EP 0 449 665 Bl Descri ption This invention relates to a processforproduci ng
a bul k-1i ke permanent magnetsuitabl eforuse in a conpact notor with a high
out put power, and nore particularly, BPGMIEESBI to a process forproducing a
bul k-1i ke permanent 5 magnet directlyfroma nelt spun powder of a rare
earth-iron-beegérgtRheri al . The Tesufting bul k-1i ke pernmanent nmagnet has an
excel |l ent demagnetizing force which is resistant to a strong demagneti zi ng
field derived fThnvamiosielaes o eroteasioipradicing albak-likslpkrmandntmagest suitaislerbr useig aedmpact
al so has a hingloreiterhigh owtput maweeane mdre parkiculprly, it extsitesl toeel pracess fodpraduting s bulkiikerermaanent
concey ned swi tegeatditentyfromamelispun powderof ayare parth-ipoherpn méteriab TheresultiichulisHikis pegnanent
t he process @fagedhhas anexceleni demagnietizing far¢elwich isresistant e a piEnya dempghaiiving fipidsigrived from
excel | ent cha&nammature readtiens Thehylkiike m@e&gw glp hap g Righ eperciye forca gndyhhigh residual in-

preci si on andudiiogivhish are eaneqrygdmith animprayemg w@qmr@fmréﬁcw-ngﬁo the,process of
non- equi | i br |‘WF%°P%&“E”“W*%19%‘P"3§%"&B'P&* hevipgaysieree lﬁﬁg’f‘?@ﬂcﬁ’&s‘ﬁﬁ% e B’P"‘E%w'ﬁé“gh
obt ai ned B t"!i'iﬁ"f]"'?kﬂ’?"@ff“f'? eart h- -boron materi

nel t spinni n% t'%'f?‘l"zl s} ip 33‘1"“‘]%@ ?i%ﬁg tPﬁE‘a?Pé'} tec mqu
\F/)\/le'; ngg'; ntcalrjnzl % ofﬁh all wnth msl '3 f'tlo IKi Erlowrhh he ult ng
i nduction_d ig_ L b-sk u B%MrEE btai ed

(3P A 50- &7 Qﬁlﬁa AR e.I, efbﬁ?emﬁﬁnﬂbomr;e; it b %ﬁ'&«ﬂ’ D) B

by such a rrelpgm,gpé,,pmgd;,gts;,m ryd,g&qn;,ﬁo@, powder in the formof thin ri bbon or
flake, it must B@mp |be<&d.eﬁ15us?&ﬂmg€a il btn rmr.mmmwﬁem duadsPioh-Fés-
use I'n a Dt Qire skiteAGPré8ssed, HERVBOHISen laGrieltispiinpwder 6 rhre ArtHAroR BYER Materf s WiiRred
powder negal Iw;tﬁ@yamhﬁlﬂd&uﬁuﬁ&bxaalemagrﬁfﬁfuaraawsﬁcssasaa 61 thélGonfBgGINFIGA Simetastable
Howewer , whentate neylbé degeadad.powder of a rare earth-iron-boron material is
sinter ed 20 Wi Tolsoiud thia poblyrn,agnethoe &s {ixing,a nielt spun powedet teyrplasticalglomiation has been proposed.
char act eri st iTois methedcbmprises the stepsrof: ebaugidg soneitisponpowdes ofagere birth-igp-horen maigrialjsfo the
degraded. To cevity vt grémhite maid; Bdfixng themsit Bt ppwder 1hyi het prepsing with an indiction instingsystdsy
pl astic def ortheeeby caysingplastiedsfonpatiop efdhecnelt spHngpowder tegrther withysliffusien ofiatams gt theyigteriace
charging a n@pweyuhﬁaquwdawa@dmwmapvlhbherperﬁmwﬁ'awnﬁtéiPeA P 1004G7)- ?‘I’Rsfee
cavity of a gf-a‘sm"@epeniﬂqa*mdhepsfxeﬂhﬁq#m" pRY(der. ‘%’Egg BW@P 'Wﬂ'

with an i ndudtyess ahigh degmy of (ationfan besobty g"e "g) Yg
of the nelt Pried a'%i"f‘%“’?‘al"ﬁ}‘ﬁ o P?J?‘“ th'B a'alt"" &

