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Cur ves péyentdge amoti the siditiofial Gemerthdiae tatrhe aname Relance het‘ 'B'G -i*,'!fﬁ ithe
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itioh), CHoWéi/éP Nth& Ubéﬁ of MB lagigg ftl@itmEQ ac@drdﬁ% to thB®resedte
appVi esmvardioh efultRdsRdbsts eurttermtcrrm pl @mpogtivet of 0.2980% R.c 13-av3Ps/ RV % Bapkthe t o

t he & bam¢e Beingiiteishows 8 MidEmy max excending 39 M "'36'5| t
NGOR gﬁgﬁ AL de un st eveﬁ%&gt%ﬁh@? g?%gﬂ S or ok, (oo o
( BH) m”?re es% th Wﬁal %%rﬁb% M & Safibr appiitafidnieHal dhdsy ndydesane

| evel ferFeth foR R¥trdricé quna&sth RGO N gifeets thieerThudiit Sanceabpredatédtot he
FeCoRdefngrid Mnarb@mnt aémndlﬂg:gmndamgpesmedtﬁtée kesent invention, the certa| n
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el enenf tne ore ect ed Vh%omthe group consisting of V,
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gi ven anount as §§f:°fe’tﬂg:rﬁ 'h° mdﬁtearr?codr poration of Mserves, in most

cases, to inp coerc 00 uareness particul Ly for
the anis E@mﬂ%& t:mﬁ"etkfgtmgm §otu iea &k vl
as the F%v d tHak efecdur is%,m&eghan th® F¥kik@m theddbfer 1 ng etc are
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COBT'Cl \opeflies 6f thé pbrt némhﬁ'laﬂheﬂbbdi@ ﬁﬁh@éonﬁbsttndrﬁ&b&hwmﬁ&m PeCoBR, F4BRM and

r ect angeCeBfv esoéctltdﬂwagnet i zation curves: The increase in the coercive

force I Hé“‘tf?f"%ma ?b% caeialsneleqyalvi i f 09.9% gpriveR o el & ment

of theidy tg F o A D355 b St et ﬁ%iﬁueimhm Wb ofoboh byt hat
r eason, pufi

Efnfbukifiestbeiig Qﬁﬁaﬁatueﬂra‘rdﬁearm&xetﬂhbman&égys product ( BH) max. The
M cont ai nErgraptit ©y of 88.8% ity wasafsed ae€p. , i n a BH) rrax range of no Iess
t han 6 NGGRBMy?ﬁd@thétB' Fébr"écﬁéh? |Gﬁ<ﬂa
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to excemblhibywafsahenabms thie dogSibis, -aivrbgasting avas pffested it WRpHoaeld coppesrmaidig OBS?mf ar

about 4n r|t -t he upper I of t he.amount o be
added” a,ﬁ’*tgﬂ?:%s; t@am o R RS i, il pilpess o5

9. 5% M, (4) The powde®s YWrmed under the Giveopkdssurd m&P/médmetlc field. (ln thel proBaction of

5. 5% Zrisotfopio Ynddhets, however, fo@nif/ b effected withou8 .applichlion of .aBy/gr@gnetic field.) 3.5%
Sn, (5} Theyfayrped b %F [sintered at the given desppgrature within a range of %1@9 cE'Ré’?pt for
0% M@ H¥EenFMPsREers An P%‘e " Yerfesrbiseed, et AR A MEF B Ror e of M are

contained, the resulting properties are generally represented in terns of
t he internediate val ues |ying bet weet the characteristic values of the

I ndi vi dual el enents added, and the respective anmounts thereof should be
within the aforesaid % ranges, while the conbined anount thereof should be,
no more than the WBX|nuntss,vaIues glven mnth respect to the respectlve A



- In the aforesaid FeBRM conpositions, the permanent magnet materials
produced according to the present invention have a maxi num energy product
(BHymax far exceeding that of hard ferrite (up to 4 MXe). Preferred is a
copposi tional range in which t heEBv&rts3 784cB1t ai ns 50% or hi gher of I|ight
rare earth, g 453?‘4 gments (Nd, Pr), and which is conposed of 12-24% R, 3- 27%B
one or nore by RaviHd @i chinpékiton 8 BREIBY ANJVh BRmEYeRehthid a3 oBknda bxﬂﬁgHHPJq%erIc

10. 5% Nb, msBing & drfiiiga® ahd/cabtng With a1witer-dohiad cahpBOmdil., Tha @btainedaitol avas oud

no nore thdvpreeda%n@rmormbam eeihrhamneiﬁns%smmp md. amrvesm@arfmeiv m}yéﬂrzed ne msne

t han 4. 5%’23“"3?16 Ft"é? i@ﬁ' M ingg 'é @'gg"ig ‘2"% h.% 5% -
: d 2200 d

N, no mope LR, 35?*?‘@? solio iy né‘@%ﬂeﬁg B sinfirba 0 Wmti?'“ ""e% BB o

nore than tehp‘é%@at arwomﬁrrae {13 mg&reamhﬁm wasaiHectéd at 820°C for

Zn- pr ovi deatiou$ pdriotihim aswrgohhemsolﬁere.solhmngmodmg lcamo bibleer than 66Q1Cetgs soelingari@f C

per cent 8y &% g"ﬁﬁg’ agige reatmen asiahas pardedgutas 603 fers houts to ehtain themagnsisafibe
bei ng subSTagt iRl Fe neasgrhngiﬁ.et SHSEFl Pl b Py GEGEES B0 MR Bl

pref erabl Ghérsind §3 e He atrhéhtl s lapb ﬂé@ls over al contal ns
hi gher of 1ight rare earth el enent s (Nd Pr), and which is conposed of

12-20% R, 5-24% B, one or nore of the E#iEtli onal el errents M no nore than
6.5% YV, no noreft S5%[ND, no norg than 8. %% Ta, no nore than |15 5. 5%
Mo, no nore tha Mi p O ARG Ginleharn) 4. 820 Or| no gpre tha mé(/JAl’ no
nore than 3.5% (T nor tha(ar)3 5%|Zr ,(k&)0 mBre woan 3. 5%( oe)n nore than
4.0% Mwge no norg N—~—ne—ere—thar—4+0%Ce—no—Apre—than 1. 0% Sn,
no nore than 3.D% B %“Qﬁﬁ“éethan 0.{5%19l8, ndg nor g ot han 4. QmSi land no
more than 1.0% gn- p‘rAB?/l WLa9n88 " Y he qum theredf is no norle than the maxi mum
gilven atom c pefcentgge arong §he additignpal ¢l engglgs M gs ggnt aijned, and

t he balance bei pg—subst-anth —H-hee—-t—PO0—is—possi-fe—to—aghi eve
(BH)ymax of no | pwer &Ran 15 M3 and [a Hi'gh of 35 1N/&)e or| hi2§der .| A

conposi tion of Ub‘T/gz BTT ], 12, - 207 R; z 2074 B, g Tore 323 35% Co, and
t he bal ance bei hg Fe2Al | ods a fitixi mum enefay produéf (BH)lm°fo be

mai nt aigged at np | esgot han 20 M;‘Oe and iie to excee® 10 KOCe.o9f0 sljuch a
conposi ti on, however—theleffeect the—agHhrgtreatrwenrt—decordrg to the
pr esent |nvent|on S further added Furt hernore,  a conp05|t|on of 0.2-3%

ot e T G R Y

- Ta, M, Wo fbredud 4d\tneshTﬂve balnaill dnd s Mely&:upé&‘éefoahwn paridlesie ot an rg man
no nore t kni\rene%mmfa alerhd!rﬁrb Itr@sg ainesl pb%dders wergipepasedfand foamegifal &prbssuigibf 1500
respect t tsg’gnhe" er'g@@t'c g‘tf o mrtefe géwto%fom 'ttwe 'e&?? t’aégrg gp‘rwgﬁ%
EPA 101558 inBs ok ‘tﬁrt.ténﬂ% ot r?%’éi&@ % Bl of
M af f ect Sagébectﬁ'a in lé& foll ovFeafo llﬁ@d@ nS(BIg rQ nt690°6 ling @até i the
dependi ngsespraistage yigi dgaseatrﬁmht Biis fireheedffectbst840°C fogs ttdnrsttdstehtmsmb magnhets dmg pekat

subst ant i ivengion.fjbe sesuitingymagrieboropariaggrayst festhdtTableg slongawi iose)of dstcompsrispmose
ment i oned *REPE AR wg'%@eaﬁ%%"? he additional el ements M shoul d be

t he_sane as the above nentioned ani sot¥.@pi ¢ magnet materials provided that
no nore than 10~5% \/ no-—Api-e—t-han % \AI no—Rpre fh:\nA 70/L-El -n nore than
4. 7% N, and no notﬁesmhan 6.0%Ge. In the cas= of the |sctro c nagnets
general |y cert aj n2#/leP- of At d etlé acié gﬁl e.g. , My (each
no moré’than 4% : P ' Ho mire n 3. 3% (no ®} han | (rgﬁe) Qu (no nor e
than 3.3%, etc} 40 gapovi ded tfat the sugmis ho rmm_e t harn thg,smsvgl mum

