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

[ Thchni cal
per manent

Fi el d] [0001] The present invention relates to a
magnet 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,

manuf acturing the pernmanent magnet. [Background Art] [0002]

SPECIFICATION

PERMANENT MAGNET AND
METHOD OF MANUFACTURING SAME

[ Technical Field]
[0001)

The present invention relates to a permanent magnet and a methoed 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

"

and to a nethod of



A Nd- Fe- B based sintered magnet (so-called neodym um nmagnet) is nade
of a conbination of iron and elenents of Nd and B that are

i nexpensi ve, abundant, and stably obtainable natural resources and
can thus be manufactured at a | ow cost and additionally has high
magneti c properties (its maxi mum energy product is about 10 tines
that of ferritic magnet). Accordingly, the Nd-Fe-B sintered nmagnets
have been used in various kinds of articles such as electronic

devi ces and have recently cone to be adopted in notors and electric
gener at or s above-fisdoribdd sintered 0GE3et in a demired pratucsy tHeaedre saseeavhdre
Curie tenpeﬁature f the above:d ﬁf[ibqg,sinter d nagneé hs as | ow as
about 300CHh¢ pistereddnagnstopuahbe hreated fpdog predeterapingd sBaperm ghitre
soneti mes ¢J i r . 1] t

dependi ng ShofmeibthEERESALL b HREIRG AuplcaHch RIS, 1 EPELR s
enpl oyed agddtthenkbphad ishafing to thd brdifis dEfROGAtdré @ hnmdteAdsuliff in a
heat ed beyond the predeterm ned tenperature. In using the

above- descrémarkatilatetertbratignén the maghesic pedpgrtieduct, there are cases
where the st&@g{ed magnet nust be fabricated into a predeterm ned
shape. Ther )then anot her problemin that this fabrication gives

rise to def ect ueipeksyapd e NhHKRIRADGSILRLISAD IDSIAAS 1Pl

the sintered magnet, Tes ng in arem erioration Th
nmagneti'c peoReddriedsto RAQ0BY and THh&HeélONSrgelh@Rprdie: e Feath shdpted
magnet is obtained, it is considered to add %@and Tb which largely
i nprove t hantpokiony nefynemicipad rpksaser begausé they nbaysamagnetie arisatropy tdfey
have magneti.c, ani sqtropy. of 4f-electron |arger. than that of. and
bocause r ndbSldiendbrien hrpdhat oL SEATher GROS they Bive 8 hegatipg fuowns
since Dy a , faepri LS [ j :
orientation ﬁelg '?iﬁi\;gr t% 3 Itqﬂ'at E‘S% E’Igi"i é@?%gjiﬁ%{ggﬁ%‘ég? '?? g.%&g#lgtgﬂ%tlsm
principal phasfuret Revifk'£RpIM oBlentBENE eativEtel that @Pdd gl thet Bstal
maxi mum ener gy product exhibiting the magnetic properties is
extrenel y latthee ofith¢ poidsipal 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 Tb to a predetermined thickness (to be formed in a film
thickness of above 3 um depending on the volume of the magnet) over the
entire surface of the Nd-Fe-B .sintered magnet; then to execute heat
treatment at a predetermined temperature; and to thereby homogeneously
diffuse the Dy and Tb that have been deposited (formed into thin film) on
the surface into the grain boundary phase of the magnet (see non-patent
document 1).

[0008]

The permanent magnet manufactured in the above-described method
has an advantage in that: because Dy and Tb diffused into the grain
boundary phase improve the grain magnetic anisotropy of each of the grain

surfaces, the nucleation type of coercive force generation mechanism is



In order to solve this kind of problem it has been proposed: to form
afilmof Dy and Tb to a predeterm ned thickness (to be forned in a
filmthickness of above 3 pm dependi ng on the volune of the magnet)
over the entire surface of the Nd-Fe-B sintered magnet; then to
execute heat treatnment at a predeterm ned tenperature; and to thereby
honogeneously diffuse the Dy and Tb that have been deposited (forned
into thin film on the surface into the grain boundary phase of the
magnet (see non-patent docunent 1). [00061 | _The permanent nagnet
manuf act ur sdengthenedapd pctegilie the) seergivenforcenissdramatacadin kopravadt and ;

b i f ' th in b . h A t
s R G e R A
hucl eat i ongboierf 1 GRA L NM@NEOELACHEBPRRIIRL RAVINBCD ARSI Aikce, e.g., of the
strengthened; as a result, the coercive force i's dramatically

i nproved; sewahdie fexi demsityiel4y pGotlues TH lthatiandhyedergyopioduct: 56
reported in_non-patent 9ocument L that a magEet cg& be obt ai ned
havi ng a pd&@ee kd/mf),and egergine forsprpdickiPe (3 MAhsi ty: 14.5 kG

(1.45 T1), rr@j m ener gy product: 50 M30e (400 kJins), and coercive
force: 23 k MV mM). [0007] By the way, as an exanpl e of

net hod of manufBgtilel GAyNds e BxBasR4 off %ggiﬁ?f)@ml\lfgcﬁégﬂf NEFgoWn

a powder netallurgy process. In this net and B are
f or mul at edbasedasipteddt maghete dheesnpo kinbivana rpoiwder metdlhdgy andcasst I o
t her eby manufacture anp al lﬁ‘i raw mat erial, which is once coarsely

g

ground by EhipyRebdy Brstn Fgy aand hprenérmulptedyinng | prefetpsmined
e e
Compr aasi on ttae JHRch IS TRED cofroEpRERIE, bY A Ehdr il drtnding stpp, and
char ged, ttlemednbseftanitly igely gmohdddybegdy jethiilt finolgdadlihpdyp tethdreby
:: 2: g; gg zg&%&% .glrlfe’gg%‘g]rnrgﬂep%wcd%gdi 'E.‘}ilglgsthé%b;[;;iggg gﬁoﬁgv%frggélupro%vd%r is
oriented in magnetic field {(alignment in magnetic field), and is
compression-molded in a state in which the magnetic field is being charged,
thereby obtaining a molded body. This molded body is then sintered under
predetermined conditions to thereby manufacture a sintered magnet.
[0008]
As a compression molding method in the magnetic field, there is
generally used a uniaxial pressurizing type of compression molding machine.
This compression molding machine is so arranged that alloy raw meal
powder is filled into a cavity formed in a penetration hole in a die, and a
compression {pressing) force is applied from both upper and lower directions
by a pair of upper and lower punches to thereby form the alloy raw meal
powder. At the time of compression molding by a pair of punches, due to
friction among the alloy raw meal powder that is filled into the cavity and
due to friction between the alloy raw meal powder and the wall surfaces of

the die that is set in position in the punch, a high orientation cannot be

obtained, resulting in a problem in that the magnetic properties cannot be



As a conpression nolding method in the nagnetic field, there is
general ly used a uni axial pressurizing type of conpression nolding
machi ne. This conpression nolding machine is so arranged that alloy
raw neal powder is filled into a cavity formed in a penetration hole
in a die, and a conpression (pressing) force is applied fromboth
upper and lower directions by a pair of upper and | ower punches to
thereby formthe alloy raw neal powder. At the tinme of conpression
nol di ng by a pair, of punches, due to friction anong the alloy raw
meal powdeP™PF¥edis filled into the cavity and due to friction

bet ween the[ y raw neal powder and the wall surfaces of the die
that is set in position in the punch, a high orientation cannot be

obt ai ned, resulakifglhfion, RiORhEWNItH ad8ab thé'@bfm_ﬁé@hllﬁi RARRAREAL Rwder
cannot be inproved. 009] As a solution, it is known to add to

t he obt ai nadubtitayt swel aezhc pteadtete. a Ihihis manthess bylseasring ilowsibdityaife .
In this manner,_ by securiﬂg flowability of the alloy. raw neal powder
at the tinsheRllogniavesieah Demdgr v the tthee nfgprmpreseion golgig in the

the 1 nsherell FRBICGF &) Ehe (HE° rigHIEPTSSFioR aRolfing
aci i ¢ at otPteebe Mot e oo Bnar il ARl Y veBafiad fomy he
| npr oveneni;ofs SABkAMi (6 Aoh-bhidhtNo2k@LABRI Nt ered per nanent magnet s

(by Pak Kite of Tohoku University, Doctor Thesis, March 23, 2000)
[ Non- pat ent [Nonpaberit @pcurient 2004nen6terpsre of eoercivitihendtisior NdeFenB of

the col umsicx)ftel%rdi 8{31'11611{1;1()3111:[ %e;sgcnle%ss LH)}? Ig)a]:k tee Io V’Fo?foik%nbniversity, Doctér
Thesis, March 23, 2000)
[Non-patent document 2] JP-A-2004-6761 (see, e.g., the description of the
column of prior art)
[Disclosure of the Invention]
[Problems to be Solved by the Invention]
[0010]

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

[0011]

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

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

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



[ Problens to be Solved by the Invention] [0010] In a sintered
magnet made by sintering an alloy material containing a |ubricant,
much carbon (ashes of lubricant) remains in the grain particles. From
this fact, in case the above-described process for diffusing Dy, Tb
adhered to the surface of the sintered magnet into the grain boundary
phase is to be executed with the sintered magnet manufactured in this
manner, there are cases where Dy, Tb reacts with the residual carbon

(ashes of | ybricant resulting in disturpance of diffusion o ,
Th into t hetigeRty wﬁ%fﬁa%f y“ﬁﬂagée. BRI hRAYdICY (RhasR, oAndyin ﬂstht g@ he
grai n boun | [S L ) : | 1.Qnpr.