gn
bet ween t e ;g%ggﬂ 28{%3? , kn]mp:zé«gaﬁ%f;%: it s;dct']' °\? étég %3

(JP- A- 60- 1004 %?j’r‘lga
anly p! séa ﬁé&@-{%f mol Pazﬁ h

melt spun po %ésa Slilib

; , the
hi gh degree m ) MEr@bvel fineh %eﬂég
the melt - gpu ﬁﬁﬂomwgfoﬁfmﬂﬂ fustib® l’ledt r & cofibihtPthe foWddrParticles with each
crystallizat Iomar bERBRE [d biHaBas of tRE poariérEBHtiGies db Rét have b Riv pbtdiRialtiergy FiReRATE; inGhis case,
attaining a &hhfd‘i.ras.n.@aitmms&ebraasw fidaditionythe BURUIRb parmarieRtRhgHet piépdied bthEuse
required for Jaga 4 gigbhitdRoldddbs nobiRVEhighkbASion(brdciion. Thdtefdre [thedbbultifg BUkiiRG péfrRanent
after char gi mgaghdbormsanierieatiyitheddshel shspéiniugt be furtherpricebsedbygrisiingt | ng procedur e
for ‘s« one periwd 89f124902 discissay a methall foomanufdetaring aermanend meghetdompiising .gendkating Joule
because t he rhe#tiat ®ptact inpofacte betwemm tlireiiakesrof e dartipFeé allny bytaplying unladal gressuitel temgath-
char act eri st ieeed bgdysof gaidthintflakes Ms@qmg 4 qurrnt thersko, ansh hondingtskld gatheredbody ipterally by
degraded. Nomesbipgeaid thin Brkes frformplasticallying wasmetele- i s sinpl y conpressed in the
cavity of a ol ¥-A41Fg 1§ discosep p metiad for grpduging g rate gagth rgnel comgrising] applying ap A5g disye
applied iff orcﬂ%!'?"f’é" ﬁ\?hbq“ﬁ%faf'ﬁ?" B?\ﬂéP" 'ET‘%"% t h each ot her because

m<

invenf rging

et i o oS £ o e e s e W ﬁ?"@ G s
addition, th ?{"ﬁ"ﬂ H’Eﬂ‘ta éjgg‘ -390 °%"F°%'ﬁ‘8'ﬁ"

. ng the melt ertoa um Ia men eapp au jaxial pre:
gr aphi te gl ala:,qh bl o oA Jcé)o@gi osed
resu Lln? ulyka eb,kaepa %
must be Urthﬂmb?ﬁé?ﬁl o&ﬁérﬂ is r'andheat gﬁm rature
met hod for nagy r@l%'dféqﬂ&l tRAh Y SHNZAI0A te ﬁﬁatiﬁ 'trﬁﬁs?dﬂmgqaﬁ&%t%ﬂ leJoule
heat at cont %&@d&hﬁaﬁ:ﬁﬁ&m&m&afwnﬁnﬁé@k&% a@iirreft id AMbvd Eabd thibyh &le

appl yi ng eni andrebly cueinghs! plastit defcimgtdh htheeﬁeﬂdpdaedweﬂ&fo&ﬁaéréebnm.rénlba}@ﬁﬁm@ﬁelchar.
suppl yi ng a Giderisatin thatthy eiichiodesiile dsicNangin tiode@iioreioa dndnelyiermalcogienbdtivg rham-
maki ng sai d tbetshadelaplsesraideih the ordprd of 10t wigekd p/is thaspecifitresistarics, s the spdeifidgravity,/and ¢ the
di scl oses a mpedfdiedtor producing a rare earth magnet conprising applying an
arc dis- 45 charge to an alloy powder ang carrying out conpression
mol di ng. The process of this Invention for producing a rare

eart h-iron-boron nmagnet conprises the steps of charging a nelt spun powder
of a rare earth-iron-boron material into at |east one cavity, wherein the
cavity is formed between a pair of electrodes which are inserted into a
hole |n an electrlcally non- conductlve ceran1c d|e sub- jecting the nelt



bet ween a pai r of heat-conpensating nmenbers under a reduced atnosphere of
100 to 1 Pa (,10-1:to [err]Torr), thereby causing the fixation of the nelt
spun powder, and heating the fixed mEP044$88§Blowder to a tenperature higher
than or equal to the crystallization tenperature thereof by transferring,
to the nmelt Splwwhep@stifides ahd tefna@hiper@ating idinBsls having the plsla @aiveslarens6d) @ RpaisibikGo
menber s when heat the melt sgun ipswdat indrevesifoindy. This s bédauseiniian thia emouads eursent fibing throaglethy
causi ng t he pleetwtesyaniks tiorJoule heatgendratediethetbbrmalprpengativgleembies carte trazsfarrad wiform-
eart h-iron- biytethe malyspan powsbrar - acterised in thatthe el ectrodes have a
p/s.cyal ué in thin@ preferied-embpdiment, a]plugality of theeleckrisalivabn-epndstive seramia diewrkaving aldgast one
have & p/s. cPajkgf electiodesappesiagkadaip onygach etherfn thindireetion of applyingdhesyniayiplipressure with each of
resi stance, #heceamisgdiesaiacedbe awanay “?;PHH" eomppsating members: if amoid havipg such EP'"?P“&H@
665 Bl Wen @I%\B’P}“’&db'%p%?ﬁ&‘e ensat| ng. nenbers havi ng the
jt(gg)

W“@% mia‘é}g%’f‘a?;;

val ues are use na preferred %dg?eﬂf'@

uni f orni y*® TR ﬂ'eg‘e t@ @Xf\ﬂ%‘ﬂ

el ectr odes v5 us "y §eni ted ol etsm U|r9°fm,%nsrﬁ$..',ou
nmenber s can .c‘ﬁaEﬁ | F it spun po &ra
preferred e z§ ariﬂ%n-ﬁ ot./iff which th
ceranmi ¢ djses g gwkﬂﬁe ﬁ{f’aﬁém nacau; .s%ﬁspr ﬁas%na,es RRbutkon n &
other In thegd bﬁnﬁﬁéniﬂihn&préﬁ% ot e 3 thaf 16 St 1 rhdlal-BiRolord még