t hereof . | n whal—eH-ews—rihe—thvenrtirre—erboetrenrts—and—ithe—etfegt of the
present inventipn wi8P be|expl®Pned With89eferencdl?o the edflplds. It is
under st®od, however,sosnat the ppeseny TnygntTpn 175,80t Tiim Ted DY t he
exanpl es and t hb_manner of descri ption.  Tableg 1 £'9°20 i del U3ve |show t he
properties of the FeBR ba<e perzoranent rragnets pr epa.rsed b) t he245 | fol | owi ng
st eps.. Narrely, Fabtes—% 5 Tabtes16—to 10 Tabtes—t1+ito—t5—antg Tabl es 16
to 20 ¢Aunerate|t ga%%%g tres1zof t he pegemaneht nagnet bddr as.3of [t he
conposi tions bag . FeCoBR._FeBRM and] FeCoBRM respectivealy. (1)
Referring to the startcmamt,erials, el eﬁérol ytic iron o g g% purity
(given by wei ght 9% (atiérciststage sl | hereiTiafte apprI to gh Burlty of the
raw nmatéri al s) —a ferroboromal toy 1938 ots SO 5.32% Al
0.74% Si, 0.03% C and the bal ance of Fe) was used as B, and rare earth

el ements of 99% or nore purity (inmpurit9es being mainly other rare earth

nmetal s) was used as R Electrolytic Co of 99.9% purity was used as Co The

Mused was Ta, Ti, Bi, M, Sb, Ni, Sn, Zn and Ge each of 9000 oLy
% purity, AI of 99. 9%pur|tyand - '

| %Nbandferrochr'om um cont a| ni ng 61 9%Cr were used as Zr,
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(4) The powders were formed under the given pressure in a magnetic field.
(In the production of isotropic nmagnets, however, formng was effected

wi t hout application of any mag e fi.e ).(5) The fornmed bodi-es were
sintered at the given terrperat[?% ﬁn‘tﬁi kg% B nge of 900-1200C in the 65
given atpaspley e and, thereafter, were subjected to the given heat

t r eat:pent s Fe-8-R alloﬁbeGhelﬁﬁmpismorsln Enmwmeselitadhnasaisdecj d“la\Taln 3.awere apteiged b\on of
77Fe9B 4!th'¢9n"&t macc éﬁﬁém{g@ M?f“’s

an. ar Y mean ?nd Iv Zna;:F I ele
%Jﬁ; arggmsohg n‘(ﬁns %:":Whg o Q é lﬁi%‘f

al I oy nétidlfi¥Ia bf ©&Be,laRd Wéte 00/2 B AR 99! 9994@%)
mil, oA by hem cboling torog kewmeramdath eoaﬁngmmf Enopmm Subseqgénde tieffird-sage I |
by rreansagm‘g tezaimht waﬂelffbctet#ﬁt 890°Gyfo gz) houss m%i herrAs of ﬂ‘h'emﬁbt foillped cmﬁ@ﬂ@ er e
pressed 3 el

£ gin %gﬁg'kgrsg o pgingtr ;v é‘%ﬂ bt 10
e L b IS e L e
purity. After sintering, e sintered body was cool ed owntoroom
tenperature at a cool i ng rate of [errTABLE 8. Subsequently, t he agi ng

treat ment was pffected—at—ferri—forTvaroos periogs N at nospher e,
fol I owfng cool| Ng L9, 18, ki gher than [er(?cj)-at a cé L ng jaﬁ;g;'gjx 10
[err]/mn, and thé aging treatnent s turther carried gut grr] for 2
hours to obtaijn 1sheamagnets of the br egeat 1 hventisan. Tﬂle rzesultl ng magnet
properties ar et—orth—+m—TFabte—tatong—wth—those—ofTthe_—gonpar i son
exanpl® wher ei|n @F@Pﬁw"@”gt age heat|tre nent wad?8pplied ["®Fr1.| 15

TABLE 1 1st stlaogeadk dg@rp Agi ng tggre 10.9 Br 17.3 i Hc

(BH) max (0C) {bg ”A ——(kOe) (M3Ce) 20
Cownpar ative (Aft&ﬁFemBaNtHnge ag| ng) 81 10|6 124 6.18.2 ,J 24.1
820 ) 6_“-914310Nd56d P8~ - 29228 820

1.0 177 85 2D.4 89 142 4.10

11. 2 Sg st stage ag'"s’%g 6 3 820 8.0
11.2 lébF&sBaNdnb 29.1 Exanpje 2 An al)py haying,g cqnposition
of 70Rel 3BINAGPr (aftey 'at gadecagial cent agje wWds obfained by mglting ir 35 argon
gas arc and castTng wWtiT a warer-coor ed copper nol d. The obtai ned al |l oy was

roughly B‘gln gr4d zed to no nmore than 40 mesh by a ball mtl, and was finely
pul veri zedg -@-Fﬁallgfsaﬁtﬁéaélkbvﬁ!b%orﬁbisﬁmﬁﬁm 3to[rﬁd’e}cehtﬁgeaﬁhrﬁélﬁﬂﬁﬁdcbthMQH{Arlgys
means #f ara adbdabtingiwith .a vﬁtee-cﬁdmscombt aiolicThepbovs evege ragghly quiveszed tb ramdore dvandsl at
a press umeshdtiv nl@Oﬂof “ : T i weeecfinely ipelvérized 19 agnean paricip sizegf 4 PWe'F an Si %’B‘ér ed
at [e_rr]s°f"(9F' lz]rn sf;ngce?o ndn’mgé %&PelgFﬁgﬁquﬁ ed%?%gdgwg%?ﬁrs%‘ E or‘gifg ‘}?ng’
the si ntﬁ/é&'fgﬁ@ V8 tdn Bht £486fgorhid o 408 C/Ain CEBLd Nty Ahe Of
40 [ ers) firdidlage A5G aqatﬁ\aﬁt vyas etfkwe dt lsarc flr 3QOuRGN 0,85 bardaloNBigh puvag fafoived bed
for 2 hotoolingtb nu highertisantcoltd etraeaoqlmssatasf 18¢f64miit, iandithe pecyurytage 2ging U#ﬂtlumwaby
cool i ng eandpgiedngt %FX?I"I té?'ﬁ‘ heat (96F'T §°a't %ﬂf'gt{vgf‘? ‘fﬁ‘fs"ét e
second- s m:fgﬂ' Qe(é - gf"ﬂ AP AP PEMRE JYVIEF '? 8 %u?

oht aj N e magnet s o t he presen mvmgi_gqn The resulting magnet

prbﬁert | es are cnf 'F nrf h | at Tohl = ’7 gl ngg A lf} t h.CSC C'F 1- hn cOH arl son
exanple (afterja single-stage agingjtre 'trrent). 45¢ TABLE @"% ¥ gt age agi ng
t enp. Aging Li me omposm%? (kG); He (kOe) ( BH) Ig
(O = MydkboB15Nd (kG 54 (KCe) 124 (Mx¥®) 800
120 89 118 10--5-850 120
8.9 1175¥Fe7|314"‘d 19. 9 55| 90056 139020 6.2 8.9
11.8 Lzu .3
17.2 6Q | 7SheBINGGH o marat e %0 | 100 12 3.6
6.3 15. 3sFeeBtpRd at i ve 5.2 8|4 69 65g
15.4 (after 1ls{ #ftagtst aganeging) : ) ) )
79Fe7B14Nd
60 (after 1st stage aging) 53 74 5.1
Example 5

Fe-B-R alloys of the following composutlons in atomic percentage were obtained by high-frequency
65 melting in an Ar gas and casting with a water-cooled copper mold.
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cent age,

Exanple 3 Fe-B-R all oys of the conpositions in
as specified in Table 3, were obtained by nelting in Ar

gas arc and casting with a vvater-ERJCG 653(144)631 nmol d. The alloys were

roughly pu
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byoWl&HS veffpreds
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ely
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ntylionlsﬁm bﬁli’dibld/\ﬁfoﬁngStd”lfoned

at 1080@0‘?'0!?9@"11@&?§°¢'W903:g °l§mé9°t°9&mm%f 99. 9909%) 1urlt 1 ot foI I ovved b rapid
cool i ng tq, §§ ‘L%ﬁtﬁf e e o b T A S b /asfu s 415 uc §%§
the firsttslaagdfirsd mtﬁ@uﬂ 13lof WePrel iﬁ%&rﬁ n.Sthe Irdslit of ng{

bar Ar of fégia nurela longd’ with o oty
coolingmate of [err]/mn,

fie GOrBparisgh HAmPR (Bied Qferlh@an err
and the second-stage agi ng treatnent was

conducted at 10 [err] for 4 hr to obtal®¥He invented all oy magnets. The .
results of the fmgnet properties are [set g:Orth rnjable 3 %Mﬂﬂxv‘“h t hose
of the conparisgn exampéston(after the fl(kgt stage @) Nyt egidsent). TABLE 3
15 5 o

( BH) nax Conposi i 3#5Fe6.5814Nd (k7 100X Ce) 442  (MEOe)
78Fe9B13Nd T4 4.3 271 R0
69Fe15Bl4Pr 2Nd Zgosr::glifl‘:/z?gs-smtereg) 136 12.472 4% 8
71Fel4B3PNd5C 9 1n Q 17.3