G211 DB RS a3 Btk D SRR IRERE AR Hith
Ther ef or e, pidluétiQityOf Fubghe2PaVSeddfill Nét5ectaof thidt iRheieh Rf td Prsvide a
invention 1s to provide a nethod of manufacturing a pernmanent magnet
i n whi ch Dpernfinendheaguettin whizhddy, fice afficiehdy siiffusadeehlpragteethe grain
containing lubricants efficiently diffused into the_grain
particle pRagicle phase of Bhe &eﬁiFﬁeﬁ b%%%ﬁ@%ﬁre%ameto@nﬁ@w angs
properties red.. ' roductivity. Further, a
second obj gggq‘gﬁafEﬁgﬂﬁﬁlgﬁﬁﬁg’cﬁ@%g&ﬂ%ﬂﬁgovi de a permanent magnet in
which Dy, ThvesneforiSoi@nk!the #rbbleaRd "only into the grain particle

phase of the Nd-Fe-B based sintered magnet containing |lubricants and
whi ch has hl@12dagnetic properties. [Means for Solving the Probl ens]

X

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

[0013]

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

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



[ 0012] In order to solve the above-described probl ens, the nethod
of manufacturing a permanent magnet conprises; a first step of
adhering at |least one of Dy and Tb to at |east part of a surface of a
sintered magnet nade by sintering iron-boron-rare earth based all oy
raw nmeal powder containing a |ubricant; a second step of
heat-treating the sintered magnet at a predeterm ned tenperature to

t hereby di sperse at | east one of Dy and Tb adhered to the surface of

the sintered magnet int o“]gr in boundarﬁ phase of the sintered nmagnet;
wher ei n t hBO% #RGr %2 FEGHE: ¢ TBYReNt; ROFAY: Pgdethe; RagHYiPepRyeY

Phis i nvenplishit BySell R BogteBlbionst areldlied. o 2 ange of 4 pm

- 8 pm Dy pog4qr Tb adhered to the surface of the sintered magnet
can be efficiently diffused into the grain boundary phase w t hout
bei ng affect ed bYntthe otherbland,ad bles avdrage lgndini sizmis) largsi thaal 8 unsitte
the sintered nmagnet, thereby attaining high productivity. In this
case, if tHeergivariagee dnvesrs Recause dhe m@pieis tom fargepand.ain pddision: Hbee

can be obtajned a per nt _magnet havi a _high cperciv Qrce.
bocause by CWiaroRreE PRI g Ry heBmph g FlF, Wi 8, in e,
there will (it Hiiths BEht Ne sffula® arbin Asieddot Nbhaitit) GRAE &R LhSn
all oy raw neal powder in that, at the time of conpression formng,

f1 owabi | i t powadanyehsemeschbigher, ttherailyylargiyoneduting thd emtraivedioree. In
Therefore, the orientation of ;the sintered rragg% becones (g or_ and,

as a resul addition, theapeidual cagboparacteywith Py padieaxihard dherdifupieafict

show ng t he, nmagneti c_nr rties are. lowered.. 4 .he .

ot nor hana?s] e e carRp Bty el oHIEDF hipaoti hosety oY hfteion
coercive f gintehd BWRIsIoREGIBEtH WoliaBiliky ecbR@s pdbge and, in
addition, the surface area of the grain boundary becones smaller, and

the rati o of0@&]centrati on of the residual carbon (ashes of

| ubricant) near. the grain boundary, beconmes higher, thereby |argely
reduci ng the coeeferakdys she emethoddgrthesn compusess difpapingathe nsinterets
with Dy and/or Th. angd t di f£fusihon ,of intq.th ai_n_bhoundar
phase wi | 06 o Phe, PAhREang Rl YY) g ndcedmes HRARGE: 2anq
the wor kabiligoratifgiiBErR Yontaining at least one of Dy and Tb, the evaporating

material being disposed in a same or another processing chamber; causing
the evaporated evaporating material to be adhered to the surface of the
sintered magnet by adjusting an amount of supply of the evaporated
evaporating material to the surface of the sintered magnet; diffusing at least
one of Dy and Tb in the adhered evaporating material into the grain
boundary phase of the sintered magnet before a thin film made of the
evaporated material is formed on the surface of the sintered magnet; and
then executing the first step and the second step.
[0016]

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

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



[ 0015] Preferably, the nmethod further conprises: disposing the
sintered magnet in the processing chanber and heating the sane;
heating an evaporating material containing at |east one of Dy and Tb,
t he evaporating material being disposed in a same or anot her
processi ng chanber; causing the evaporated evaporating material to be
adhered to the surface of the sintered magnet by adjusting an anount
of supply of the evaporated evaporating nmaterial to the surface of
the sintered magnet; diffusing at |east one of Dy and Tb in the

adher ed ev&PRRUEBIAYG %tte&ay 50 theeerfagecoidhe sintpradhaaepetwas adprsted dhe

sintered nmagn for thi,n &il.myade of the evapor.ated material (i s
formed on P%égfs?# C 1913? qn:?éorsihtlgrt 'aeﬁﬁ%?f ]:ngalﬁaf‘%ﬁael?\t%@gé‘fﬁf‘t ‘i“#ber?‘iine
first stepiapghe bhaseGRPE seh8PntidIBP Ubused inf 64 ¢rdi@ bAuIdY:s phase of
configuration, the evaporatéd evaporating material 1s suppliéd to,

and adher ethd sint¢ted maghetckefofe thetlsnrfiler edsformed (Lhathdaspplger the
heated to theéfredetern‘i ned_tenperature. At this tine, since the
a

sintered naghak atpms sagherp dy, I apdeiher like tar thenpurface of tbatsivlpredum

di ffusi d b I ned, | h I f
the “evaporiary At heaP iR oBiFer oG e el il fufiett R
adj usted, phauiBl M 2R Pockdidd WeRbudPyaghr! [ atrhRfe IR §hé al

that was adhered to the surface were sequenti aﬁﬁl%g diffused into the
gr ai n bounsarfycepbasbtiohs bfidhs ipetmasdnimmigatt hed substhhéialllyi thefdalme aas
formed (i.e., the supply of the netal atons such as D% Tb and the

like to thehosgrivefere esechiiagstiher aloxg deaerikad mrreessingdi Thestsiace 0 ithef

into th i d h ted i i I i
(Vacuum vaBBTGUREE! bePRAREET PadttREVIER | 2pRtidledh PIGRES e llng
per manent pFBRGPRYaRUNsaHASE AN dsY fidAe bERIndSwbiter e Ied0tige @f%&éisﬁ ng

t he above-descri bed processing. ‘IS‘he surface of the manufacture

per manent ohfyeand/an Theiytoethengmzdn flrromdgst near thetsarfaoe aff dfie (sintered e
roughness from beconm ng worse). Excessive diffusion of Dy _and/or Tb
into the gfagRehsandhe praeentetlyand a mackicelar ppst sprepessing baeoraes agh

be prevented, .a rti.cul ar sk prqcessing becones not required,
t her eby at e uﬁlrerr%\gtgeq%%ﬁt ?881&4)3%5}}&0%[‘16%&%‘ Further, by causing
Dy and/or Tipdig]be diffused and spread honogeneously into the grain
boundary phase of the sintered nagnet, there can be obtained a

per manent magnEurtheat Wyascausidye rDyhaplise Thndbobe Thliffushl pdrak esprpldise

containing Dy, Tb in_the range of 5 - 80% in the grain_boundar
phase, t hahomagergouslysdo the graindhoundagy, ppasaok the siatand snaansd. Brere ne

surface of gral_n d I | f.owhich, has . i gh coeregjve
force and ﬁ‘ihgﬁoenég aéﬁ?cg%p;pgg%ra F%ﬁiﬁ?é{legdmatti%%s, 3 ?ycglgg ?q}?es eaﬂ@l\?’é
occurred debasdisphadedphase b&lttanﬁngrmr, % iR&RE rhiige 8§ 5~286%Pin tHtEerain
sintered magnet at the tinme of fabrication of the sintered magnet,
t here wi | | bvendayypdchsBythatdiaspliffase b/ axd/@0Th ionly thilseneaighbiwhobd sf de
t hereof, thereby recovering the nmagnetization,intensity and the
coercive fbpegurface of the grains and, as a result of which, has a high coercive force
and high magnetic properties. In addition, in case there have occurred
defects {cracks) to the grains near the surface of the sintered magnet at the
time of fabrication of the sintered magnet, there will be formed Dy-rich
phase and/or Th-rich phase on the inside thereof, thereby recovering the
magnetization intensity and the coercive force.
[0018]
In the above-described processing, if the sintered magnet and the

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



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

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

thereby i nEVARARHYE MM cHs PYRPHF AL dartBE fRo neayése?a&z%matﬂ@girec’apng
(0 1 oAby PASHE BBl SURTAL WAGGAA o GAPOSIRIL

of the appara , as pr I NSI
processi ngpsdpgher wWith separate parts required for increasing or
decreasi ng the anount of supply of Dy and/or Tb to the surface of the

sintered maf@@k9] t he amount of supply to the surface of the sintered
magnet can be easj |y .adjusted. 10020 In order .to,.renove stains,
gases, and noi EReleEA bl RO BRETY o e ArBowRt ?@M&péﬁ%ewésmg
before dif ' d b_j ' S It

pref er abl e%éﬂgﬁ%e ghéé&g?c-égsgt?%&is%ﬂg ﬁegfplr)’% é%gglg%%gﬁ%?’o@ nginsg a
mai ntai n t Bgedifi€ saate bhed 8ﬂhé)étr§;60r7aﬂin§%hté}9altitea REAGHS SéMPerdtarer

in which the sintered nagnet is dispose
thereby increasing or decreasing the amount of evaporation. According to
this configuration, without the need of changing the arrangement of the
apparatus such, for example, as providing inside the processing chamber
with separate parts required for increasing or decreasing the amount of
supply of Dy and/or Tb to the surface of the sintered magnet, the amount of
supply to the surface of the sintered magnet can be easily adjusted.
[0020]