ceram c di esz4llom¢%d pRRENRR Producing b Faré)éarthJﬂ&{ n nfQAgR SRR tided Hot R SuBseql Jntp?oo-
nol d havi ng g4l oRhre&Bg bulk-ike PermanenfitdgAdt Blgrintiihg, thereP\DiRdidaBih@prbdictivity; £ a process
product i vi t yfor produdingd rafe@artRifbndbidMagietwhich tdnProRiied IRAKIIRE pepri@@ntiraffdt without degrad-
eart h- i r os- bing tie eradlient ¢hafacteratidsaf MMeltlspih powddrbased fon tha hen-ellilibriamict netadtabieatites (5)
I ncludi ng yt &process (o produlioatrare 261 binh-bararomdgnet( vdich canlSitntianebiidly mévide @rpluralify By bulk-
and t he bal alkepermfanent magnétshavingadensitypolose tb thetheordficel saluel therebyattaining tisrsatie productityl
her ei n seeks asnyocgsses/forpeod(icing resinhpasiedmagnétarangylabensess fpr eroduginga rana partii-ifon-beroryoage n
magnet, bywhnetwhigh p#rlma(ldp 8 pullgike permandnt masngtavingiquite exertienh weaneticoharatenistice pagosd
di rectl yf #onpareduithresinigpded magnets- of a rare earth-iron-bor on mat erl aI (2) a
process for prdH 61" 'a'“?yaﬂ"«?e‘?al"idﬁfsp%‘ﬁ refereesn %;F)f@?mpa
resul ting bul k- '?’%"i?’Fhﬁ'ﬂ'ﬁ'f‘q 2ol ysed in the AgIopes mfm"mgrae

| ower resi duﬁ?’"’" H’ W errranen ne e are
non- pressyr e fsa rar @’5 ki ""T’ake ?’!S@tl"?g'fe p’?%?’ us %tﬁé'f" p°“’d°s'
magnet i - Zat f?m @.ﬁ&%ﬁé“’%ﬁz ané" Fi Sl el 0 "" 94" '°§f“‘.3§ﬂ;u

magnet, whi c ents

bul k-1i ke pe Qﬁ‘éﬂfyu 3\5 &M m(Bﬁrva.ﬁ’;ﬁ wder

(4) a procesggyingk nig 5 Iﬂﬂ.,ea rare e rt oron nagnet |ch can

provi de agbul k neka,e;mmm esmsmiemmstu&se%n @I@/artmasu%ﬁg manmuﬁ oA Wbt
charact eri st bihpa 10W cerdiR fdrcetidt disoRMigH Aeforrbidhtediiantd) $nud Cbulkdikd bdriérehihaghet with a
et ast abl e shigh ifductidn carotbe OBtsiAe floMisudbla®ibll 5l pSwdeORthE Bthériharid| Wtign B8 aMbunt of rare
magnet , whi Csarth@iemantsisiniota tamiStoyth@melvspoiepovderiwill tabe 4 neduzbd saturdtion nbdnetization. Also,
per manent naghebtpgesiure/is anplisl elibeamelt spurcpowvder initise drévesstonibio invéritior becasle @k excéds amalny
at t ai-Ai ngwt hef reve pasthisienents tauséstte formatiunot fizsiss or fIns. ti apekatiinriay produsing aibaik-iikepema-
magnet s; andngnbinagnetyilbheceme diffieultor oduci ng a rare earth-iron-boron mag- net,
whi ch can pr ovifeough the [nplusigniof cobalt inaterd at 2 eertein amountef irennaenseschecGurie ippietief the meit
magnet i c chaFWEPWP%‘E"F%@&é“’@ “29”‘[5&1‘@& weﬂfﬁpqneew rmmmyﬂw@m ROl

I nventi on, ma unders ood erence to the acconpanyi ng dravm g

fol Fi Rraferphly 4% 1& é‘Pe EF‘P °'(?P%W9§?ﬁ
o ) e \i? é% ; §§‘ ;g” e e RS
i nventi on. | [o\fnth |n| 31 tion res€ HBQS.
d H;EEE' r n
I's prepare erl a IssC th?s |£v§§)t%n§€1re§anéet€ﬂmg%%

material . soThﬁa |ro -boron rra can
I i

process of thi g BW%HJ Qrﬂnoimﬁécﬁﬁ ﬁbb%o&?&tﬂﬁé iﬁb’%nt?aﬁ%&h‘%he]ée@ﬂﬁm -‘h&&% ﬁxﬁaﬁﬁz bulk-
el ement s i NClikdGedn@nshk inbdneidwity high BiterdsRna Bikisién &R Bé prbpdrddUlrecti} # powder
boron (B), amonmmbmeaan@eﬂe@fnagn@mw&aansma@adearahlfnehbre&umﬁmrmhe & The
rare earth emeig®BBémpriesdetsn emallyﬁ&mmwwmﬁmiaeadmu&&&dﬁlﬁu@mﬁble1, w atleast
pr as eody 6 U morfelpaiy of eledtiodds 2aalanid2in \, afkea pair BRthdrmal Panipedsatvid@iembay 84 Hgd 8b. The@lectrodes
coer ci ve f or 2am.,aliRby ,are inséitatintd thethmnghnhalks 11, tofameavitias. Theseéledtfodiis alsé fandtioress upgenn
13% t he r eséarndiowegpumeties. Thpsunfages withe elacirbdes P\, @nd2bi. , orming cavilies\areciesinalily soatet aitic €
but also a h# gwrmmmmmm@eaﬁwlecfﬁmM@omum kérdraic diet having tie elentgndet
with a high induction cannot be obtained §romsuch a nelt spun powder. On