66Fe19B8NdExarple 6
69Fe14B10Nd5fye! 5@%3:;?;3;:3%}
14. 2 66Fe|"§§£§&i%ﬁq

15.2 25

0 in atomic pegc tage was obtained gy gh-frequency

e

ik jas irlg \;;n d f loled coppe:; mo Lglloy was roughliy pylverj eg%tq
mesh by a stamp mi an was!fingly pulverized to @ size of 3 um
(afver is tatrﬁ&paﬁb?e BOhédgs ofRRNMMIIIETHE ob@mbBd v&)’e zss j'Hi\ ?d?flln bPWe B&ssure of 2000

conposi t i &osmf in agwagneti fi erochserv\smeredbt‘aomeebr R yioure Int 1 lagargon dirssgws pGrity,ar c
and casti ﬁgd weretheseafian °8P'9%6?)'Y Hig r efﬁt&'r‘tﬁf a?n@maratte) Sogeimin. aging

pul veri Ze(i tgreﬁt% Wfa qucgbl%ﬁt gggec rt er co;tzoghlgat é:fhad
finely [AVIeYS tozdﬁa e Ma fHirg't& h@pv%ée@l?nﬂignt mrééalt@&ttﬁ heby
means of ablamed magdets are efoﬂbtnalaled aIOAYEIH thosbRF the PorRyatidh eaﬂdplé wﬁémdoﬁ&sta'ge
pressure @smqs@@a °Cifor t h@rabbbrﬁc%sowounyle yre céeffigiedt a E6/L) wethe

si ntered afs'ﬁl r"P3g ﬂ“f 'Ei]';‘a of thesipventad aligy medpetygogegr yith that ¢f| theygaepatisen
rapi d coolH e'S' YeSéE g?ﬁ?@ggfsgpp({'%“ng rate of [err]/mn. -
Subsequént |y, the 40 fi rst stage agi ngragiead nent was effected at [err] for

rat

3 hour s i —-685bar—Ar—ef—hi-gh—purty—FeHewed—by—eoel-ng—to—po—hi-gher
than [err] éﬂ'“g“ﬂ'@ﬂal [ ngASI'?ﬂ t!mbf pEerr f mi n, | andiHehe gecé u's’t age agi ng
treat nent was nduct " err1x2 HFS o obt ai'f?et he |madMEPe of [t he Yr esent
I nventi The regdphdasatidd t he melgnet propef ties are|set forth n Table 4
al ong w tt t hotateraibt $ti@ yagpl es [subj ¥ ed @ finst-sP8ge agingo8s

t r eat ment tes)y—45 - :

TABLE 4 Bi 800 i He 975 (BH'Pax Cpnpodittion 264 01085

(kQe ( SO 76RegBI5Ng .

1M %‘ﬁge?qpp?m}fﬂw fi4 138 5{6 329 13%6}4

6. 2 78Fe8B12Ndged 4.0 +g 1B.46 136 1213 324 5098465
76Fe9B15NG—(af ter Iststage agi ny) 69 q. 2
79Fe7B1#Nd_60 800 ?‘ﬁfter 1st ¥age aQ| na)"' 329 3 0085 |7 4

5.1 Exanple 5 Fe-B-R all oys of the foll ow ng corrpositions In atomc
per cent ag&xamie7obt ai ned by hi gh-frequency 65 nelting in an Ar gas and
casting wi t hAmallgypts composition of G9feEdB15N3M10Ce O atomigPerfentas8 wis|dbtided by melting an
55 argon gas arc and casting with a water-cooled copper mold. The obtained alloy was roughly pulverized to
no more than 50 mesh by a stamp mill, and was finely pulverized to a mean particle size of 2 ym.in an
organic solvent by means of a ball mill. The obtained powders were pressed and formed at a pressure of
2000-kg/cm? in a magnetic field of 10 kOe, were sintered at 1150°C for 2 hours in 0,26 bar argon of 99.99%
purity, and were thereafter cooled to room temperature at a cooling rate of 150°C/min. The first-stage aging
was at the respective temperatures as specified in Table 7 in 2,66 - 10~5 mbar vacuum, followed by cooling
to 350°C at a cooling rate of 350°C/min. Subsequently, the second-stage aging was applied at 620°C for 4
hours to obtain the magnets according to the present invention. The results of the magnet properties and
the temperature coefficient a(%/°C) of the residual magnetic flux density (Br) of the magnets according to
the present invention.are set forth in Table 7 along with those of the comparison example (after the
ss application of one stage aging).




The alloys were roughly pulverized to no nore than 35 mesh by neans of a
stanp mll, and were finely pulverized to a nean particle size of 3 [err]
in an organic solvent by nean f . The obt ai ned powders were
pressed and forned at a press%é Q%éggté‘wwcnﬂ in a magnetic field of 12
kCe, and were sintered at [err] for msmmrs in 0,26 bar Ar of 99.99%

purlty/,—f—e-l-r-ewed—bmy -aptd—eoottng LU rogm-S—tenperatture—at—gcootng—jat e

of [err ’gtf'sa-bseqlﬁ‘@r'?ﬁltg‘ e agt'ng trieat gent was éeted at [err] |for 1
hour in © A Fol | &08 €00 g td roontenperat aff a cooling rate
of [err]/m Roo and f he a@png t eat igeIt wgs fugiher conqugtedjat &aa0C flor 3
hour s tle—ebtatr—t-he—raghrets—et—the—presgpt—rAvertor—hre—+gsu-t-s—oef—i he
magnet [propdPies pre s@P forth i Q'abl e 5 d9%ng Wi th28hose|of ¢PR2
conpari[gon nmple| (aft STnferi TA 5 Br

( BH) nféx COrrp%%@itio f2b - (k ‘) il (k%S b'gé(;*mr 15
79. 5Fe6|. 5B14big 120 139 13.0 10}/2 336 440&3

79. 5Fe6r pat atve; S=stnt-et UL 20—Exanpt —Am—ait uy of—=a

)
conposilti on 9% 62 6B16RA16C0| i n A% perd%ﬁt age
hi gh-frlequency cIRbikfd 1N an Argon gas gnd casting
copper m)l d(aﬁIhestgftg)y,m@s ropghl y0-®ul veri ze®4to p

C
wa$3dbt ail ned?
W T

th a ter- coole
0. mgd-¢ t\r/@n 3%%8%esh|by a
f\l FaY {‘.

stanp ni aRd—was—H-hrery—pui-rerzed—te—a—Heaf—partiele—stze—of—3—pmin an
argon 25 at rmggshere by rreans of a ball mll. The obtained povvders wer e

pr es$eCARGUB DI 21 3 BEEIDHI B o DekerlSly W epdelod AR, 6 bl Bf 15
(0o veg e IR A LA S o e g )
and wer guiehze otrﬁdire(h@ﬂ e (bwastbﬁphmoaﬁd eBitpulverizad toa ntead partige diRioed Of

[ e\w] [ nfrm jn dﬁmydmrsolvbdntebv ftartza&tmie ﬁbe oltainesicpopvderd V\@Letprasec[ aadrf rmre@rat a

var i Gélspf?ﬁsh'ﬁ f 1580 kgfemy Q’%?'“‘E’G%FVH "EfS' hryes imG

I o 0 in
cart oA g@"&gﬁ: et e T DA AR b e
conduct &giirglto ﬁ@‘d’ lingfra iminlSabsbaliéhi, e@@cdﬁﬁ-@ﬁﬁé KeaBtFeafiert Wadd cﬁrﬂe

pr esent out /650 for e ho'ﬁhﬁo bBtaid [thesmaynets lae:ormgrtethemrespemt\remmorhetréseltuo@magmed

magnet sprapesties end thetemperawyreEadfficienga E4/10h of Brivels setifierthdn TrbleBitegethgrmyitirthesg af thacanpl e
wher ei neOFIRETeR LAY PHRIPRE o SPPFIPEPEE BYBC for 1 hour. Table 6 al so shows
the tenperature coefficient a (%C) @kt Be residual magnetic flux density

(Br) of the invented alloy magnets together with that of the n
exanpbel wherein only one-stage|agi was| appHe ed.| 35BAMBIXE ¢ Agi ng temp.
( {%/°C) (hr)

Ag| ng t mg:omposition Br kOe)( BH) n’aW‘F%‘)r ]

(kG ( ) ' 40 |Conp trve (a

Stage a 59Fe1031§|¢%‘1§3 123 §a 70 |SOMD34 8 Igtoggq o
0.75 4 | 58Fe8B14PraCO3 _ . 3122 126. 4 326 0/08504% 800
1.0 H—4 +3-8 329 016848606

4 0 62Fe8813N<121‘b1§Co _ 18 gN8" 499 4. - 248 0_ 084 868

800 10 3.4 32.

