grai n boundary phase of the
sintered SEEPETOL the e¥pperaing mageadl e thathgated sarisee fdthensintryed
t hi cknessd&n%t;dil{fcti on perpendi cular to the magnetic alignnent
di rection.

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

evaporating material into grain particle phase of the sintered magnet in a

manner free from formation of a thin film of the evaporating material.

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, Sh, Si, Sm, Sn, Sy, Ta, Tb, Tm, Ti, V, W, Y,
Yh, Zn, and Zr.

4. The method of manufacturing a permanent magnet according to
any one of claims 1 through 3, further comprising executing increasing or

decreasing an amount of evaporation at a constant temperature by varying
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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.

5. The method of manufacturing a permanent magnet according to
any one of claims 1 through 3 and 4, further comprising® prior to the
film-forming step, disposing the sintered magnet in the processing chamber;
and thereafter reducing the pressure in the processing chamber to a

predetermined pressure and keeping the pressure thereat.

6. The method of manufacturing a permanent magnet according to
claim 5, 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.

7. 'The method of manufacturing a permanent magnet according to
any one of claims 1 through 6, further comprising, prior to the film-forming

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

8. The method of manufacturing a permanent magnet according to any
one of claims 1 through 7, 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.

9. The method of manufacturing a permanent magnet according to any
one of claims 1 through 8, further comprising, after having diffused at least

one of Dy and Tb into the grain boundary phase of the sintered magnet,
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cutting the sintered magnet into a predetermined thickness in a direction

perpendicular to the magnetic alignment direction.

10. A permanent magnet having an iron-boron-rare earth based
sintered magnet, the permanent magnet being 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 Th and disposed at a distance
from the sintered magnet 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 by adjusting an amount of
supply of the evaporating material to the heated 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 in a manner free from formation of a thin flim of the

evaporating material.

11. The permanent magnet according to claim 10, wherein the
evaporating material further comprises a fluoride containing at least one of

Nd and Px.

12. The permanent magnet according to claim 11, 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, Ex, 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, Sy, Ta, Th, Tm, Ti, V, W, Y, Yb, Zn, and Zr.

13. The permanent magnet according to any one of claims 10 through

12, characterized in that, after having diffused at least one of Dy and Tb
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into the grain boundary phase of the sintered magnet, the sintered magnet
is cut into a predetermined thickness in a direction perpendicular to the

magnetic alignment direction.
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