t he ot her hand, when the anount- of rare
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mel t spun powcides 2agy and 2b4 , whivh form®a cavibyoaes enated Wigh 4 fayencantaining borbiy nittide powsler (i, re-
t he contact neasingtilpm)dhe magnat$ canclse be retpdsed readiye bashuse the boigw nifride povdenin transferrpd to
does not Ravdhesudemsfthemagngise of tenperature increase. 5 However, when
the el ectrodes '["@ t spuA ROWdSEOT @ FRse 9pth-irensbpmareatarial whick eanibe paed icthia ivention i#mnawﬁ
t he af orenment?¥8 hk"P‘&'h pid S@F'f?‘%" techigye such a&Fé“’E?&ﬂ"‘g fepwiaye, F%Paﬁl%ts'ze of the me

transferred |s§" peleg s ngt partioy Pt the am tPfﬁ'ée m’ °W5I?h
é%{%&“"" é'?’%?ﬂt d‘P"' ?t ‘é“ ah'ﬂ‘?’

a constan s p é?bg(tsﬂ‘F'

of the ne s er, Jo ed n
the ther mal E)B% Lhem sed rsthen& gme u |n raj |te
mel t spun po rog m;c p
crystallizat 'perhd %rfe,wreegrsu &5 ngax/'l' &‘é..ﬁ gthe

causi ng pbAS mltire. itfeh e EREHGHy fn- cﬁnd%&ﬁé‘bd?arﬁ:@&:@hé}a néoeFfB %F(h cofductilty, it
nore. The st fivided MghRRdrml RRcIRRdy by thi BRvENANE turteft dnd héd?ﬁﬁl&aﬁﬁﬁ th\éﬂefe riGhlly non-con-
decrease | n tdagivy berdntisdic i¥ rebih@d R Bhivedkedilo fropeAids $uBls dstRevRal biibok r8SlstérRb, abti Ry to the
densi ty t her qaitispihding’poRdsn avarrehbe, b @xcthernadxish@sh @EMEeN Istrongthast higReAPeratiieq N
t he rel ati ve afiesisw heat @bacdity) Exdifples ofipunatapialv\ibad fof the didctrically ian-dcdndubtive cééifiic dié ihdude
straky r ame Isgalanl whith i$\a doppusite df kitlson hitride peidlundieyvel . However, the current is

applied until tThe inyention will be fustherdiivetiates! by Teferench trth follpwinh exasnples\| but tasg lxaniples are
current is sigtinterfdpd tgrestrictthe ipveptionhat the strain rate becones [err] mmisec

or less, the pressure and reduced atnosphere are still maintained until the
out er surfacéﬁ%brature of the non- conductlve ceramc d| el decreases

Thus, rar® eart |ron boron rra nets hav g excel lent _m |c ch
teristics bage P? 'B'F' Tﬁ?‘t%@?g %ng'ﬂ °f’ '“°'t°d
densi ficati o(i 'e %mr:fqgﬂ}{§ﬁﬂ5(§f ﬁ'ﬁ .e‘ g"

f I
uoe of 3 ol drfe ﬁ 941@,, s e sprngmw
earth-iron- bor ntfe ﬁﬁ‘ uh&liﬂé Gy L&u\.{ee. gb
by use of a Qirfd aessar,m.eAr,a& E@ wéih g'tmajagtmp%d mﬁi\ % y ﬁeﬁk

the cavities flelHBf 40/kBe.THE mm d e &kt Grielt spun powder thus magnetlzed was measured fo be 5. 8
kOe with a vibrating sample magnetometer (VSM).

55 On the other hand, a part of the melt spun powder having the adjusted particle size in the non-equilibrium
state was heat-treated at a temperature of 650°C to 700°C under an atmosphere of argon gas. The presence
of a R;Fe, 4B phase in the heat-treated powder was confirmed by X-ray diffraction. The powder was then mag-
netized with a pulsed magnetic field of 50 kOe, as described above. The intrinsic coercive force of the powder



trodes [err] which forms a cavity are coated with a |ayer containing boron
nitride powder. (i:e., re- leasing filnm, the magnets can al so be rel eased
readi | y, because the boron nitride pdERR449B885BY ansferred to 25 the surface
of the magnets. The nmelt spun powder of a rare earth-iron-boron materi al

whi ch can be this@fighdizddWas mestuRd td 11165 ROP W ENIRElinG ¥anidleiftighetdfitefad (VSM).[Thél resulting
sol i di fi cati oweitepumpoidirie referredito asSa Metistdble rapiaii soiifiaglioh ewdsn irdoatrastvith thdavelt b Pow-
si ze of the rdetihthepomequilivileystates Not particularly limted, but the anount of
fine melt spun pmprgidate &raounts@f the pewdei ic the nen-equilipiumEBatd anditlje raatastable powder were inde-
pref ey gbl y5 s mahdentiyiyeighedsand tharged jptodhel cediins hetweandhecsiactrédes Payn aixiAbor asrstgwein Figure
havi ng” a | ow lcTherelsctvicaliBpn-consretive ceramiaris tchad thouglihwlep it (chaying adiamstegioffiginm; The elec-
el ectrodes i ritodesde:.cant 2pich wetstingprted|intajhe respeetive thraugh heles findo fopmite savities. Aleq, the elge-
JI'S H5501. BExeea nes-cendudtivreerpmicale; 1aand theelegtrgdas 2ay. nand by fopming #e sities werp placed be-
members i ncl dﬂ%’"'? f theanaleompensating mempers 3a-and 3p. 'FW%B""&'B‘PQF’H’@EP" agnets WAN
to Sic, ali‘butp 3‘8%‘*5?”"95?“(9%‘ -phiclyhag besach ’lt,‘btm “ﬁ‘ﬂ?fr?ﬂ‘“’%g tf‘%(?"qwl‘ m