0. 0855 E‘y_a[ESi%MNdﬁaacol Qy. of a nrrg\ézci tionh.-of 3%('":@,1 281 l—g\7|\I§IQV1( Co 9126at_gm C
pe\'-rfent agwemstzﬂmed by nel {ingt.an 55| argd#4 gas ar@2and ¢ast 00g with a

wat er-CJur eu )\ brarmedaftoy was jroughty putjverized—t® no
more thp Frggji‘ j&p ¥°§'lp§ﬁﬂ"em Il mand whs féaely| pul vesi zed tooa7nea
part I59| sr ze rg l Ln antor rmnl c_solvent h\ means of a ball mll The

obt ai ned powders ver e pressed and formed at a pressure of 2000 kg/[err] I n
a rragne?)ra@m el d of 10 kOe were sintered at 1150C for 2 hours in 26 bar

it f ||
RETTS ot A b s g R R e Jt%%eﬁ;%ﬁ;‘#@ at a
cool |5ngre§i nvaQre Ibérﬁ Aden pdHidIEs |cs

t enper amsres:f asareﬁmahé thedobmn abheer;wera prdsal afdfofnjed ribﬁlireéé&ﬁldiﬂfmo fcg'zdnhzwved by

cool i ngthe@bfeace 4¢f any magr@tmitqlda ncl were sipfere@lSO AY3@Crfor zsmm- @éﬁb# rgancé99 99%

oo Bro R BB R Et,m "*°§£;%"§;%§“

and th eerQrmﬁ; Rlodtat tmaég‘nb@ b&Bidin in ntl ¢hdre§n BiPrdgerties U
densi t yareBet)foratf intTable fapng ith thososfdhengmile (tdn@afisos Seambpld) Wienelnlonnr the grinSady
forth i pgimniseasment y¥as#grligHt h t hose of the conparison exanple (after the 65
appl isé:at I on of one stage aging).
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EFI 0153 744 Bl TABLE 7 > Agi ng tenp. Aging tine Br

i He _ (BHymax ([err]) (mn) (kG (kCe)
(M3Ce) a 700 10.6 8.1
17.3 0. 084 800 EP190153 744 B1 13 8 10. 9
28.1 0.082 10 850 " TABLE 9120 11.9
12t 4 . 3% 89—-683—966 120 — 11 9
130~ 3B.6 c 0.083 950 Br 120 iHe (BH)max O
132 3B. 9 Comeositiony 083 Conpar at k& (kOe) 1840e)

: 2D esFeoB16Nd10co 0- 083 (aftgr 1si, stqge agspg) 20 Bgymle 8

.BRCO al | oys of—+the—conpositions—in—atomc-percentageaslspecified in
ble 8, were opfteBI7Nd12Grk| ting in ar gorb4jas Jarc, 136d caqgti egp with a

ter-cogled co , g optalr meg—atrtgys ropghty [put et FLEd to no
re thal 40 ne*ﬁﬁ:rﬁ%d@h‘gzteg °vill, and wer® fi nel y 6%; verided %% al mean

rticle size of eskedmbrRdiocsy an organi ¢ sol vent by neans of [a ball m 1. The

t ai ned pomders(afverrtstplaesasmb)and formed &% a 25 pre§§ure of P500 kg/cn? in
magnetic fiel wer e st tgred—at—fgrri—for—2—tgurs—nP, 26 bar

arjgon of’®99. 99% ﬁ ‘1@ déjﬁ;ﬂ re therg¢aftexs ragi dl y €»ol ed|doww t of r oom

t gnperature at c00 na ra of [err}/mn. Thd first-stage aging mas then

efffected at [err] for 2 hours in 0,79 bar argon, followed by cooling to

rr] at aE’@mpleng rate of - err /mn. Subsequently,- t he second-stage heat

va cg! f°élt’w' P°?'tb9"s i sefmtaebrvarp nbtahed byerpeitintagn argon

adcor di ng 73 Fhf;ué, ﬁé%%;ﬁ ‘Defé\yvé ?%F?i Letm‘gssmg rggpmlﬁper‘tle

the teﬁperﬁhw@dqeefntdaﬁ Ipgrtitle 8iz sowe.tt%y n“'llaﬁgtaéta

t t her wpdvidetsivasepredsed brel fommep at & srefsuemm;doekg/sm heGﬁdgdetk(ﬁelﬁ Iaerzsrt@gﬁda@mg

allone. ?AB?.EQ'S"?!SW%"C for 2 hours rn 0, 206Ct/>ar argon of 99.99% purity, followedBpy rapid cooling to rdohiC
empera ure a °C/min.
E H) ”;3-)( N co Ilr { 3;’\,2 ﬁ}: hour 1 bar Ar, foIIoweé b(y; czaolinagltz rgom tegnléggzure
aging treatment was conducted 80°C for 3 h t

9.14 obtai th agnets of the pr&e:ﬁ& ion. 158@3&% iﬁ tpropertles are set fort?'rrm T:;Ir: 18
1. 2 30 along with those of the com@B@Pisdn example (after @m&ﬂn@Z Fe8B13Nd2Tbh15Co

11. 8 10.9 24.8 0. 08 46Fe6B14Nd2La32Co

12. 2 13.5 27.6 TABLEN1006 60Fe6B12Nd2H020C0
13,2 .4 22.8 g). 07 |60FeqiR12Nd2 B0fRx

(Gonpar ati ve; Thmposition 6.3 kG) 20.3 (kOe) Ormioeaf ter 1st

st.age agi ng) 50rE RE€o—att+oys—of thetfFoHHow-ng—eprposttHons in
at:omi ¢ percent 53%$@16ﬁ?6§Pned by meltind&rgon gafarc apd ¢btijng with a
wat er - cool ed coppesrefER1ANgstIE al | 0yS fvere roughly pulverized to nol nore
t han 2545 nmesh l]:pmaaﬁii\&[rﬁh-éiﬂtérled) and fere'¥4 nelly pul®ferized t 8w rrlean ,
particle size of—3—ter+i+—tn—eanr—organi-t—setventlbyrweans—of mll. The
t hus obt ai ped rgowders were pressed and forned at a pressure of 1500 kg/cnR

in the abs Phowdid na% G J a},rgq re sint er ed f
pour 31 5 A R aide R R S i e o
t enpewat sineredos 1eqn|:d ioed haiirs an 0,88 bar@goihadf @9. aé% G@ﬂfanowed by Qodbihg R Fopm

agl ng tr edPWEﬁ?tUMEa edeling ratqof ﬁﬂé'@/rmutThaagr; ga mefnowa&t:otrmmeé ati 780°0 foB§ Garlvas times

argon, fol ef"ﬂ Ipeddy casline ?'ﬁ PRI Gapssyenty, the

9 ed a
SRS P w.,aagttag,,, et
hours to odxample whaRin G Bl OnaeGEY &Y urwtr&aens a,aprcaﬁﬁ&ad C fopﬁ\h e resul
of the magnet properties are set forth in Table 9 along with those of the

sanpl e (conparison exanple) wherein only the primary aging treat nent was

applied, 65 12 EP 0153 744 BI TABLE 9 Br I Hc ( BH) max
Conposi t I on _ (kG (kCe) (MXe) 5
65Fe9B16Nd10Co 5.2 13. 4 . 5.8
61Fel10B17Nd12Co 5.4 13.6 6.0 10
62Fe881%26d| 5Co 5.6 12.7 . 5.7
65Fe9B1 10Co (after 1st stage agi ng) 5.2 8.6.

5.1 _




15 . 61Fel0B17Nd12Co ' 5.3 ) 8.3 (after
1st stage agi ng) 5.0 Exanple 10
20 FeCoBR al | oys of the foI |t|ons in atom c percentage
were obtained by nelting in.ar g%ﬁwba%%ﬁgﬂa d cast | ng with a water-cool ed
copper nmold. The obtained all oys weraABcnghl y pulverized to no nbre than 35

mesh -hy a stamp—m—H—aﬁ:I?m. e—FHrelry HE. -ef-Zed—+o—& ..D“ZBF&;* | e size of
3 [err] in an Sfr’e"?ol QSV‘emacms pal | ‘1!3? Th #ained powders -
were pressed and f’gi B essune d'fé’150) kq/ é’rr] in '&Gﬂﬁ’gnetic field
of 12 kGe, and were 2&ontdabthi¢s €d at [lerr] for)2 hours in (0,26 barf argon of
99.99% puri ty,| f ol atawerst &1yger duigh Col i r‘?g"‘t o foom™®énperdt ur¥lat |a cooling
rate of [err]/mnm—Theagmy—treatmgnt—was—etfected—at—fer+i—Forf 1 hour 1
bar Ar, fol |l owed by® ool i|ng t % oom|t ertBr at ire d#4a coql i f§eratle of
[err]/mn. Subsequeggly, [the gging tregbgent|was ;ggnductjed g, [grr] for 3
hours to obt ai : br esent i1\/pn'r|nn The rpqul'rs of the
magnet propert|ies aBe set| forah in Tabltesl0 B0 alweag w tih t3aa@se |of the
corrparl son exgnmpre_(aftersimrertng— TABCE 0B i _
(BH) ne% 35 780 Conposi 9 on 127 129 (k&P (kCe)
(M3Ce) 73.5Fe6.5B14Nd6Co 13.6 9.7 41.8:
73. 5Fe6.l58&:élhldl@Co 40 (Conparative, as-sintered) 13.4 :
6.8 The aflgy poviRiegsnp the 1fellomlingocommositien Salfa{GBrAGNe3RrEMAINraalidys |ie atinmiie of