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

[o021]

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

[0022] |

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

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

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



(00211 In this case, in order to accelerate the renoving of the
stains, gases, and noi sture adsorbed to the surface, it is
preferable, after reducing the processing chanber to a predeterm ned
pressure, to heat the processing chanber to a predeterm ned
tenperature and nmaintain the tenperature thereat. 10022] On the
ot her hand, in order to renove oxidized filmon the surface of the
sintered magnet before diffusing Dy and/or Th into the grain boundary
phase, it is preferable to clean the surface of the sintered magnet
by pl asma ppier do heatingatha grodessipgodesshargine wdndle the sinflered nmagnet is
sintered net js disposed. [0023] Further, after having

di ffused E@ ‘%r Tb into the grain boundary phase of the sintered
magnet , hea{odg atnment is preferably executed to renove strains in

t he per manent gnet at a tenperature |ower than the said

tenperature. Avgefidrngftep hiakirg difftidedUDRtandibr Thehey € ghSinObdwidagy a
per manent nagnet of high nagnetic properties in which the

magnet i zat pbasd of dhei siptened. magaeti heatl treebmente i§ preferablynprevutel ¢o
recovered. remove strains in the permanent magnet at a temperature lower than the
said temperature. According to this configuration, there can be obtained a
permanent magnet of high magnetic properties in which the magnetization
intensity and coercive force are further improved or recovered.
[0024]

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

[Effects of the Invention])
[0025]

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

[Best Mode for Carrying Qut the Invention])



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

per mmnent magnet according to claim9 is made by: sintering

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

| ubricant; adhering at |east one of Dy and Tb to at | east part of a
surface of a sintered magnet which is nanufactured so as to have an
average grain size of 4 pm- 8 pin; and executing heat treatnent at a
predeterm ned tenperature so that at | east one of Dy and Tb adhered
to the surfﬁgeeaf the sintered magnet is diffused into grain boundary
phase of the0®6dt ered magnet. [Effects of the Invention] [0025]

As descri bed hegg.ei nabove, .t hod, of _ manuf act.urin nent
magnet accordi glﬁf 5$ﬁq%$itﬂ&gﬁ{$gna g’ ?R%rné?‘??netclfl%gﬁq%tm[tp‘ﬁrggg IB)]Fesent
and/or Tb aRerRA it MnAdeastiirbd®§ PHnultaBedudly @kECIRIAIbrie Of fidtbEids
therein a lubricant can be efficCiently diffused into the grain
boundary phasennnnhpobapraepsngnndntevaporatinghay reyapotutiig material v
productivity and high magnetic properties can be manufact ured. )
Further, t ﬁ‘éﬂtﬁéﬁlﬁﬂrﬁgfnleaﬁhgﬁ%t{’f andi Hy eansing thg gvaparpbad peepaating

SRR SN TN TN e U N R
[ 0026] S that has been machined to a predetermined shape; and diffusing the metal
atoms of Dy and/or Tb of the adhered evaporating material v into the grain
boundary phase.
[0027]

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

[0028]

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

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

10



Wth reference to FIGS. 1 and 2, a pernanent nagnet M of the present
invention is manufactured by sinultaneously executing a series of
processes (vacuum vapor processing) of evaporating an evaporating
material v containing at |east one of Dy and Tb; causing the
evapor at ed evaporating naterial v to be adhered to the surface of a
Nd- Fe- B based sintered magnet S that has been nmachined to a
predeterm ned shape; and diffusing the netal atons of Dy and/or Tb of
t he adhered evaporating material v into the grain boundary phase
[0027] ligiidelukiticeatBhiveingd bmnv:ec@dtyrmgnaed$oé;bat hleys dampt dgmage

I f d Kk h h
2 A G “°“wg%ﬁs%aq%a¢'ls@eﬁm
o o R S R OB, B TR R

casting nmethod. av ng a thrckness

of about 5(m1pm>anlaa;heﬂﬂ4eb aﬁéﬂhﬁdtéﬂalé @aﬁ%ﬁ%ﬁ%&rhW9&hd@ﬁ%hﬂﬁﬁe
nmethod. In addition, a small anount of Cu, Dy, Ga may be

added t her &ika), chrgang: high polymerat (RFEE Thesad, ahphakmuf}dcm thaseld,a higher
t I th d di
o e s, B SAsSrE ik i o
t { h
Pl e ot ex DR D YREMRG, 2rf 9 fAWTRly RAUERbIe | )RR zing stdirald)®

her ei naf t egghylléiee anhdwy a&@mmt]ﬁgwagéd basasadded ther eto a lubricant
in a predeterm ned m Xi ng ratio, and the surface of the alloy raw

meal is coaf@@®Aith this lubricant for the purpose of inproving the

orientation by _securing the fIOV\ﬁ bIIt of .the alloy raw neal powder
and al so for t & Biergibse hand; gsthe digyy b“l%rFFé‘nF:er@%lcﬁ@ bsrligtpd nﬁé\"f?éd

body off fr I p

| ubricant, Péoyl II]??II%IE‘?C(E stg%lreaﬂ% qU| dgﬁt t?lpﬁﬂmtés)""ﬁﬁ‘\‘/‘fﬁg éhIlen%)\II/ﬂ and
viscosity ghe Heethiferhhatlst GM'O eHTBAR] tthe mpé)alanaobfgaﬁ@ l6we
solid lubricants, there can i st ed | anel | ar corrpounds (MS2, WB2,

:V_bEej grap motle;ulaf\lmafwmalsaﬂmtggedé lahaham_sr dvﬁlsedyegwrgl(aﬂadfaftg a(?dulz(in;lﬂe
ike), rig eria di anond po i owder n e |like
olrgaﬂi tc hi éﬁs‘%g 3 t ﬁaseé&ewgﬂﬁeg%agﬂtﬁ H?’ft&f'ﬁﬂ ¥ daetepagdp use
aliphatic a a e

metallic sggaﬁﬂafgég I‘é‘#dcl%‘ﬁ“an}%%% ba%?cf g erpaar ug(rl I @/Iug?%? ei‘gglIC%nft o]

Fg 825 i nc S‘Iﬁtf\héﬂﬁbr@éﬁ‘ﬁé'aﬁ@ Q8 vieh s@ffﬂcﬁaﬁﬁ' et Q?tdiﬁfnﬂgaﬁﬁfﬁ $EARE- The

carbon residue content of the lubricant that remains after sintering lowers

the coercive force of the magnet. Therefore, it is preferable to use low

molecular weight materials to facilitate the removal in the sintering step.
[0030)

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

it may be added in a range of 0.05 wt% ~ 5 wt%. If the mixing ratio is less

11



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

| ubricants are used with surfactant or by diluting with solvent. The

carbon resthiue G&¢hvdh, dfe {lowabilidyiafathe alleit rawnmeal pader wilhmet jbag
| owers the.coerci,ve force of the net. Therefore, i1 is, preferahle
o use | ovATHBFEEh 3SR eFH PR G EPafbe s b BPERPRILY 08¢ the FiReLr

the sint er b0 b8 igfhroblf S Wy the el BARA Air b HidiPrhi8RexoSe A6 ol O
the alloy raw neal powder P, addition nay be rraéle inamxing ratio

of 0.02 w the coertivetfrcel Towiche unidst tHe iafluéndesSof! ih®Scdrben rosidde Wolterithe
flowability of the alloy raw neal powder P will not be inproved and,

consequent that rameaipgiinthasiniered magnet when; thersinvteted aragres ipohtained.
hand, if the mxing ratj,o ceeds O. %, the. rcive force | owers
under the &iéffﬂlf‘er‘ﬁ?gﬁ éf Wef@r{?"@é‘zs’r@é?%eth@o?fﬁﬁﬁ?‘%%%atmr% itﬁg g e

sintered S| i I 4 {£U Mol
case a liqui #au%%ﬁga%@%ﬁgtl%gfeb%%a%@? %ﬂéﬁeﬁg{/&%ﬁ;ﬁ\%ﬁ%&% ﬁp%‘{ﬁggrcoaﬂe:}td
may be addeke allop raengealbhoRd&IoPird, du2 totlighdd hibRizabing dfibct,ad heshey

less than 0.05 wt% the flowabi Iité of the alloy raw neal powder

wi Il not berientatiredaantie eltaseafienbnsequently by asigsse.gi,l at yniaxial
the orientation will not .be inproved. t he other hand, if. the,

i g+ at PEFBREEIYIE (ieoprr R b Biolfipe astane tvionustraed Ravane a

i nfluence i I L i red
et e PSSR ERgR iSR! Aok biglef SRk Tnb Ao e’ s
| ubri cant s forinfed@bid hhreietddhindlr skt iRntet AR ghbaYi feliH RS | thardafere
added, the lubricants will be widely spread to every corner of the
al l oy raw meusedoingide Paarkohowiuesinderinghfurnager i ozl | iy sifteed, wnder
hi gher orientation cgn be obtai ned. Supsequently, by uysing, e.g., a
uni axi al ppé%@&?ww 1QRS, P&&g%ﬁ%ﬁmﬁ?%g hedcHiptraed paagnet is
iI'lustrated) Jlﬁ'%étﬁge(? known construction, the alloy raw neal powder
cont ai ni ng the Tubricants: is formed into a predet erm ned shape in