the group corf& |eC Ti N SI nt r| n trrllse o oleo-
m xture. Si ncte %’1"%%% s’éﬂ:{% ﬁ’hﬂ)ohﬁﬁ {"%‘; mﬂ% %s ﬁ,’,ﬁ '

coefficient o
the preventiqy &i’fch ce.-ﬁ“ ie he
ductive cer aryuﬁa lofthb éleén%é?éé'z&, nhab, Ry me .@%adoﬂeg.psrw.auama% .tﬁa layer con-

ther mal  Shoc KaififsHodh AtHAE powdbKHisol the disétricAll hdnecoRBRbtive SIArICYid Vs RIBN LR dyaloVG R therml
resistance, aompdied ers%&&ﬂ%&h&@mﬁ&% righitedn hn SIGCE&EHIB cotfpodith Sdhtaining a certain
t enper at ur es ,anifl ofi¢.OW heat capacity. anples of the materials used for

t he el ect ps cal |Ne)ﬂ@ﬂnlﬁwmmdfmWMUMPa@wwswﬂgfkdﬂ)pé&osﬁseaﬁoﬁﬂaWﬂbeb&mﬂas
COIpr.S;I t e of 2aj.|andab. perbéndickear &b dirbation dofnectihh the ielesteddsivasiappiled lto thepolvder 4 ounder a

il lustrated byduceifagnespiee of 90t 1Ea {10 koctdi® Far). Fhannthé merder b, wes Bubjectedto a ngyi-egsililaius
not i ntended plasma trestment by appiyind aR@vrithgeof 10MMhanipd epulse Hgth-pfi20 msecchetween the electrodes
eart h-iron- bcaaemmﬁrfpraﬂem@mwwmmm theredug@batmadspifere ant pressyre constant, \$eb-
6% of B wés rdequently, HDC kurent of MMQQIW@SWWW@P ﬂ'egpﬁ@r?@ o#"dé?P oRner-
gas, and t herpeadiuiay @@edm%ow thegfegisndes was)afiqwed ferpags thraygh thedruder ¢ bé!d"P!g
of about 50 r’f?%‘é&'%?d?f fromy tl?"%‘fiF i W&H‘ﬁ? E%'"Q ’Be’Eﬂffsa'ﬂaﬁ"‘b%rfB‘l“Pt% ﬁ"

in the form dF %!;‘GH"&R‘?!"’FT '?;V“l"gt ‘f{tﬁ% F “Fti""

o e G nzf@ E‘@E@ o %‘fﬁﬁ

spun powder i {ég*n ggis i
range between, t Bdch th
adj usted par td&iﬂeau méfmawgwm&a.;%rwdh mm&d .

i n‘é
kGe. The ight riyBsbs anﬁi@Mi«' Pbulklié Serfidneht g Hoe Havm"g%&?anﬁ&\“&@i mhi3 h@aﬂb‘?ﬁ :hﬁ%re
was measured doRinb®diractfy FoMm n¥lit plin PowdePsra rdré SarthABRbSon ageialt omet er (VSM) . 55
On the other hatfilie 1ahswIthe r@tbtionshp t&RIekn the Héh-daQNSHRIN pladivd Fetrdnttinallind HeGflrinsic co-
particl e si zeardiva fdrtdof the Bulleiké pbrmahdntiiagnbta bRpatedErditskther tHotwit 8slin@bwdRr in the non-equi-
tenperat ure aibrivrestdtd ontihaiastastableaieltpupipowder DithedagOnhefcite elddidddsmhacs & p/ae vakiie ifi the

[ err . phase iomet biaofiany the treabat compenseiitng nmwenbers baf d gisedhiue jn the order obH0Ff wimod ¢ i the
The powder wepedificaesistanes-(Q10m), 5 isdi spadific gravilyudrd e ib thessgenificiheat{qal¥ICah). b cdndelséem froms
descri bed abdhecTablladulifikerfermanent megnettiavieg dndntinsic gdergiviedo e §r more €2 b@ obfalged
865 Bl thus rfeegyrither shednel{geunpawder indhe nogreqyiiibrivin oy theapetagiaplp malt spup pewdpr Ry ananrpqué
magnet onet er IPREg\gasmefreatmenty| ting nelt spun powder is referred to as a

met ast abl & rapid solidification powder in contrastwith the melt spun pow
der in the non-equilibriumstate. Appropriate anounts of the powder in the
non-equilibriumstate and the netastable powder were inde- 5 pendent |y
wei ghed and charged into the cavities between the el ectrodes [err] as shown
in Figuregl. The electrically non-conductive ceranic die 1 had through
holes [err] having a dianeter of 14 mm The elec- trodes [err] were
inserted into the respective through holes [err] to formthe cavities.