er a | §si d ed at eS§UI] 0 :
L2 s ogma%*’f.:tm,ggﬁgﬂ?g gggf%@ ﬁﬂﬂ:ﬁ *g%gg jacRge
e e :
15 kCe, t?d’éﬁ'néhﬁét&h&bzﬁfoﬁé’ﬁ ppatfat &8 lak sp cﬁéd%ﬁgﬁrﬁ for2 @ﬁ FORbar gcug 99%
purty, doolingowmd mwye tbemBOomgwasoaperat ) eoqmg adtuofezaft:/nan mlmmcdrﬂts&gaﬁgmg
600C/ 1#F rireatmpat fWa@s!W fmgfean agnets ascardingdssthe presest | n
an ar goi"%%ﬁé "fsritlﬂ ﬁm’? sﬁbmf‘B'"[Té'i" {2 algno with 98¢ ¢f ghecgmparigen
360C/ min sequent f |ng treatnent was conducted at [err] for 2
hours to obtain the rragnets accor di ngAauz tzhe pr esent 50 |nvent|on The
resul 3¢ of th HuQHCL proper-ttes—at acu forth—+n—Fablerti—alenrg Wth those

of the conpari mBt ¢ MBBY EMA ohly one- s E e agi % tinent was
conduct ed at [err]n??§ hout™"s5 6D @‘gl] %53 744 oA ABLE 11 Aging
temp.  Aging tine s Boo 106 1HC 103 (BH)m@EX ([lerr]) -

(hr) ss S ey ——— MO} —Corparative—{(afiter 1st
stage-aging). | = 8@ 4- 120 1p. 3107 3341 78() 239 0.75

12. 6 124 .8 1D 7 12. 6

12.6 - 36_3°%aq 205 7 "9 g 85 42.8

36.3 1o 950 730 120 80.8 - 108 12.7 233 12.9

£ Loaas oo s~ + 0 oY=

36. 1 Exanpl e I2—Fre—ai O} powter-s—of—tte—FohtowHRg—corpes++of
Bal Fe- 10B- 13Nc %“V\E N:Real lheys inl atgggc 20 pergent age a@d_3a rean
particle size |of °7P8Pfh Were pressed and for|red at a preéssure off 1500
kg{]‘[(ew] in a nagnetleonfph@{.@ of 10 kOe and were sintered at [ernr] for 2
houts in 0,37 |bar (dter oft e S8@GH pur ty %tol | owed % cool i n@’-@lowr to room
tenperature at aToot g Tateof—ferrmm—Sobsegquent—to—the—tr st - st age
agi ng trgal.pent at the various tenperatures as specified in Table 12 for 2
hours & n 57 ou[defrsai FelBHLA aH6Y3 WaVg thXRhripBEtidnR indbriiDeRcehdd ks g%{ﬁlad Wasmapp! 1 ed
at a coodndagneaspatiad sizé 20Tlol6ium wersl frdssed endS61@R0 dt Sregare 801 20@kglom? i £Rbdreid Was
t hen ef ffiald a5 ke, finslvyey effmfe@atﬁm%fﬂ@osbtlmomltaher esmmlmwsw rapid

accor di nj i'c’l? ARG i@'&ﬁ?‘ ZIZ{ ?L Ciming '1“8"'('3?3 b‘t’asp‘ﬁ ?‘#Ptes
Lare sgf S PR e e :ﬁ§°§ fafeafter.
t he fi r ste pdrixgntrgagnsits bf tﬁﬁﬁr%mtl vent giaﬁ'rﬂ; 1es ar f&]'gn

Br 13 along willicthose of the (:c&ai)anmn example (after the smgle-stage agmg treatment). '

60
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([er]_) (mn) ' (kG (kCe) (M3Xe) 800

120 10. 6 10. 3 23.7 35 850 120

10. 7 11. 4 23. _ 120 10. 7

11. 0 23.5 40 %3081535%44 B1 120 10. 8
10, 8 23.3 Conparative - TARDE 13 10. 4 8.6

21} 3 v5 Compar gt ve B He 10~ J. I-ggaxz 8
(after 1lst stagq agi - . ) Exanmpl e 13
SO The powders n?%osnﬂorh M al llays ngae\;l ng f hp(k(grel)rmnm i |(nnq in atom c

pef cent age as SFECFJBBBtﬂldIIMofﬁabl e 13" and2a neaf) paosi cle si Besof 1lito 6

[efr] were presged—and—forned pressure—ofr—1206—k gnetic
fifeld of 15 kOe, aFRio%Gé?’%“Pé'iW'éfrec at [&Fr] for 22 ﬁourls |n35‘°24 bxr Ar  of
9 . 999%,purity, [f ofdioNyaNadty2y ap! d [cool i;pg to foomypenperat ypg@ at @ cooling
e of 6500 m n—Fuwther the aging treatrent—was—carriedout—ati[err] for

2 hours in 0,72 baFesmNdaﬂombgtha purity, 88l owed B92cod| i ng 226 no I gher

t Han 550C at a qoO gﬁ'_OT"Z‘Suu T Theregfter, the_secom- st age
adi ng trgeatment Ee" 5&%3@5 at _640C fg? 3 h()ur§El o_dbt ai ‘Fhe per manent
mggnet s of the presdpisnastyeriti on. |The negul ts|of 14 pe nagnetgzproperties are
sqt forth | n Ta In 13 nlnnn \th fhncn of thn oonmnall Slon nvarmln after the

silngl e- st age agi ngFeQBeamzﬁsm) 60|65 14,, EP|0153744 Bl TABLE 13|Br

i Hc ( BH)| me$Eorpayel t i on (kG (kCe)

(Vo) & Fe8Bl4NINRISToNdsGazy 2.5 10. 3 34.6
F¢l OB14Nd4Pr 1Nb1Hf (Comparative)  11. 8 103 12 .4 76 4240 10
Feé12B10ONd5Gd2V 485 446 24— Fe8B8Nd8Ho1
NN Ge Ep14B15Nd1Mo2Al - 13.2 22. é.4Fel1B15Ng4 Mo 2Al

7l9 # 14, glComparativel 13 5 15" FeoBt snd2dr 1) 11. 6

11. 6 33. 4 Fe9B15Nd2Cr 1Ti 11. 4 8.1

30. 8 (Conmmampievie) 20 Fel6BLONd5GA2V 10.3 7.6

22 4 ( Conpar ELG] m\)ders of Fe-B-R-M alloys of {i@. fgllowing composiffong ld:thmI]pENdmme a mean

718 30 partlcleteli g of 2 tc¢'> 8 um wterel esge d formed at a pressu Q&%(%%Eép the absence of any
: . magnetic fie were sintere n o
718 co gIng to r gm emperature at a c ing ra%r}gﬁr m mh UE} \;g"eyg%md
aljl oys of b3020¥o RS TR 0,46 tiar AF) FollbiledlyRBRIfRg {b&fo&fyﬂ QA6 5000 2 of
particle sazwe/nori a@d the@seBor{destagp hestrreatmene e sestibsenabnflncontudtte at 580°plf¢89$ulretocmﬁtaﬂz000
kg/ cn2 #n tbmﬂawemneﬁ of} rwag% ipveftion{ The reguitsgfidie megnst prpperties ang sefforfhdn Tablef or
2 hours i g'° %wﬁ'é?h°§3r°fg‘le '9§emRsIE el"?mp'F)d‘Y'\eEﬁﬂe‘H"VHV frtistage aqind A bWasoom
terrperatur at a cooling rate of [err]/mn. Further, the first-stage aging
treat ment was effected at [err] for 4 ’maussm n 0,46 bar Ar, followed by

COO'Ing‘atO no hi g||C| tan lCIIJ atr—a- DUUIIIIU frate—of {ci’i’ilmn, and t he
second- st age hegt trgat rrent was SLbseqL( tly conﬂg“ct ed ] for -2 hours
to obtain 35 tha_per MR hagnet 4 o prege nventl(S %he fesults of
t he magnet propdrt fgesianaerssai forth in glable 14 ageng with g‘hose pf t he
S@' e fconpar i yenr—exarpter—whereHnr—enty—theHirst—stage—ag-rg—t+eat nent
was” appl i ed). TABLESPL@N&!EJ"@W 6.4 Hc 127 (BH maxﬁftorrpo‘n tion
(kG (KCe NFE2)| Fe8BIANIIT4TZN 5. 3
13.0 b |4 tpES1PNdCoINGT Rl eNdbtoow & 6. 4
12. 7 50 §. GFe8B14Nd1Ta1Zn :
(Comparative) 6.2 10.6 6.0_
Fe8B16Nd2Ho2W .
(Comparative) 6.3 10.1 5.8
55
Fe6B18Nd1Cr1Zr 5.8 12.0 6.1
Fe6B18Nd1Cr1Zr -
_ (Comparative) 5.7 8.3 54
60 -
Exampie 15

The Fe-B-R-M alloys of the following compositions in atomic percentage were obtained by
high-frequency melting in an Ar gas and casting with a water-cooled copper mold.
65 The obtained alloys were roughly pulverized tc no more than 35 mesh by a stamp mill, and were finely