t he magneti fod31dl d; is thereafter housed inside a known sintering
furnace; and is sintered under predeterm ned conditions, whereby the

above- descr i be®ysthet wapdinrblym einteredranaghet madedby doeting the 8oyt haw
way, in the sintered magnet e.by sintering the all oy .raw neal
powder confAahBRYAetSPRERRIE Lﬂm@inﬁ§ thiezesn.| sveprid the mHgng Zebg Qthene
| ubri cant sy iis.: escChl e j f . i

mgnet  nayi s B sASR0ALREReR NS, ARG B bl Ll are

if Dy and/ gésidball eadlon Gshheddient @Fildbsicaki@). DoThérfeeqE Dy Grdhe Th
vacuum vapor processing, the diffusion of Dy and/or Tb into the grain

boundary pheants with the residual cadonAn execetiog tthe tvagudinf yagiroprocessing,
processing {angd_.in, tur he vacu or rocess'bg cannot

va be .
execut ed i '@ GHYPPM Pher I13PYH st -iBtitHENE AR L t PBAge grill be
manuf act ur i siant er o t st e
optim zed, Idg%#qbﬁlé éq\%egarggulg’? %Héfﬁidelg%gﬁ?%g&s n glrd e%' Pnlgrgrl\rll\@?@ga%%m

nmade to fakhpo procssing)aga@odbesxpotitedGnRisho¢ €Rfiéli Nh tids tedisodiment,
arrangenment, w thout being influenced by the residual carbon in the

si ntered nilyneenditipnanf manufactaging dw sivterad magrieio® infeachof shestaped
magnet can be eff. ci e&nt |,¥ .. .
were optimized, and the average grain size of the sintered magnet S was
made to fall within a range of 4 pm ~ 8 pm. According to this arrangement,
without being influenced by the residual carbon in the sintered magnet, Dy

and/or Th adhered to the surface of the sintered magnet can be efficiently
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.diffused, thereby attaining a high productivity. (0032) In this
case, if the average grain size is less than 4 pm there can be
attai ned a permanent magnet having a hi gh coercive force because Dy
and/or Tb has been diffused into the grain boundary phase. However,
there will be reduced the effect of adding the lubricants to the
all oy raw neal powder, the effect being that the flowability is
secured at the tine of conpression nolding in the nmagnetic field and
that the orientation is inproved. The orientation of the sintered
magnet wi | Hiffused, therelir sttamingadiighoredussutt, the remanent fl ux
density andbééﬁalnaxinun1energy product indicating the magnetic
properties be owered. On the other hand, if the average grain
size is larger i f i), | r LN
addi tion, 1 he LirPR Rl SRt FRREE LR JECR: Mo (hE 4 BUE (EEZBfh bt
As a resul attaidl apéEnShertio dfapitet ddvanig of Hikle doefdive!dbrceabidiustEDy
the grai n boundari es becones higher, and thus the coercive force is
further | owediod Thahagdheen diffusediintodhe graie hasidaunphase.bddoweeart theme t h

Dy and/or Th, .and i,s,di st.urbed fromgetting diffused into the

gr gi tnhbouna’d%be_pﬁ%‘@?dvﬁ]l’@r%%%Fttﬁea"[dlﬂ% tgf’ 1&*”?‘1%%1?50?? g 23 ’42(%&&31
an e pr V it [ a
vacuum vapgwg%%c%%gfﬁg&ggggiﬁg%éﬁih?oroqgideﬂclt il?lg £ ﬁ'{eb%gv@edé@:er i%tged

processi Ngcirdpredsioac wmuliimipa i ethel Zadghetibi éldaand ey the dnichati®used
to, and kept at, a predeterm ned pressure (e.g., 1 x 105 Pa) through

an evacuat impraovedns The arurstiatientafribe- sintered|raagminwill ¢hye penworsened
di ffusi on punpp, and thﬁ | {ke. There |.s d‘}ls osed i.n the vacuum chanber
12 a box baag}) ety iﬁb.e @W%‘&%‘g‘ngﬂ?‘a el‘%éfryaﬁp@ Hif FRArIBBIm (Rnarey 1
with an up d hei 4 .| r 2 Whirchnql s

det achabl yBﬁ%dl}%? é%&{é%tl?ﬁgﬂgplgﬁgﬁ%ﬁgp%ﬁg #115%38 gfﬁet ﬁogv rS(;. pg%ltt 19ther

[ 0034] haﬂd,di@w\/afr@i_age@ﬁin §ikangRrgeethian 8 g&mﬂe 2beRgvd SR bE
circunference of the Ii art 22. Wen the lid part 22 is nounted in

posi tion olowdred amdein tawe tbe surfacharepaf the grainhkouddarys R2amies
fitted into t eogéser wall qf the bpx part 21 (in this case, no
vacuum seaP™&4ER a rhgplly t t1q of conseniyatipn of the gesiduplegrhen pear

processi ngtl%? ?g%ﬁg’é)%t \.Q’?iieg r?)el:ém%% feﬁ%fe?,daxfﬂ 91%5& nﬂger X%%&&g@%%@?’grt%%r

It is so con at, when acuum cha uced in

pressure t lywaigh lahelevaauaidifitn, "fanesillial 8adoRRE6lsSkith ¢ aRHRS T, ©
(e.g., 1 x 10 Pa), the processing chanmber 20 is reduced in pressure

to a pressang Qe igdistorked feom Rajting diffasedhingbdhe sgrom dntindaityy physe,
half a di giw eE'e ajlrntl}eh&%:\ei (?f &i%%si\{')%cll)]e%ronmgg gl?geerr alnzd the productivity becomes
poorer.
[0033]

As shown in FIG. 2, a vacuum vapor processing apparatus 1 for
executing the above-described processing has a vacuum chamber 12 in
which a pressure can be reduced to, and kept at, a predetermined pressure
(e.g., 1 X 10-5Pa) through an evacuating means 11 such as turbo-molecular
pump, crycpump, diffusion pump, and the like. There is disposed in the
vacuum chamber 12 a box body 2 comprising’ a rectangular parallelopiped
box part 21 with an upper surface being open; and a lid part 22 which is
detachably mounted on the open upper surface of the box part 21.

[0034]
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[ 00351 The.vol une of the processing chanber 20 is set, taking

I nto consideration the nean free path of the evaporating material v,
such that the netal atons and the |ike of Dy, Th in the vapor

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

descri bed hereinafter, and are made of a material that does not react
with the evapodatdowmwardlyi dient. f0086122a id nfogntedr slonds,thehemtiree

I ng. I al ' vy 1D, | Al .203. whi ch i s, of d

A or i RFYmGRERed DA N Rl ol hemie ik PavhgaSienmaantiged e
, Th i ) t ' f
ot on oRCPRERCH) P ERR e TRERE ki xir( 47 e Bing R B RIS "

atons i nt o th&@uyvaPaalledMEEPhek Paef 2PV Iiisasd Pno Aeeandl BEdlYsuchhgs ROX
body 2 is nade, e.g., of M V, Ta or alloys of them (including

rare eart h nsdteleedlsisapicheidedd, sd beytp definedalautoddssiig cyambend 20hehichkis) |
CaO, Y203 or .oxides of rare earg\h Ierrent?, .or constit tg% by forErling
an inner | A3Al#fgdoRORHdesYAGRTR cHRIRRSIter 1t Mot SPRgLRa: distalvhen the

bearing gr 'vgcgw}l% c?fam}?egg}% i%’ig?ﬂcléﬁailni ﬁ%sﬂreﬁltré\{rlé# ;tleléeeﬁrgm%t?né nieaﬁ%he

ram (dia.)) s arrange ce at*apre erg rom

bot t om sur 136 al greHORr AR REE pEdsRlre RAFTDEX 1P5 PH)) th8ipode@ainigthatied 2812
a plurality of sintered maghets S can be placed side by side. On the

ot her hand s trhduendaporessurentd er ipadssuré deappboprlCridta) phatc éd highe
bottom surface, side. surfaces or,a top surface of the processing
chanber 20 supsfgnix Ybywﬁl‘ﬂéglé\‘i}é%F%ﬁlﬁdhﬁé'ﬁéW@ic w2 i s used Dy
and/or Tb Wﬂbﬁ’é]' argely inproves the grain magnetic ani sotropy of
princi pal phaSe.” In addition, there may be used fl uorides containing

at | east one Offhgy v@Réind Nof | theddftbbds@ihg tdhAnfheFRROPEsUSRY OAEnENinto
which at |east one of Dy and Tb is contained. In this case, the

evapor at i ngongiflenitmn the mehor fro¢ gashi of ihe eyapaetorgrinwerial xj syrhr thato

bt ai ned anté Reiah Sseme st ahe (156 pb s A Shatdepr Asmosphors oah o
supplied to the sintered magnet S directly or from a plurality of directions
by repeating collisions. The surfaces of the box part 21 and the lid part 22
are set to have thicknesses not to be thermally deformed when heated by a
heating means to be described hereinafter, and are made of a material that
does not react with the evaporating material v.