Al so, the elec- trically non-conductive ceramc die 1, and the el ectrodes
[err] form ng the cavities were placed be- tween the two thernal

conpensat ssng nenbers 3a and 3b. A plurality of bul k-1ike pernmanent nagnets
were 10 prepared fromthe nelt spun powder [err] which had been charged
into the cavities according to the follow ng




procedur'e. In this exanple, the subscript "n" was 10, and therefore, ten
cavities were.formed by inserting the elec- trodes [err] into the through
hol es [err] The el ectrodes [err]al soEPAA#E6BR2d as upper and | ower punches,
respectively. The electrodes [err] were nade of a hard netal alloy G5
defined 15 by the specification of Jli §501, or a SICTiCceramc
conposite containing a certain amount The surface of the el ectrodes
[err] form ng the—CauvititsuhatakitnRafiin otrhrtmlfont--8Hin hmatintddm B 342460 1 -

t ai ni ng boron i de the el ectrically non-conductive ceramc
di e was nade o%ﬁﬁ&%%%‘conpensatr ng nenbers 3a and 3b were
made 6f graphi tereatmentsitdm €sas) ani c conpBsite 30Ont ai n6Ag a c8Ot ai n
amount of TiC 20 _Next. a uniaxial pressure.of 20 Moa 10 20 VRa (200
to 500[err] per cross-sectional area of the el ectrodes [err] perpendicul ar
to the directi P %ﬁé”e 8vas applied to the powder [err]

under a réducecbmrmm ulgha% (err). Then, the powder [err]was
subjected to a %ﬁﬁéﬂ ;m;gl gage treatment by appI ying a DC vol tage of
10 V having a pulse n{% nsec between the electrodes [err] for zero
to 90 seconds, pawWder I&!emhﬂg nane-equddddriummosphere and pressure constant.

Sub- 25 ,gequerg.é“eq%purrent of 300 to 3gQglerik,per £992s-sgyfgonal
area of the el ectrodes [err] per- pendicular to the drrection connecti ng

the el ectrodes Was alToOwed t0 pass roug € powder | err] Dby way ol these
el ectrodes fromnﬂﬂ:ﬁmm l‘ﬂu'wbicarrpensati ng nmenbers 3a and 3b for
40 to 500 secorma At er [err] present in the cavities

was heatesd and conpﬁéssﬁéeg’tel d|r ion of applying the pres--sure. The

stralg rate wasbhkained Mwmlng t he val ue of displ acenent of the
powder [err] t e dqaSOwaefBey30 then diffepestiajisng thegyvgl ueyg],
viscosity of the powder [err]was rapidly reduced by heat i ng and app |cat| on
of a constant pressure, er ea € Siral

when t he ¥el ative density of t he pow der [err] exceeded 90% the strar n

rate started decreasing with an increase in the re |ve ensrt
current was sht]'?b'?ﬁﬁm '?tf?és"é"tb?'ﬁ‘i‘ﬂ‘cr“ "éa‘ﬁ’@'lf' H%%jﬁi“

!en
the outer suff ‘f‘ d’F'@aBT"t °té1' 8 §rtp f a:g ° er
die 1 stasrot eg °1 ht‘(’ E%:sfgf'% .

te || i noe ecifi it . Ifl
rel eased TateY .E% éi 3¢2b1 eﬁ'\m nele
14 mm an ing fapﬁ e ind rhtrﬁ.grt penbdti plee
of a rar e ea{ht ér%ﬂ%*gﬁh%m%ﬁﬁﬁ ok SRt abpl :rrg .hamﬁ Fthls heanmen
the non-equilibriumplasm treatnment tinme and t |ntr| nsic co- ercive
force of ghe bul k-1i ke permanent nagnets prepared fromeither the nmelt spun
powder in the non-equi- libriumstate or the netastable nelt spun powder in

the case where the electrodes had a p/s.c value in the 40 order of [err]
and the thermal conpensating nmenbers had a p/s.c value in the order of
Jerr] where pis the specific resistance (err) a is the specific gravity,
and \c/i s #he specific heat (err). As can be seen fromthe Table, a

bul k-1i ke permanent nagnet having an intrinsic coercive force of 15 kGCe or
nore can be obtained fromeither the nelt spun powder in the

non-equilibriumor the netastable nelt spun powder by a non-equi- |ibrium
pl asma treatnment. 45 50 55 6 EP O 449 665 Bl Table 1 5
.hbn-equiIfbriuntplasnttreatnent time (sec) 0

30 60 90 Intrinsic coercive force of a 10 bul k-11i ke
per mmnent magnet obtained from nelt spun powder in the non-equilibrium 15
state (kCe) 8.8 16. 8 17.2

17. 4 50

55



Intrinsic coercive force of a bul k-1ike permanent nagnet obtained from

nmet ast abl e nmelt spunpowder (kCe) EP 0 449 665 B1 : 7.5 15.7

16. 6 17.0 25 Table 2 shows the relationship between current-applying
time, and the intrinsic coercive.force and residual induction of the

bul k-1i ke permanent magnet in the cagapiygere the el ectrodes had a p/s.c
value in the order of [err] and the tmermar conpensati ng nenbers had a
[err] value T THE OTUEr OT [&r1] Where p 30 1S LNE SPeciftrc resistance -
(err), s is the specif ic grassyl anComp.s theCompcific Camp.(err). As can
be seen fromthe Table, a bul k-1ike pgé‘magent ggneh havi Bg s&abl e magnetic
properties can be obtained when el ec- Trodes having“a p/s-c value in the
order of [er™—am=ttrerrat—conpersat T Iy Enrer s iTavr Ty prsTevare i n the

order of [er r/bﬁ.q, waldeVidg a relatively short current-applying tine
accordimmg to S‘hae mithod of this invention. 35 40 45 50 55 7 EP 0 449 665
thermal compen- -

Bl Table 2 5 Ex. 1 np.