15




Fe8B12Nd2Cel Nbl Mo 6.6 11. 4 6.9 50 l
Fe8B14Nd1TalZn 6.2 10 6 6.0 (Conparative) -
Fe8B16Nd2Ho2W ( Conpar at i ve) 10.1 5.8 -
55 Fe6B18Nd1Cr 1Zr El?s %153 744 B1 12 0 6.1

F66B]'8Ndjdg;ell%ra mean particle size of275prz in an organic solveﬁ b? means of a ball mﬁl 4’hét@9§rm£|ﬁetdl ve)
60 Exanplpewders Wb.ep\%g -ad F4rabd axéspr&fsurg BE1500 kd/dviiim @ magHEROfdId bOR%0E,AndWeRl C -
per cent agtensr & mwwforezl hb-;rshn 26 baresfue‘m%%%ebtmmgollpweahv Apidyemlimntd oasltl ng
Wi th a watreqeratye|ag ﬁg’%‘* 195 P C’GS‘ ct The obt ai ned ighl y
pul veruszq%égbggg TR A A A o
EP 0 153 Sone rbréaamdv (18n.ShZ Fostif hé nmaghet PropdHidalaedet forth in
sol vent hyblmaaraﬁm@fwnat Iofmel dompadisen teRatsple® [xftey ﬂﬂéhng) powders were pressed
and formed at a pressure of 1500 kg/ch in_a magnetic field of 12 kCe, and
were siitered at [err] for 2 hours i nABtB85bar Ar of 99.99% purity,

fol l owed by rapid cooling to roomtehpergure |at agool i g E@hgx Of
[err]/mn. 5 compsggnent |y, the api ng(kcr eat nent(kows effe(mead) atl [err]
for 1 hour inH—bar A +oH-owed—by—rooid 6 6 IUUIIILUII'J attre—at a
coolingsrate pfFfRYMNIIMG n, and t he api ng13E3r eat|ment %as dgne 42 [enr] for !
further 3 houfs g1 the magnetp of e ‘gresept, i nvegnt The results !
of the magnet D':re%%%ﬂﬁ?ﬂ*% are set gf ar h |1r13t ahIFe 1'§na onglwit h't hode of the |

conpari son exanpyElaNafmer sintering)

TABLE 25 Br | (Comparative,desintered)  ( BH) ) i Corposi ifon e

(kG ! (MEE) 15 FE7BIZANITM

13.3 11'? é;f”f","“’;s_s,m 47 2 Fep. SBBANII o 82 M8 13. 4
113 gmpargtive, S HIPRn 13 3 411 20
(Conpaeati ve, as-si ntered) Fe6 5B14Nd1Nb 13.3

8.2 Example 1§ 38 nmpar at i as-sintere le 16, The ovvders of

o TR R

kg/ cnt 5 rterﬁpemgeet a eooiuhge+acb &F1650C/mirOBubsafUEntNE H@ aﬁingitreitedntaﬁas [eﬁédte]d 620°(2at
hour s i n vari@é tdnmeramresori arG0gdd@Uhgsahare, jollower] Hygorlidg nA88°6 et 4 aag Ilﬂgmate of 3R9°G/hin..

t enper at lj‘f‘éthaﬁg' 5r°8t“é‘°6f' atBagy "rZ?tW’SBBB'é'qu@ﬁT; ‘s‘t %}"g\‘ l;::z:}
treat n‘entmﬁm lcel (Bﬁ of ?l?elnta? Ir% ﬁ aﬁ?@%ﬁtﬁnrﬁ% lo w of the
at NDSpherrRagn lei.rsw&é wngq kiRgle-5tAg datrent QP 20Ft9<1r|&1u€ of and
the aging treatnent was conducted at 600C for 2 hours to obt a| n the nagnets

according to the present invention. THBLE&8ults of the nagnet properties

and the t[enperature coel. jentfa (gC) off theg residu NeELTc 1] ux
density, (|B r;% aée'{'?le E% ﬁ,gd Il oy (rgggnet < ar(g")eeet fo?( %%g abl e%(ﬁ@ al png
w th thoge—of fhe 35 "B.g.ne.l;-s_suibi-e-c-t-e-d—t-o--om_y_t_he_
treat ment| of 820Chhpanative. TABLH 16 % ng tenplos Agi N2 i me 0.086 Br
I Hc (BE)yax —a @0 @) ( ) (kG
(kCe) & ) 075 (op0) dffpar ati ve'®* 31:2 12. 086
104 g228. 0 10 0.086 &2 129 0. 75324 0.082. 2
12. 4 St 5645 326 10
i 12.3 83 9 40 3214 123 0.%7 8Jo 328 0086
| 12.3 370 3218 : 50 8z
50 ® S%iz , 80 JOIS 122 ?gﬁg 329 088 |-
: The powders of an alloy of the conposition Bal Fe-18Co-10B- 14Nd- 1Y- 2Nd- | Ge
. in atom cEXpB,!pleéﬁt age 55 and a mean artlcl e SI ze of 2.8 vvere pressed and

“ formed at LA e siz m wete orm m mam erca
si nt.er & %‘tqiza k&d, .Td'v'tgés. e',%ﬁﬁw@?o I&%frggﬁﬁsgﬁarﬂf sﬁg" SAFRISE Soyut éﬂ%d by

cool i ng t@om temperature at a cooling rate of 400°C/min. Subsequently, the flrst-stage aging treatment was
effected at ihe various temperatures as specified in Table 17 for 2 hours in 6,66 - 10~° mbar vacuum,
followed by cooling to 420°C at a cooling rate of 400°C/min, and the second-stage aging treatment was
so done at 580°C for 3 hours to obtain the magnets of the present invention. The results of the magnet
properties and the temperature coefficient a (%/°C) of the residual magnetic flux density (Br) are shown in

Table 17 along with those of the comparison example (after the first-stage aging treatment).
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c{om tenperature at a cooling rate of 400C/ m n. Subsequently, the
filrst-stage aging treatnent was effected at the various tenperatures as
speC|f|ed in Table 17 for 2 hours in 6,66 . [err] nbar vacuum followed by

caoling to 420C at a cooling rat cEPf O[#53 7441 B1 and t he second-stage agi ng
treatment was 60 done at 580C for
present

3 ho

tqQ obtain the nmagnets of the
The results of the %fﬁ

i nventi on. ol properties and the tenperature

cdefi ci ent AyidgBmp. 01 gt dual n@gnetic flyyx depsi @l ) [are ghownjin
ong (Wt t ]OSE(rﬁif\) t he corrmml son ex(aoml e (af timgod he|fi rnerest age
—IICIIt\ . GS U EI' U.LJOIE{-E{- DJ. II'"\ LI: .Ll AU Ilu LCII}J-. A I Iy
. g/PO 120§ He 11.2 (BH I'TB.)!14 28.5 ([ arr]9' 1
(A KG (kCe) ( %[err] 00
{ 8?(2 ¢ 120 (K9P 117 2’2@5& 28.% A Rn%osz
1 88d. 7 120 11.8 116 28197 29.9. 08P 100.081
8 120 6 -7 2973
0. 900 120 120 %8 ¢ 7 1 7 294 0081,
0. 950 120 129 114 5 16 1.6 292 #6h12
0. 1L, : QL3 24. 5
0.]081 (aftper 1st <Sowm eatagl ng) 20| Exaypje 18 Thegpowders gfsal | pys pfgit he
Fg- Co- B- R-M cor‘PﬁS%Fsttls@ﬁ%aﬁl'ﬁg atonj c percentage as spegified in ffable 18 aphd
afmean particle size of 2 to 8 gmwere pressed and forned at a pressure of
1300 kg/gnExampleasmagnetic field of 12 kCe, and were sintered at [err] for 2

=y
(o)

urs in 0, 26hbpewdars of illcYDofIEFHQOE:R-Mycombexitiops\a dtoje ;rempﬁtdgecxaebécmgd inTalbi® 08N

t gnper at ur @damegn e%?‘? ?1 of &t°e3 Hof were Pref#eﬁﬁm forphed app mefrlg 0& /ttnrzeraa megnEtic\a s
c JUCt ed i : t% Ptl ‘ge m%egﬁ% ééjé iog)fe%‘f mp‘ﬁl?e‘ParAf BfISP rea %
[47r] aty, asm%o §réiirEo it S0CUn § bl égat

t h en ef f ecéeeshdaity aﬁﬁ@@«@atfnem whs hwdreﬁedta 4 ledoee fbr  InBurse0dbRdirs the | ma &rtﬁes

i fvent i on. inYéntiorf. Toa fiogees off the hegneta greeeryesand fretdmmemtaecheffivientat/f pEdraredet forth

cdef fici en't" T, %%1? é'PP? yith thoge ofthe cemaparisesy PAMPIR Whatsincthe §rshpgingtreptrognt plauss wasof

tRe co exanpl e wherein the first aging treatnent al one was appli ed.