[0036]
In other words, when the evaporating material v is Dy, Tb, in case

Al;O3 which is often used in an ordinary vacuum apparatus is used, there is
a possibility that Dy, Tb in the vapor atmosphere reacts with Al>O3 and form
products of reaction on the surface thereof, resulting in penetration of the Al
atoms into the vapor atmosphere 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
elements added Mo alloy, Ti added Mo alloy, and the like), Ca0O, Y203 or

axides of rare earth elements, or constituted by forming an inner lining on

the surface of another insulating material. A bearing grid 21a of, e.g., a
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[ 0038] Further, the evaporating material v may conprise at | east
one material of the group consisting of Al, Ag, B, Ba, Be, C C(Ca, Ce,
Co, C, GCs, Cu, Er, EBu, Fe, G2, &d, Ge, Hf, Ho, In, K La, Li, Lu,
My, Mh, Mo, Na, Nb, Ni, P, Pd, Ru, S, Sh, Si, Sm Sn, Sr, Ta, Ti, Tm
V, W Y, Yb, Zn, and Zr. [0039] The vacuum chanber 12 is provided
with a heating nmeans 3. The heating nmeans 3 is nade of a material
that does not react with the evaporating nmaterial v, in the sane
manner as is the box body 2, and is arranged so as to encl ose the

ci r cunf er epberatity A Mbowirdotbyg.2 0. Thelheani (dip. Hewnasrrangahyn ilsdie a a

thermal insul ating. eri.al  of make which js _provided with
reflecti ngpgﬁiﬁ%@gmgﬁtlw@ﬁ frpmy the hottom syrfage ut the prpeassing ghamber 20.

heat er whi ' ' t WAl [ | at.] .
maeral ook G SRR AL SRR R Sl bE MRIRES Ak
2 by the beafidéld ORahs cthef htndedHE Y apPHRIFIE fratbhgl Wi@cﬂﬁﬁhgﬂately
chanber 20 1s indirectly heated through the box body 2, whereby the

i nsi de of pleeegroncedettoy stfatm sid0sudacaseorhe st dusfabs vhthd ptdegssing
uniformy. [00401 A description will now be nmade of the

manuf acturF%%;mB?r 20per mranent magnet M using the above-descri bed
vacuum vapofy r,ﬁcessi ng apparatus 1. First of all, sintered nagnets S
made in accoOrdarice with the above-descri bed nethod are placed on the

bearing grid 2A3 tRé ovAforaeihelhterdal v fHage udd DPana2AY whidhdargely
material v is placed on the bottom surface of the box part 21

(accor di ngimprdvies sthet gimis i magnetic mapoétopy Sfaprintipel ebapear aki addition,
material v are di sposed %t a distance. from e:i\ch ot her .in the
f

processi ngtReranmay bo)used; fluerides, comfaring: ad lsast poe of &y erd Tha Part

22 h : he b i
Facad i ABERAPREEE HAASE Glod O 18XHBRE' af Teask eofl RPREATTE 35,
the vacuumeghianall IR {isi8ecdsbGthe)evapbeitidd nestghial Re ie\faaHatlatdd ifeaNs

11 the vacuum chanber 12 is evacuated until it reaches a

pr edet er m peetlepermsswdeniang.xatib and byduday, ¢.ghearpekeass ang fohmebean 20
i s evacuat eﬁ to ab‘ﬁgzérsur,e substantially half-digit higher than the
above) andaHpwopb i ds ORtaped and disbepediagideythecpresessing chamber
heat i ng rreags 3 when the vacuum chanber 12 has reached the

predet er m néd pressure.

[0038]

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

[0039]

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
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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 processi ng chanber 20,
and starts evaporation, and accordingly a vapor atnosphere is forned
i nside the processing chanber 20. Since the sintered nmagnets S and Dy
are di sposed at a distance fromeach other, when Dy starts
evaporation, nolten Dy will not be directly adhered to the sintered
magnet S whpdhe deafingeméithy 8 @b aptedsaced presretd, éble pFtvensibg dhantlee A0apor
at rr[)sphere,i(fi supplied :{gur%a plurality of directiogns either directly

or by rgpe&% FRytiyohepts b‘b&hﬂ thghbek dpady @hewbﬁﬁebéfcéh%fingﬂé Of'thlel
The. eame nDAtRayigERRREAE 2008 R h ANES sl biGIY St S 0 T L P

vapor atnosphiggd i s supplied and adhered to the surface of the
sintered magnet S that has been heated to the sane tenperature as the
evapor at i ng maedesariptionowilh npivubeaiade offthdi mentfaehering tolf er peling sty
or by repeating collisiqgns. The_adhered Dy is diffused into the grain
boundary pmagaesM usmethe ahave dasgribed Racuwe Vapgr preessingpnparatus 1.

t t .M {00421 As sh in ElG. 3, wh th .
vapor at i iRy of Ak Mtersd SAARBIL, NosBREPe iPe’ alBEanel cithndhe
surface of ahb%-ddakiBER dnOBIACIreSHIBCPon the fﬂéfaﬁn% éﬂdlzal)éﬁcgfbt?l%mdi Hade™

Li, the surface of the pernmanent” magnet M w be” remar
det eri or at d, {zd Diyagethoagdpreatinh anaveeial was daed) orashabotteml dur€ice of
recrystallization of the Dy that has been adhered_to, and deposited

on, the suthtdwioparhkilaewrdmemtgnthis,sthe sintrredi sraenete Hyanditéeed
to, and deposited on he surface of the sintered . magnet, S that S
been heat oB SRS RS AALSHIRL Y e o athned b P IBFS SHOT S HBEESI e
gets mel t egraaekiky HaklhePOQ20PXCARSRE ‘h%'vi/néjhfofu‘r&%&ij ith DhSitioret ¥ Bl Pt B2a
region Rl near thé surface of the sintered magnet "S. As a result, the
magneti ¢ poaphetopea WEpercurfee afffthe thoxqlayt i20ptioy box body eciveaesl in a
[ 00431 That is, once a thin filmof Dy is fornmed on the surface
of the sinbtedederminedt pesitioncenplased ey dhepheaitinisomeanst fdnsther ssenwn

e o ol Sl S ‘v rich
compos! {1 0APBHED 1 PBoRiCe DY of HBc HBuek, ey BrA e Fif bhdbe
tenper at ur gaétﬁ.}&ﬁ rc?laﬁﬂfér,tﬁﬁsséifafcﬁ&fe,d%ntﬁ]]hﬁ éh&{e‘grfﬁré@@&%in%d%%§sure

melted (i. e principal phase is nelted an e anount of |1 quid
phase incr éaged) x 154 @Pa)dshit prodeBsingediamberead it heasuwitedcdy afprebsure

sintered magnet S is nelted and col |l apsed_and thus the asperities
substantially half-digit higher than the above) and the processing chamber
20 is heated by actuating the heating means 3 when the vacuum chamber
12 has reached the predetermined pressure.
[0041])

When the temperature in the processing chamber 20 has reached the
predetermined temperature under reduced pressure, Dy placed on the
bottom surface of the processing chamber 20 is heated to substantially the
same temperature as the processing chamber 20, and starts evaporation,
and accordingly a wvapor atmosphere is formed inside the processing
chamber 20. Since the sintered magnets S and Dy are disposed at a

distance from each other, when Dy starts evaporation, molten Dy will not be

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

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

di sposed on the bottom surface of the processing chanber 20 in a
ratio of 1 - 10% by wei ght of the sintered magnet so as to reduce the
amount of eeitedr affhen By ia theneipantatheepker@t i9rapplied afictint 4 @iurabite rof

t he evaporating material v is Dy, the tenperature in the Erocessing

chanber 20dizgstiens eithen dizerily or Booepeatigs odlisinnst amndbrghemdcta the
1000C, b | Ling the heati . q., t he t t
"o the of ofetarngt CHAMRFITE ToRRetS 28abdsbinshitied tous Japgratire | ©
pressure Oby,kMaWihlly REe 8RRt asltat b9 tRe BPoagordtih ]:?atkrfzﬁgy. ﬁﬁ@ﬂﬂ}he Dy

n th Ther 28 ingly the

If the tenperature i e processing cha accor

heati ng t efipdhatepprodtnidspheratiersgphisgnaid Shesed ed eSO Eace BE the
velocity of diffusion of Dy atons adhered to the surface of the
si ntered naigpetedsmagnet Shehajr han beowheated phibe samer tamperadure as jthe

th ' i bl . ke t t be. di ff d d I
penct 1t edeTHG2BRE BALPTAb AT DRGSO SR Qe EPeh SRAGHELoF O
before t hepdmiafid édgltiéit%ﬁé.or'f‘ﬁé’ a%eféa?n;%f @iffsOd ifitd b %E’aiﬁaﬂélﬁida%r .