Conp. satimg members 10-3 Ex. 12°3 10~#x. 3 Pa6~# val ue of 10
t hermal conpen-_sating nmenbers  10-3 ' Lerr]

[err] err] 15 [err] value of electrodes 10-4
[err] 15 /96 value of 10-3 Current- 20 applying time (sec)

70- 80 30- @l ectrddas00 30~ 25 310~3 IntripgSc coergpocBve force of
bul k-11 ke perma- 30 nent nmagnet (kQCe) 16-17 11-14
9-14 9-17 Residual "1 nduction of bulk-I1ke 35 permanent

8.3- Current- 7. 8- 7.9- magnet (kG '
8.4 . adplying 8.0 8.2 40 Wen el ectrodes having
a p/s.c value in“the order of Jerr] and.thermnal ggngsnsati 28 menber s havi ng
a p/s.c val udime (iR8 der of wes0-68:d 24302900 bedPr79abl e 2, a

bul k-11 ke peraeteiia—titgitabnmiaiim GGGl ntbiagiiB g el 4 Q00 0. 01
nm a hei ghtig‘f .0 ‘[éerr 0.05 nm and a density of 7.68 to 7.70 [err] was
ob- tai ned.

civa force of
bulk-like perma- . _
30 nent magnet (kOe) 16-17 11-14 9-14 9-17

Residual induction
of bulk~like

35 ’ .
permanent 8.3~ 7.9- 7.8=- 7.9~
magnet (kG) 8.4 - 8.0 8.0 8.2
40
When electrodes having a p/s-¢ value in the order of 104 and thermal compensating members having a
pls-c value in the order of 10~ were used as described in Table 2, a bulk-like permanent magnet having an
outer diameter of 14.000 + 0.01 mm, a height of 2.00 & 0.05 mm, and a density of 7.68 to 7.70 g/cm3, was ob-
tained.
45
Example 2

Twenty bulk-like permanent magnets were prepared in the same manner as that of Example 1, except that

two molds as shown in Figure 1 were stacked up on each other in the direction of applying uniaxial pressure

50  with each of the electrically non-condutive ceramic dies placed between a pair of thermal compensating mem-

bers. The bulk-like permanent magnets obtained by applying a current for the same period of time as that of

Example 1, had substantially the same magnetic properties, dimensional precision, and density as those of
Example 1.

Claims

1. Aprocess for producing a rare earth-iron-boron magnet comprising the steps of:
8



Twenty bul k-1i ke permanent magnets were prepared in the SW
of Exanple 1, except that two nolds as shown in Figure 1 acked u
each other in the direction of applyiER®449$688%al pressure 50, ¢ath \“‘“ﬁ\@\“\ _
the electrically non-condutive ceram c dies placed between 3&\ ‘“\\\g WIS TS
t hermal conpensating mem bers: The bul k-1i ke permanent mag wbt-ai ned by
applying a current for the same period Z80l@ 2 as that of Exanple 1, had
substantial |y the_sane nagnefjic.properties dinensi.opal precician_and

density as those of Exanple 1. 55 aing,_ 1. A progess for producing a rare
earthd r od- bor on magnet conpri si% he ﬁ"@?g of 8 EP 0 4%9™B65 Bl Tabl e

25 Ex. Ex. Qonp. Ex.C&np. ExCo8p. Ex. 1
Ex. 2 BEx. 3 Pls. c value of thernmal conpen- satindg nenbers
[err] [err] - 10-4 10-4 15 P/'s.c val ue of
el ectrodes ,é/s-c value 9f [err] [err]

[err] cur Pent - tHefhd] YeoBpdnse (sec) 70- 80 30-60

450- 500 50-70 Intrinsic coer-, aige forecagof bul kiligke perpRra430
nent magnet G$REENS Reqbers 26" 0% 1, o 874
9- 17 Resi dual imeetei-t=-ar—tt—Bti-tciittee—3o~perrrert S=3-
7.9- o 7.9- magnet (kQ 8.4
8.0 ” /oé*.’o" value of .24 40 Wien el ectrodeg having aap/s.c val ue
in the order of ®}@EFFOR@® t her mA0Compend® *ng menBOr's havi nd®a~p/s. ¢ val ue
in the order of —feiid—siiotisod-as—describodinJablgmr—a-bulllike -
per manent magneé‘ gg%gg an outer dianeter of 14.000 0.01 mm a height of

1 : ,
2.00 0.0 mm ensity of 7.68 to 7.70 [err] was ob- tained. 45
Exarglle 2 Twent3ppl¥ingi ke per manent magnets were prepared in the same
manner as thatofy a?ﬁé 1, excopi.diat t | ds 48@.- wn | BgEbgure 1 were
st acked up on eac‘ﬁéo e§)i n the |réed(;|tior$u§.fswzzppl yigngsegi axi aP grgessure 50
with each of tHE EBrectrrcar Ty Nnon-conoutrtve ceramc ares praced perween a
pai r of t&ernul 180888508t édar+EM bers. The bul k-1i ke permanent nagnets
obt ai ned by appé%i ng ‘ﬁ %rtﬁ nt for the sane period of time as that of
Exanple 1, had \Sgtﬁ 13| € the sanme magnetic properties, dinensional
preci sion, and behk+likespermae of Exanple 1. 55 dains