30 TABL 18 Br I Hc T RsEmRX a Conposition

(KOG ey (MR- (94PC)—35Fe5Co10B15NdLFallh

12.6 10.4 . .35.4 Br Bic06 [Fe2(REHTBONIHPr 2\W

11.3 Cemppsition 37.5 k@ Q85 40  (MGOe) FegCotEEANdATDI V

12.4 Flsco10816Nd1TaMm Y. 7 126 GoW6 FHel0CoERI6NALAN 1iye

12.8 {138 33 4 0. 05 JEe5Co8B12NdPHATAl

14.9 F429CE7B89NdSPr2w 26, 4 113 0888 45 FeRZ58B12Nd2HIBAI

10.8 ' 2376 O 09 ((ComparatTve

Fd8006BZONI FedCo7B12NddTb1V | 17 ° 124 11112 3135 g 0.06 08

50 Fe8Co6B20ON{k6¥oco7Bi6Nd1AINBI  |11. Ji28 13.89. 3 334 2P-2008

0.109 ( Conpar ap-vey—5b—Exanpl-er+9—the—pow 8- CoB-R-M-allaoys gof fhe

fagll ow ng comﬂsﬁqoﬁiﬁ%}d%&”a mrean B&rticle s0Be of 1 12646 [efr] O08re

priessed“and f o Ssure of I1Z00{Rg7rcme 1jm the abSence of —any
gnetic fiel j,(gﬁ'% %g\er%er'%sﬁsnt ered @8 [erf] f@8 2 |hour<36n 0, P4 lsde Ar| of

99. 999% puri t 5 g—at—rooftenperaturk at a copling

rate of [err] rﬁ¢8¢068|2n§d1|§r| nary aging treat mend wegs cordéct ed| at ooerr] | for 4

60 hour$?in O 1 TofrTowed by cooftngto A4200Cat—=ctpottng—Tat e of

[err]/mn., ap iljﬁ %8 dary agi ng.it reat nenv.3awag t herzseffeciedoab [efr]

for 3 hours th nht}un the gmets of thelpresent linveption. (The resulfs of

the magnet properties are set forth in Table 19 along with those of the
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ected to the secondary aging treatnent.
e following composmons and a mean particle size of 1 to 6 um

were pressed and formed at a pressure of 1200 kg/cm? in the absence of any magnetic field, and were
sintered at 1080°C for 2 hours in 0,24 bar Ar of 99.999% purity, followed by rapid cooling at room
temperature at a cooling rate of 630°C/min. The primary aging treatment was conducted at 850°C for 4

hours in 0,92 bar Ar, followed by cooling to 420°C at a cooling rate of 380°C/min., and the secondary aging

treatment was then effected at 620°C for 3 hours to obtain the magnets of the present invention. The results
of the magnet properties are set forth in Table 19 along with those of the sample {comparison example) not
subjected to the secondary aging treatment.
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17  EP 0 153744 Bl TABLE 19 Br i He ~ (BH)max Conposi tion I

(kG (kCe) " (MXCe) 5. Fel5Col0B16Nd1Ta 6.3
11.2 8.6 Fel0Co8B13Nd2Ho2Al 1Sh 5.9 10. 4

8.3 10 Fe25Co8B12NIERIDVIS3 744 B1 5.3 11.7

8.2 Fel 5Col OB16Nd1Ta 12 gihg 9.3 8.3
(Conpacrati ve) 15 ‘Ee10Cn10 9 1 Zr 4 9

13. 4 5.2 Fel 0Col 0B20Nd1Cr 1Zr * @Eonpar at i He) (BH)max 4.6
10.1 : 4. @m@sittsanpl e 20 Fe-{Co-BIR- M al | ¢k} of tlheMGSE] olri ng
conpositions [n ent age Wer e_gbt af ned —ﬁlg- TLequepcy nelting
inm;n Ar gas dealr‘r’emb&sﬂ(af/Mt er- ggol e cooﬂér nolid %‘E al l oys were
roughl y pul vefi r@dcéssianuznszagisbhan |35 gesh by nmemus of a ssanp mll, and
were finely 25 vac.iwuxuarrea. pat-t+ete—stze—of—2-16—fer+F— n an

or ganfc sol vent FeppCeRBIANA4G¢2Va pal | |m | B3 The obt Hined | povvd&?s were pressed
and forned at EeofeRaPla 1000 Kg7Terr] Th a magnetid frefd of 12 kCe,
and were sint 5r@ﬁ rative ] 1Or 2 hqurs5#n 026 b&3 Ar gf 983999pb purity,
fol |l owed by rhn'u £o6-hg—t-o—+oom-terperabio—at—a-—cooli-ng—+atel of
[err]fsmin. The agpﬁgoaaoelatq@ﬂnt was |ef f@&8ted|at [®M] fqr oR& hour in 1 bar
Ar, followed %%Ng T0 T00om 30 renperature at [a coorrng rate of
[err]/mn. awd(&ggga,gg;e g r'at menf{ wasbconguct ew.1at [grr] 4Bor further

t hr ee hours t ohtailn the nagnet.s bf t he present inventlion. The results of

t he nagnet propertles are set forth in Table 20 al ong with those of t he

conpari EW% af ter s |"nt eri tTABLnE t%o c35 cBr ore obtained

- s of the followin co osi atomic perce W
( BH) max ng myan Ar gas and cg n 3wth er-coo e g Tﬁgﬁ%‘lx’ (
Fe were roughly pulverized t jsgo ore than 35 mesh bilne ns of a stamp m|II4§nd5vepeQmely
Fe6Coﬁ W‘Nﬂﬂm [inean particle size of 2.614i8n in an organic solvenf by means of a ball mOTH2 obtained

( Conpar aowdess werg p@sqqcl emdg@’med at a pressure of 1500 kg/cm? in a madhewd figidaf 11k0eo\apn‘ weress
for progbered ﬁ bar At RE2999%.- purityy ff%'mf{?ﬂrb\f ragidregoling 8\PeMng a

D
sintere W PEoSH 9 bar Y, 61008 b foan% R
SR ST S e

and t hethoetl l®oGao bietain ghel magnets btthe p@seht mlention. S'hé)feemtsloh@e mlgdet prapertiescale bady t o
a pri mafoth{e geble 2@ glong with ghose, of theremaerispe examps (fteresintgringt hen cool i ng t he
resul tant body to a tenperature of %Bmtgper than [err] at a cooling rate
of 3-2000C/ mip_and further subjecting hus cooled materjal to a
secondary heaj} treatnent at a tenpé¢ratere of 480wkerr] |5%BHmax 2| A process
according to [l aiCempesitigherei n a paft dkGFe | s suk®stitut edMlee)Co such t hat

the fornmed bofly 0 nor e {han =% CO- Ss
according to O S%Enlfnéijéeﬁ'&%"g\/\Merel n theggr ned bg;t[ﬂ ODtIOI‘lP“f' orrpri ses at

| east one addjt k&tadssrmeaimBt M of fho nmore than .the val ye in af-%
speci fi ed bel pwiCofiparéfivel Ss-sinters 0 153 ##4 Bl TABUE 19 Br > a0l i H
( BH) max Bl '

\_/ 4 Claims

1. A process for producing permanent magnets of the Fe-B-R type comprising:
providing a sintered body having a composition comprising, by atomic percent, 8—30% R, wherein R
is at least one rare earth element including Y, 2—28% boron (B) and the balance being iron (Fe), and
50 subjecting said sintered body to a primary heat treatment at a temperature of 750—1000°C,
then cooling the resultant body to a temperature of no higher than 680°C at a cooling rate of
3—2000°C/min, and
further sub]ectmg the thus cooled material to a secondary heat treatment at a temperature of
480—700°C.
55 2. A process according to Claim 1, wherein a part of Fe is substituted by Co such that the formed body
comprises no more than 50 at-% of Co.
3. A process according to Claim 1 or 2, wherein the formed body optionally comprises at least one
additional element M of no more than the values, in at-%, specified below:
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Conposi tion (kG) (kGe) (IVGOe)
Fel5Co10B16Nd1Ta 6. 11.2 8.
FelOCo8B13Nd2Ho2Al, 1Sh 5. 9 10. 4 8. 3 10
Fe25Co8B12Nd4Gd2V EP 05153 744 Bt 11.7 8.2 -
Fel5Co10B16Nd1Ta 54 TABLE 19 93 8.3