On the ot her hangl, e tenperature above 1050C, the vapor press
of Dy incrphassofahd siiesed heaghgt & cinereby obiagninmgRoperdh AMEINBE S M,
excessively supplied to the surface of the sintered magnet S. In
addi tion, t(ﬂa‘?‘&lis a possibility that Dy would be diffused into the
grains. Shoul d, Dy ,be di.ff d,into the grains, the magneti zafion
intensity in tAS YFHID| r &al nr@@u%’@d’om?gttﬂ%ﬁeé r"e,mtthﬁ vapor
maxi mum en : t . i Ll I
educed. | LBaYuerd s byiited RAHGATRANED of thi birlehR ke RLES o ap i lorm

phase bef oaeDy Neyddy(thin filik) I, ithe fsairfiRe oBrihé iRrolimkac engindtd will be
sintered magnet. S, the ratio of a total surface area of the sintered.
magnet S drepaskablydeteriorated (svafageingughuessrbachmeprwersesedpcaaadalt
20 to a totgl surface area of th aporat i terial, v in bhulk form
i sposed ofl I plEHeb R the Dsomat 1S peas adfietry hane deveniatton 6he' o
fall in a 10-4 3- 3. r-af | tiher e
range of 15@1[}%59_ g?tﬁﬁxsfgﬁ%géd Itnl%giri%tlg’feﬂégaé(gdé}ﬁ ’e(rﬂéga h%dtrillla?%}][ trEﬂg"i Eémd

formed on Hbgositedl @f; ahefsurfiRe dfrthe rsbitef@l Atigndt Sthat s BeRChemBE Rb
magnet havi ng high magnetic properties cannot be obtained. In this

case, the awestentiaBythpedmetémpetabiite guengmabtessing getwi mplted andablpe

O %1% B bbby AL, S0 B 00  USor 3 Sl b et ©

the sintered magnet S. As a result, the magnetic properties cannot be
effectively improved or recovered.
[0043]

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

of the sintered magnet S is melted and collapsed and thus the asperities
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[00471 According to the above configuration, by |owering the
vapor pressure and al so by reducing the anount of evaporation of Dy,
t he anobunt of supply of Dy atons 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

di aneter of the sintered magnet S within a predeterm ned range, the
di ffusion speed will be accelerated w thout being influenced by the
remai ni ng carbon inside the sintered magnet. As a result of conbined
ef fects of imdreasshova, additiony Dt exsessighlyr penqtoatendnsuthe@raiys tagether

sintered magnet .S can be effi.ci ent di ffused.into the grain boundary
Shase of t NOUE ARECamAHghat LEuRbphiss Rk HGL O s R R0t

By 1 ayer ( (R bepitfuedl” BRECaHaity SxBIMAE Phe"REAor S BRherBl 414, @
M can be preMBsat Ravdre@m deteriorating on the shrface t hereof, and Dy

can be restrained from being excessively diffused into the grain
boundary nebB044le surface of the sintered magnet. In this manner, by

e T
e 001 o8Bl 4053 50, Ay Cap VABEISHAR B e

there can RgsolibpédeathratiRe boRORANSuriRe Ttthd prbédssin@othareler20 id Bi flfiond
work and that is superior in productivity. [0048] As shown in

FIG 4, whehlt-hd0% hy eveighimelthet siBtéred wagmat sonaotarebeertbd amount of
configuration by a wire cutter, and the like, after havi

* manuf act ur CHAPHSLIPAICR GRRIAND SMBPTHTEFG: d IRerfiition, Wi B £6S sveperasios
where Cracka Qe ik hy Bie Mitbmull 61! SiblRPL LRSLRAL 28U b

surface of st ntered ‘maghet, resu

deteri or at irghgd Ibf t40D° CBYNEIG0CCP pe@ofiHle sodosee~ Fl (80°¢( dy) cortRyIEnRer theby
executing the above-descri bed vacuum vapor processing, there wll be
fornmed a Djenfing mpease 3da.g.hehemshddemperdtare imdks pobcashmgyelmbemisar

the surfac sge FLG_ 4(p)), whereby the magnetjzation intensity_ and
coercive f@péeéé"r 6&&9\(@?@3@ @cﬁg%por Prass ?% Eo‘)’ﬂﬂa% ag@’%la%agg
to the neo m_grgi@g of the prior art because a neasure to prevent
corrosion of the magnet is required. However, according to the
present invgphssIn, since Dy-rich phase having extrenely higher
corrosion resistance and atnospheric corrosion resistance as conpared
with Nd exi sts Ibrthe hemperiatercoin cdheciocessing athzsnhera 0t aecadiigly ethef

the sintered nmagnet and in the grain boundary,phase, it i ossi bl e
to obtain ileaypgstﬁmer%ﬁaf tﬁaﬂlﬁgr %ﬁsr@ A® gﬁf}@bﬁé%?,& e velocity

resi stance : ri ' Si ' [ p

Furt her mor & CUFAY RSP PR GrRARRE R BESERARE (b KMol B pto
the sint er ¢He FRSIRSoundaf phhbeiLratarddd. | M B Rk akdpoSsibRMROMARe the Dy
containing Coin the grain boundary phase of the sintered nmagnet S.

the netal atomstobeDyifusds andhbmogereovshyf peiadmatiey itd thesgrdin boundary

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

the remanent flux density are further reduced.
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[ 0050] Finally, after having executed the above-descri bed
processing for a predeterm ned period of tinme (e.g., 1 - 72 hours),
the operation of the heating neans 3 is stopped, Ar gas of 10 KPa is
i ntroduced into the processing chanber 20 through a gas introducing
means (not illustrated), evaporation of the evaporating material v is
stopped, and the tenperature in the processing chanber 20 is once

| onered to, e.g., 500C. Continuously the heating neans 3 is actuated
once again and the tenperature in the processing chanber 20 is set to
a range of WBBE]- 650C, and heat treatnent for renoving the strains

: Eelt E‘ge‘??LUZ‘”? Sirbg? o toatioS G TpfoEa ety hGBEY FRGoP Seflrpi e, DY
co0 2 SuCpi AR Yl SR e FEREAR o he Rk lE ahBlpsing e i 86"

present inysgi gmaceaal%saﬁthetsmrerémma@asﬂsrm%s@a oarth@wmx@ grild i ch
Dy is used as the evaporating nmaterial. However, within a heating

t enper at ur i thageotessiegn gbambed HICto alﬂﬁﬁb)surfhce rm'esmft‘dreedva]mgal’ﬂngs
that can accel erate the di ffu3| on %tfl ocity, Tb that QW i n vapor
pressure chftpaal¥ca bk frp dispes IOBytb@f Wranﬂuhpe this PrRGEssIng ¢

havi ng  shance,2f ip e S APEAE'L PETLET oZaon 12500k 1ty

havi ng a sna specl ce are S us I n or

amount of eyaPeh&irhRBe AF 18x CRFt &l N xt BIED EhfeUA1R: cddR¥aVitdre MMhROHIm is
being limted thereto, it may be so arranged that a pan having a

recessed skfaped oncthes susfacd lofrthessidienpdsmdgheis Sdent hthusox pamtar2htt o
contain in the gan t he, evaporating material v in granular form or
bul k for m Mmagae vw@dmahnglagﬁétls ﬁé%ﬁefrﬁés sappeicke ab@aned -n TgHhis case,

o L 12 R VAR TBA  migha HhRRa F1bif 50,
the enmbodi senys Pfanﬂhﬂlé)ra%%eé"debéfm Qe ¢F esCIg-Pt tON Is&aaobei%nmore
preferable.
[0047]

According to the above configuration, by lowering the vapor pressure
and also by reducing the amount of evaporation of Dy, the amount of supply
of Dy atoms to the sintered magnet S is restrained. In addition, by heating
the sintered magnet S at a predetermined temperature range while
arranging the average grain diameter of the sintered magnet S within a
predetermined range, the diffusion speed will be accelerated without being
influenced by the remaining carbon inside the sintered magnet. As a result
of combined effects of the above, the Dy atoms adhered to the surface of the
sintered magnet S can be efficiently diffused into the grain boundary phase
of the sintered magnet S for homogeneous spreading before getting adhered
to the surface of the sintered magnet S and forming a Dy layer (thin film)
(see FIG. 1). As a result, the permanent magnet M can be prevented from
deteriorating on the surface thereof, and Dy can be restrained from being
excessively diffused into the grain boundary near the surface of the sintered

magnet. In this manner, by having a Dy-rich phase (a phase containing Dy
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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 evaporati ng
material v at different tenperatures, an evaporating chanmber (another
processi ng chanber, not illustrated) may be provi ded inside the
vacuum chanber 12, aside fromthe processing chanber 20, and anot her
heati ng means may be provided for heating the evaporating chanber.
After having evaporated the evaporating material v inside the

evapor at i ngn ¢hamxbege of Be~ @04 dnathiengyam benndaryphaset iwed bypdiffusing Dy
at nosphere y.be_arranged tod%g supplied to the sintered nmagnet

i nsi de t he°Bloliedbe mer apd 28 the siréaresof; thingring: the mrgnetyation

whi ch co j - OC i chanber 20 and,t eyapor aty n
chanber _t odNeRalHs BrfdBeRin Bip Afk CRAMEL AlpAMy o SUPERRAIALH can
mat eri al vk Sobineing RyaRdkat inﬁ‘%r?éiamﬁ)%atnﬁéqu%shﬂ@tfﬁﬂsﬂiﬂgawbﬂ@QﬁdOf
700C - 1050C (at the tinme of 700C - 1050C, the vapor pressure of Dy

wil | be abthat isxsup@ridr in prod¥ictiPty. At a tenperature bel ow 700C, a
vapor pressm@ﬂi Il not be reached at which Dy can be supplied to the
surface of intered magnet S so as to honogeneously spread Dy

into the grain boundar e t hg other hand, i ase the, .
evapor ati ng. mdr ERny tnCFRE4, Whely ool Bemet s Foy bRE dateed
in a rangedpfir&PO0Lonfightatibn By a tpiBeLaiidre Al ANe90e, hher VRRGH
pressure will not be reached at which Th atons can be supplied to ghe
surface of mdamfsctmired €k abgrecdesSribei sinterat mapnbiaBiheat ase tasgaeriairer e

above 1150C, Tb will be diffused into the grains, thereby_|owering
the maxi muFaskeragsunindhe graing Vhich, aeathenprincipgl abass oy theopslee of