20 nent magnet (kOe) 16-~17 11-14 9-14 9-17

Residual induction
of bulk~like

35
permanent 8.3~ 7.9~ 7.8=- 7.9-
magnet (kG) 8.4 8.0 8.0 8.2
N
When electrodes having a p/s-c value in the order of 104 and thermal compensating members having a
p/s-c value in the order of 10-2 were used as described in Table 2, a bulk-like permanent magnet having an
outer diameter of 14.000 £ 0.01 mm, a height of 2.00 + 0.05 mm, and a density of 7.68 to 7.70 g/lem®, was ob-
tained. '
45
Example 2

Twenty bulk-like permanent magnets were prepared in the same manner as that of Example 1, except that

two molds as shown in Figure 1 were stacked up on each other in the direction of applying uniaxial pressure

80  with each of the electrically non-condutive ceramic dies placed between a pair of thermal compensating mem-

bers. The bulk-like permanent magnets obtained by applying a current for the same period of time as that of

Example 1, had substantially the same magnetic properties, dimensional precision, and density as those of
Example 1. '

Claims

1. Aprocess for producing a rare earth-iron-boron magnet comprising the steps of:
8



1. A prdcess for producing a rare earth-iron-boron ma wg‘“he
steps of: 8 ,. charging a nelt spun powder of a rare wg\ “

material Into at |east one cavity, wEBP&4IFSER1J cawt%ﬁ ot metl Bet ween a
pair of electrodes [err] which are inserted into a through hole (err) in an
el ectrical ly non- canalgifg 4 meit span Fowidér ofla Rire( ehyth-ircr-tidron Griaterig) irficbdt thastdhd casifWherein
powderto a non-saiicavitysrforensti pdtasana pair sfalecwddes (2af, 2i8. Jayhich prerigseded.intd a thiraugh bole
pressure of 20 (¥Paintan els€iricdRenof-2@dudtice deBdfadie(l);t 0 said nelt spun powder in
the direction conneebjedtiop midimelt sjus pawdedesndnrendlitpus plasmadtevieent. whilpanplying & uniaxial
heat - conp&nsat i pepsyre pft28 MPa foi@ MP3 (200 tah@@kgf/em?) todaid meit $pun pawd ¢ diregtion eqnpecting 1
Pa ( e\r’ ), ther s eleghmdesigterppred betweaniapair effheatgpmpenating ragmbars undep# ppduced at-
heating the fi xeesphres of 180701 Pp (i 100 Tem: therphy catisipa the Firatiprof spihmeltsp EP&’Fe"HS‘d
the crystallizati orl‘efté‘PrF"eﬂéﬁdaPlﬁ?Pé“ E‘?‘f@?’é‘b‘?“’ "%‘?’%H%'Y‘é‘f‘?‘\%@q“a‘ttﬁh%‘é

spun povvder Jo?ff”é"'ﬁ@ eof In said thermg|

{her eby éai‘.s.ﬁ?a o ”8}?!.’3 Hfg.:v"“% of ﬁhé’%l%ﬁgwﬁ’ W?zgz,gmar

c
rare earth-iron,hof ha% uei.? i wﬁe@é sFﬁL #rQ ‘3%%
p/s.c value in os{]ét% 39 ct ensat

have a p/g.c va ue hi& o er o err] Wnereprsthe specrfrc

resi st ance 3. t AprocaBesdcbrifg ©cRiN 1, Wherdin @ plurality ©f saRicfecirically héhedondudtive deranfic dles 0]
process accor d| Waging &t eabiing palr, of wa@iotds {265 21) latrstilokekd yip o1 et bitlerdr the Hirettiva lof 4pplying
non- conduct i ve saruniaxial peisasse ith)eabteofisaig cartmit diasplaced betpesinra palr otthermblrcomppsting,
2b) are stackedmembemi(3ed)h other in the direction of applying sai d unr axr al
pressure Mllth each of sal d ceranic d| es Iaced bet ween a pair  of

conpepsat i ng® °'a' %q °§%‘& P‘%"@ ma "?!I( 13°Qt°
wherein said r ?'ﬂh@%%ﬁ'{’ i"ﬁﬁ‘f r° iy 9! 6“'}_’8'@" » ahd
rare earth ele 0% to 20%.of cobalt (Co), 4%to
11% of boron (B) and t he bal ance of Iron (Fe) and inpurities. 25

Pat ent ans$r u?kbgmlns\(g;’lj ahren zur -Herstellung eines Seltenerd-El sen-Bor
Magnet en, man_ el n schrel zgesponnenes Pul ver eines

Sel t ener d- El $engdi@rred Rl RbrkBlufig bifbs BhiRA&GS ERGSBA Magheld, HottidM nfah! | T, 30

wel che zwi schengigidipBideamhnentsPuiiveéhdl sbidferd-Eisend ¢ Metealgh rih@Ntdnd Bihe i8Hiung Fte
durch ein,_Loch eldhe zwisdhBn EheRiFaaiiaiirbden 2t . 2b C M bushebiidek ish) i @itcH<eh @k ] Qlimeided)
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%  Revendications
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