inwni cn vEnsufiobeds, SEELEPhyeRE Thc B, p 2o PR GARCPRRGHR), b G8R°

i n which vacuumvapor processi

hi gh produgidadetit- phlBpertiddVvel@bd OFIGaN48)F0 DeJRREL €thyt Ockdd@tinds &hin
whi ch a permanent ‘magnet is obtained by causing Dy and/or Tb to be
adher ed t oabbree-descikibed wicumine vepot ereckssimgn eheref wildtbesfoemedby Ilwgrinly a

known vapor _deposition apparatus or a sgutte_ri ng ap&?ﬁgat us, and
subsequent PRags opxtdeusHie of theuciasks pf dhesmping ReprcHigsanelnee %yeam}-or

phace of -t A Eeaplh e FisheRfa ot RSk abA paS T B AR bt on

step). A pe[foppgnt nmagnet of high magnetic properties can thus be
obt ai ned. [ 0055]
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
a4 permanent magnet having extremely high corrosion resistance and
atmospheric corrosion resistance without using Co. Furthermore, at the
time of diffusing Dy adhered to the surface of the sintered magnet, since
there is no intermetallic compound containing Co in the grain boundary
phase of the sintered magnet S, the metal atoms of Dy, Tb are further
efficiently diffused.
{0050]
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In order to renove soil, gas or noisture adsorbed on the surface of
sintered magnet S before Dy and/or Th is diffused into the grain
boundary phase, it nmay be so arranged that the vacuum chanber 12 is
reduced to a predeterm ned pressure (e.g., 1 x 10 Pa)through the
evacuating nmeans 11 and that the processing chanber 20 is reduced to
a pressure (e.g., 5 x 10-4 Pa) higher substantially by half-digit
than the pressure in the processing chanber 20, thereafter

mai ntai ning the pressures for a predeterm ned period of tinme. At that
time, by actuaFimajlst redtdrehaiimg epeoused the rabovasiederibdd pmecassingefri ag

Rt T [ N T T T G Y
fol | ow b , I i
ol ow 1o BEARRSIRRLe Tl MR ot e B PR SETBEAAAG SARPIAL S

pl asnma i nspefebdifg \chambercIBihRiugh2a igas Aheddegandand (het illwstidied),
processi ng inside the vacuum chanber 12, there may be executed a

prel i mi nar gvaparetiesiof ghefeveperatingymaterialy finstopped; hed shettemgeratage et

S by plasna. |In case.the sintered nmagnet S and the evaporating
material vihFRe BIOSpHERE ChAMDRE 20350 ?gfe*é%rgﬁrtg. EEarmyBrC20ContiRRowHY
conveyor r | i r.12. and the {id
art 32 megb el iBeth e BORE et d Bt e S SHAHS 1600 Al 0 cht
cl eani ng hagodegdfig CeHEMBSE B0 i Q8P Eb a radpdr bhas0PO thesEhoghdraiat of
the present invention, a description has been made of an exanple in
whi ch t he bheetientyfi? remmvimmnthe stréios ibyhapenmangnt imagheths saxec@2d do
an upper sigrfﬁ\ce,of t he box part\éé_. However, if the _processing .
chamber Yrdhors AMPTRYP O oRFIONEr uerareva ndvgse- 12 madlye dhep procssting d

chanr 12000 HoRLER R Pl Slfe PRI AT R kP Seilabl By BEH 1 o

exanpl e, abb@y 2hawdies dpuFeHe Wasushthahfdrm@gnet S into the box part
21, the upper opening thereof may be covered by a foil of M make. On

the other hBEMIBllit may be so constructed that the processing chanber
20 can be hernetically cl.osed inh_ the vacuuym chanber (12 so, as ,to_be
mai nt ai ned at ”ﬁnﬁﬁéﬁé@@m of rihesprasent, ysatgBn @ desarmtiop, hag heen

cmount of BARCR &8,pengbla 1% FARLCDS TR0 s the, BBl nlsbedilt

he. oxygen Comt oo O R e B oo Dol au; 600

ppm pr ef epbithieysibtEred 200Gt Fpthataad avcaerate she dififisjiot eblweity,0DO thets
low in vapor pressure can be used. Or else, an alloy of Dy and Th 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.

[0052]

In the embodiment of the present invention, a description has been
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[ Exanpl e 11 [ 0059] As a Nd- Fe-B based sintered magnet, there was
used one whose conposition was

20Nd- 5Pr - 2Dy- 1B1Co- 0. 2A1- 0. 05Cu- 0. 1Nb- 0. 1Mb- bal . Fe and was fabri cat ed
into a rectangul ar parallelepiped of 5 x 40 x 40 nm In this case,

Fe, Nd, Pr, Dy, B, Co, Al, Cu, Nb and Mo were fornmulated in the
above-descri bed conposition ratio to manufacture an alloy of 30 mm by
a known centrifugal casting nethod. The alloy was once roughly ground
in a known hydrogen grinding step and was subsequently finely ground
by a jet nindde ofhengxiangilagnswhieh theesiebyredbhagmétng aand thd eyapaatimgal
powder . [0060] Subsequently, this alloy raM/neaI owder was

agi t at ed bynafggahy weng ‘HSPHS;@ r}& ﬁh&tnrecefﬁntg gmmbey, 2, flowayer i order

| ubri cant tl [ bas Q fatt c:| d tal,ysalt
ubri cant; eBabR] ol fhs "GAReA RAILS AR o kel nRb Rl 9%k
pressuri zi gefféae KmpOmRLRSS! 8A @h?bﬁ%d@ac‘&,!a%erar@nmrf P HRAsimiat O
a predeterm ned shape in a magnetic tield (formng step). The nol déd

body t hus mhambaemmwtwwayrbeapmd msnd&athmga&wmadmmbnt has
si ntered under tpredet erm ned Coﬂdgng ons (sinterj ntghste . Inthis
case, by og@fide Fomgthenprocessmeghambgr 200 apf angthy ?aftgn%w&mamay be
si ntered magnet obtaipned . in a ang of aver rain size

o 10 preetnad OF e AR chfe Bab R thndo0 AR, Hhfnd,fRRed,
average gr g e%ﬁ(ﬁaﬁhgtﬂiQteiia‘]tveﬁﬂﬁie'%%p\ﬁ@a?uﬁ&)&]i’éxﬂﬁgr tBé ePapHAYin3d
etched the surface of the sintered magnet, the surface being

per pendi cumzatetial whia ﬂmgvrﬂiarcataiqsghammagh beeatrianged ito be sathedtto the

nmet hod by dra U%ig 10 rando I|nes on_a nicroscopi.c conposition,
phot ogr aph Siytetrslipagnet meide theprocsssing sharabrpsl Brough Bepmmupinwting

vapor proc at I NRNe obtai n b
t he above- ﬁég%}%%b Vgﬁ)ﬂ?zglcu m vap%ragegsro sél}?ggs(%m\ét%‘éﬁ@% 56 %p %]t?es
of si ntere@vgg&@gl chaviic® tdpsmesed on the bearing grid 21a i nsi de
t he box body nmake at “an equal distance to one another. In

addi tion, a$0®38] evaporating material, there was used Dy of bulk form
of 99. 9% purlt)i and a total anmount of 10 g was_di spgsed on the bottom
surface of theiprduesspg il therisvaromting aatepal 4 ds dPy. nthe ﬁ@aporatmg

P 0.4 P PERDR, pAChy BTG IORE: o 3000 obie (Rt e o0 5
Pa) and thgoheat, kg ¥R Pratdiie oDy R@nﬂfemlmmmmenoz@aby Abg

heating means 3 was seét to 950C. After the processing chanber 20 has
reached 950&mparatenpbelatu’@)°C, kevalvopresase mntlatbtﬂ:reomashedl gt wddch Dy

executed in this state for 1 - 72 hours. Then, t treat nt was
execut ed f(ﬁ?nréﬁnﬁi‘li’i&l%éostth%l prarfage tqgeﬂ&ﬁar%??éﬁ i 0t @ sto
case, the

Ii'l% ogeneously spread Dy into the grain boundary phase. On the other
hand, in case the evaporating material v is Th, the evaporating chamber
may be heated in a range of 900°C ~ 1150°C. At a temperature below
900°C, the vapor pressure will not be reached at which Tb atoms can be
supplied to the surface of .the sintered magnet S. On the other hand, at a
temperature above 1150°C, Th will be diffused into the grains, thereby
lowering the maximum energy product and the remanent flux density.
[0054]

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

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

productivity. This invention can also be applied to the case in which a

22



treatment tenperature was set, to 400C and the processing tine was set
to 90 m nutes, and the nost opt| nmum vacuum vapor processi ng time that
can obtain the hi ghest magnetic properties was obtained (i.e., the
nost optinmumtine for diffusion of Dy). [0062] FIG 5is a table
show ng average val ues of the magnetic properties when the pernmanent
magnet was obtai ned under the above-described conditions. According
to this, when the average grain size was bel ow 3 pmor above 9 pm

t he nost optimum vacuum vapor processing tine was above 8 hours,
resul ting permmmntvmagm isiobyainkd byamuaingddpendeeTh twebe adhardtthehe
average gain si ze aboveg pm the coercivye force cannot

ef fecti vel §u1g‘gcq dsm@qe h@a&’-ﬁbr(ﬁﬁ%&te by Pﬁ’é‘ga\?erkd@@"br‘@mr

si ze of th S ti m vac
vapor pr oc SR %@%@% gty ablifrafRE L oRR' ERPYRE by
was obt ai nggbcatiR@r AFRRAN W@émy ﬁohcéusehtﬁéam@eah@/oprwaahbf‘eﬂ WﬂQﬁ@
maxi mum ener gy product was above 51 MXe, remanent magnetic f
density wasudbhmve Hetdifused mmjthdlgramdmunderyf phase uﬁetd;leamﬁmedsmdg’met
[Brief Desgription ﬁf t he Dr awi ngs] %0063& FIG 1 is a schematic
expl anat or §¥ H20g G S%F’éﬁ?é%@%@éﬁe $eCOR %@W)naﬁeﬁerm«agﬁ@t magnet of
manufacturg i n_accordance vmth s}? v.ent | FIG 2is a

feh e BB

schemati c ti’i”’f?f(%ﬂﬁ? ﬁ?lb tgbrbe at us for executing the

processi ng Rj055r,| S invention;

In order to remove soil, gas or moisture adsorbed on the surface of
sintered magnet S before Dy and/or Th is diffused into the grain boundary
phase, it may be so arranged that the vacuum chamber 12 is reduced to a
predetermined pressure (e.g., 1 X 10-3Pa) through the evacuating means 11
and that the processing chamber 20 is reduced to a pressure (e.g., 5 x 10-¢
Pa) higher substantially by half-digit than the pressure in the processing
chamber 20, thereafter maintaining the pressures for a predetermined
period of time. At that time, by actuating the heating means 3, the inside
of the processing chamber 20 may be heated to, e.g., 100°C, thereafter
maintaining it for a predetermined period of time.

[0056]

On the other hand, the following arrangement may be made, ie., a
plasma generating apparatus (not illustrated) of a known construction for
generating Ar or He plasma inside the vacuum chamber 12 is provided and,
prior to the processing inside the vacuum chamber 12, there may be
executed a preliminary processing of cleaning the surface of the sintered
magnet S by plasma. 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.
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FIG 3 is a schematic explanatory view of a cross-section of a
per mmnent magnet manufactured in accordance with a prior art;
FIG 4 (a) is an explanatory view show ng deterioration of the
surface of the sintered magnet caused by machining, and FIG 4 (b) is
an expl anatory view show ng the surface condition of a pernmanent
magnet manufactured in accordance with this invention; and
FIG 5 is a table show ng average val ues of magnetic properties of
t he permanent magnet nanufactured in accordance with Exanple |la and a
nmost opt i nué®8&kuum vapor processing tine. [Description of Reference
Nuneral s and Characters] [0064], 1vac¥uEn vapor processing_apparatys 12
vacuum chanber 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
other hand, it may be so constructed that the processing chamber 20 can be
hermetically closed in the vacuum chamber 12 so as to be maintained at a
predetermined pressure independent of the vacuum chamber 12.
[0058]

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

[Example 1]
[0059]

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

mill fine grinding step, thereby obtaining an alloy raw meal powder.

{0060])
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20pr ocessi ng chanber 2box body 21box part 22lid part 3heating neans
sintered magnet M per manent magnet vevaporating materi al

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

[0061]

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

removing the strains in the permanent magnet. .In this case, the heat
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VWHAT IS CLAIMED I S: 1. A nethod of manufacturjng a pernmanent
magnet conpri sing; a first step of adhering at |east one of Dy
and Tb to at least a part of a surface of a sintered nagnet made by
sintering iron-boron-rare earth based all oy raw neal powder
containing a lubricant; a second step of heat-treating the
sintered. magnet at a predeterm ned tenperature to thereby disperse
at |l east one of Dy and Tb adhered to the surface of the sintered
magnet into grain boundary phase of the sintered magnet; wherein
t he si nt er éxpatmgnttermppratyiesl Was sehhe 188G pnd the paacessmealgmegras petsioze

1 t hi .of 4 7, 8 . 2. Th t hod of actyri
per manent  RUGRItER FIR 105t OPHHHIE vapURENEPOF GHBFS Sty ime that cin™
i SPOSI NG 1ol B4 kot BEetl e REAGES At PG TD e ek L A

t he sane; eat i ng an evapor g material containing a one
of Dy and Thme tdraliffusiparddDy)g naterial being disposed in a sane or

anot her processi ng chanber;
[0062]

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

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

FIG. 1 is a schematic explanatory view of a cross-section of the
permanent magnet manufactured in accordance with this invention;

FIG. 2 is a schematic view of the vacuum processing apparatus for
executing the processing of this invention;

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

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

explanatory view showing the surface condition of a permanent magnet

manufactured in accordance with this invention; and
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causi ng the evaporated evaporating material to be adhered to the
surface of the sintered nmagnet by adjusting an anount of supply of

t he evaporated evaporating material to the surface of the sintered
magnet ; diffusing at | east one of Dy and Tb in the adhered
evaporating material into the grain boundary phase of the sintered
magnet before a thin filmnmade of the evaporated material is forned
on the surface of the sintered nagnet; and then executing the first
step and the second step. 3. The nmethod of nanufacturing a pernmanent
magnet accor di E§Gt b is @l table ghowingr asiemagdvalsies vé megnetigmevpentibstdfahe
evaporating material are di sgo ed ah a di st ance fr_ﬁ_b ach ot her.

4. The met REXMEFTHaMAREL JPARBIASTHEH i 8fftoT wi 1% aadap m
2 or clai Myst irﬁ'v&@ﬁﬁ%a&%%gf’%sgn ttnﬁe.am)unt of supply of the
Fral to the surtace or F

evaporati ng na he Sintered magnet is

execut ed by[DedeyiptidncofMeidncs NuthéREe andl Shadhctbg] evaporating
material at a certain tenperature, thereby increasing or decreasing
t he anount bB306hlapor ati on. 5. The method of manufacturing a
per manent nag{pet according to any one of clainms 2 through 4, further

conpri si ng, i or VREUWR{ARYG W%Sﬁ%@ﬁﬁwschamep in which the
chanber and Tai ntAARRROREEDS! Cosur oot hereat o D Oeessing
20 processing chamber
2 box body
21 box part
22 lid part
3 heating means
S sintered magnet

M permanent magnet

v evaporating material
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6. The nmethod of manufacturing a permanent magnet according to claim
5, further conprising, after reducing the processing chanber to a
predeterm ned pressure, heating the processing chanber to a
predeterm ned tenperature and rmaintaining the tenperature thereat.

7. The nethod of manufacturing a pernmanent magnet according to any
one of clains 2 through 6, further conprising, prior to heating the
processi ng chanber in which the sintered magnet is di sposed, cleaning
the surface of the sintered nagnet by pl asna. 8. The net hod of
manuf act ur WidAZ ISeChARMMD dBgnet according to any one of clains 2
through 7, further conpr,ising, after having diffused netal atons into
the grain boundar{1B# Jrmhalichiring adCHRGRENt MAZBEEQRRF NG

{reatment to ' STRME SR & hdlhd SPIGRSE SROGADYTRANT (8 T ERBLALHGS

| ower than the said nperat ur A permane magn

sintering khffacdef QRIARES] Bftighdt ResRIbP binddrih g\ dFEBéroRAWES karth based
containing a lubricant; adhering at | east one of Dy and Th to at

| east part atlby sawuméaqmvalerzontmnpregeallulaipast; whi ch i s manufactured so
as to have an averag in size of 4 pm- 8 executi ng

. d
heat i1 eat mont ACCRRG PR %ﬁtﬁé‘%ﬁtlféﬁwﬂ@r%}flﬁerréﬁ%aﬂ]%ataﬁ Prededermmgdot
>y and b 3ARELaRuES o Bie ML AE6BL AN HCLP Dy BN Y hdndtel'ddSBE
0] sSin gnet.

into grain ndary phasé o ered na
surface of the sintered magnet into grain boundary phase of the sintered

magnet;
wherein the sintered magnet employed is manufactured in an average

grain size within a range of 4 pm ~ 8 pm.

2. The method of manufacturing a permanent magnet according to
claim 1, further comprising:

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

heating an evaporating material containing at least one of Dy and Tb,
the evaporating material being disposed in a same or another processing
chamber;

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

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

then executing the first step and the second step.

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

disposed at a distance from each other.

4. The method of manufacturing a permanent magnet according to
claim 2 or claim 3, wherein the adjustment of the amount of supply of the
evaporating material to the surface of the sintered magnet is executed by
varying a specific surface area of the evaporating material at a certain

temperature, thereby increasing or decreasing the amount of evaporation.

5. The method of manufacturing a permanent magnet according to
any one of claims 2 through 4, further comprising, prior to heating the
processing chamber in which the sintered magnet is disposed, reducing the

pressure in the processing chamber and maintaining the pressure thereat.

6. The method of manufacturing a permanent magnet according to
claim b5, further comprising, after reducing the processing chamber to a
predetermined pressure, heating the processing chamber to a

predetermined temperature and maintaining the temperature thereat.

7. The method of manufacturing a permanent magnet according to
any one of claims 2 through 6, further comprising, prior to heating the
processing chamber in which the sintered magnet is disposed, cleaning the

surface of the sintered magnet by plasma.

8. The method of manufacturing a permanent magnet according to any
one of claims 2 through 7, further comprising, after having diffused metal
atoms into the grain boundary phase of the sintered magnet, executing heat
treatment to remove strains in the permanent magnet at a temperature

lower than the said temperature.
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9. Apermanent magnet made by:

sintering iron-boron-rare earth based alloy raw meal powder
containing a lubricant;

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

execufing heat treatment at a predetermined temperature so that at
least one of Dy and Tb adhered to the surface of the sintered magnet is

diffused into grain boundary phase of the sintered magnet.
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