(Conpar ative) Fel 0Col 0B20Nd1Cr | Zr 4.9 13. 4

5.2 Fel OCol dB20NdI Cr| Zr ( Conpar at ijve) g iHe BHfinax 10.1
4.8 20 Exanpl e (Qthpbsitidno- B— R-M aI I qys (m‘s) t he f ol (ko ng COMGGéIt ijons in
aton¥c perc ||La e—were—ohtarmed—by—htrgir—rF qucm, et gt n Ar gas and
casting with PRIGHNTAd copperl noPd. The al Pb%s wele r¥ighlly pul veri zed
to no nore tjha 1@&8&%&@2%‘\{{3@% 9f aggtanp mlhgsand peregfingly 25

pul veri zed tjo—a—sean particle size of 2.6 flerr]l in an pbrganic dolvent by
meang of a bal Ife2$ﬁ0|8812NMQdZMbt ai ned powaers wereﬂ;? essefl arek forjned at a
pressure of RN} 4 1|é,n a magnetTc fietg—of— 12 KOs, Tamd—weryg sintered at
[err] for 2 ho( p‘jrgfé *Babar Ar of 98.4999% puris.y, fo|lovexl by rapid
cooling tor rmprafurp at_a g¢ooling rate of [err]lfnmin  Thd aging
treasment was &ﬁ(ﬁ&bﬂﬁﬂ!deﬂtCr’{Zerr] for onse hoyr inidabar Ar, g2l dwed by
coollng dowj—to—Toom-36 Lcupe1ouwc'ai a—cgotng—ratepf—fterrtAmn., and
the aging trleaflie argwe 4Gl 8uct ed |at perr] [for fmrther}three hqurs to
obtain the gret e ot he presentlipventio The results of thd magnet
properties are set forth in Table 20 along with those of the corrparlson
exarrpliiara plet28r sinterin TABLE 20 35 Br I He BH) max
CoQpos; t Q)-ﬁo-B-R-M alloys of ti e followm positions in at zrcentage were em by high-
FeGOO reg j%f& 1:1 :nharpﬁ:e:::dio %w l;h:nv;%ter—:;\ b 3 e;fm:tkajmp mill, aﬂc}w Qel
FeesngpuM ez §ide! Q.6 pﬁ‘ﬁmsdnruréﬁ'nﬁ&)lvent by nJes% 5ofa ball mill. The% lgmez :

40. 0 \podderSivaramesked dhdforedss a beesups GFAISA0 kygenii
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by at o‘mﬂeref e
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Qrdtdlo
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TElE R

@ areragmitic field vE12k0ef arideerd-e- B- R
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r%r e qLare eant h el enent
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g do
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of 750 FOTbie Pealonmwith tipse kE theawmpariseh ewrdyie t(aften sinlerines at ure of no hi gher®
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fmer

and further subjecting the thus

no nore than
Cik. NO erre

5. 59§ Zpaim
Sn,

o
J. J7U0 IVU, IIU IIUI < I.IrC{l

than 9.5% Al ,

O
|7 J/7U°VY

no nore than 4.5% Ti ,

no nore than 5.5% Hf,
no nore Hharprébef%oNprodihg Berakdntlhadndtd/®fGhe Fe-B-R type compftfhgh®©r € than 3. 5%

5. 0% SF 3t [gAg) one rare earfhcelempaniinclyding Y. @%% bo

tvo *or mt RS A ae

3—2000°C/min, and
further subjecting the thus cooled material to a secondary heat treatment at a temperature of
480-—700°C.

55
comprises

no more than 50 at-% of Co.

i AN A i

no nore than

IO e Ao
LLAABLLA A~

8. 0% Mn,

no nore than

cooled material to a secondary heat nent at a tenperature of 480-[err]
55 2. Ajprocess according to CI ai g1, Whereiwe a parteafmdze |i S |
substi tut ed by Cempmastibn t hat the forma(liIG)bod4 con(pmé)ses ho(mme tthan 50 at-%
of Co. 3. A ESS aGCoraim thamrt—or—2—wheremn 1||€ fored body
optional ly coﬁﬁp?%ség"éﬂ‘m‘%ast one| addi¥8 onhl el 8hEnt M of *h® mire than the
val i n at -SscssaRsaNdiRe bel ow. {60 855 18 EP O 158 744 Bl |no nore than
9.5%V, (Comparative, Mreerﬁ:han 12. 5%\b, | no. no?® t hah 18989 Ta,

O 04 N Qs \AL. than 8 5%

no nprayidingarsinteré@body having a compositiontemposiag, by atamz:. diﬁderﬁm—m Rivhereinrfan

n 3% addhe balance heipg isort sk anther e

oy RS

gher

Sharceatis &

10710

a coolmg rate of

2. A process according to Claim 1, wherein a part of Fe is substituted by Co such that the formed body

3. A process according to Claim 1 or 2, wherein the formed body optionally comprises at least one
additional element M of no more than the values, in at-%, specified below:

AR
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f_i*gés_t val ue anong the specified values of the additional elenments M as
cantained. 4. A process as defined in any of Cains 1-3, wherein the
cooling after sintering is cond e cogling rate of at |east
[err]/mn. 15 5. A process a;ﬁaea f#@d?i‘ﬁ %II'al m 4, wherein the primary
heat treatnent is concwed then s8Hs\equent to tnhenase ltttaermn@} Npr by reheating
starting from any te realhm é°§)‘7éIT6w [err] &Ptegre éﬁbl%‘-ﬁ”( Mog A process as
defined in Caim 4, }: géi ool i ng afffep> §|tms(%3§ is conducted at a
cdol i ng,rate of at 51%{2 7. A PLEGRSS tiRa Hped I n any of
Clai ms 1-3, wherei nné hﬁreﬁthﬁﬁ en%nrgnl s ef f ectnedndré ttanresdudi,ng or 20
ngn- oxi di zi ng at nospheoe thgn 7A%p6«ocess as defmaiethap3.55n%n.of Cl ains 1- 3,
erein the secondaPy "eeafan gg%@m i s cofgege abfo E'éatl ng starting
f rjom any terrperatur@ 8P g ehi " #8an [ er 'P.MYe MRM £08%0 8% as defined in
Ciai m 8, poRH& Matlil theSBEOMLR tvol iR Mord 6190 aRFRIBhtainsd, mrudmhadofaa nciYrelthdiBthe
afit er sai drgegtolalun@moog shet sprgiiEdatalupe obthe dditinghdemdéniaM 4seronkine®5 10. A
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Clai m 13, wgeA priotess ad dafiresd i Claig sr\aﬁeeem me%erﬂ:ﬁ%@ﬂtmamerit&cov‘\iuﬂémﬂeﬁﬁtlrﬂsafter
dé¥+ned |$ﬂ'dapg9"m oGk geimpgrature of vmb'seqrrthatﬂhﬁﬁo";@econdar heat treatnent is
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def i ned i R sﬁoéi'ésas Fhoaliad ﬁr@qméweré}.m ohnG G Bhathn SR £1 2
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t enper at U{e;"' dﬁeen ? %’PlWeﬁ’“?’ﬁ‘“é‘?ﬁ/s‘iﬁ?""efyah%t’iat'Bem\Ahé?’\QPﬂeqR’“ a
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of Fe, Rd 27, wherein
Fe, or 5§he oM s@as e I&iahﬁz Snns % ﬁiﬁ%ﬂ-ﬁ A process as
defined in chai rpr&é’ssoas daﬂned\nhe:laﬁn 126,aWhereiv 5, ob B¢ sqm“effm eblayd {0 65082.6%
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19

LT T



40. A process as defined in Claim3, wherein Mis at least 0.1% 41. A !
process as defined in Caim40, wherein Mis no nore than the follow ng :
gi ven percentage provided that the sumof Mis no nmore than the nmaxi mum

gi ven percentage anong the resER:tQ $83F74dB1i onal el enents M cont ai ned
where two_ gy Achss% dbfinel %lﬁh\%q”hegelp% ¥:na more thanq-@o‘}é%/ﬂd\hus no mgreﬁl‘/&-q%

7.5% ND, 7405% pPdcess as defited 9 €l5im 3, wherein M%s Al Jeast 0.1%.4. 0% Ti ,

4.5% Hf , 41. A Bo@ss$ mef'fne;/cli in @l@%,{?veherte'g‘oMals n;r:‘norsf than th;;’"o@"ﬁ%l% percentageZ 5%
Sn, royic f the sum of{h 5°/d1$ ore| thag m given conage among, E?é@ﬁ@'eas ;
def i néfd af’ﬂ""@f’@?’?ﬁ‘ﬂ‘f M ge2leIee WPRIVR §F ST ?{gr?mftﬁ'g% ol | owi ng gi ven

per cent age provi dedgphqpay, the $M§I%be, M i §.590TdY0r € eanmbhe maxi mum gi ven
per cent age anong t hesweapecti 66%1&, addi rswnsl el eadwtd, M cont ai ned where

two or nore M are cébfadrned: GW‘;%"‘V 6.0% Mn.504 NBg% Ni, 8.5%Ta, 5.5%
Mo, 5%5% W 458% 35 gjf%'s%Al 40% Bi. 3 5d0%iSb.3. 59 7r, 3. 5%
Hf | 4.0% M, . WN 4. O%Ge, 1. 0% Sn,

3.0% Bi, 42. A fdodadé SsiefidedQRcCRIm 48R hereinlMO8/nd mof3thar\the IfEIRGET ghten Gafcbritad | N
Claim 43rovwhdamt theMupmsofa i$ eaoiorpthen thel metipem fgivempelcentagecampng dines fespectivg  Of
V, No?s Teditiqppl elgmenty Mogegtaiaed sherettwe of MieroM ap icentpigediore t han 3% 25 44,
A process as deflnegsar\,any of Q@dm; 1339, .ygherel ;,h,ﬁ formng is effected
in a magnetic fiel dsmdﬁr a cagdldrl on tgmr,qw de gg%s-ﬂt ropy. 45. A process
as defined in any oés®la ms 138% Nther ei mo%hwan,f or nmeoy Nis ef fected wit hout -
appl yténg a magneti c49%efad pr ol-PUeEN t hat 3.P%i &, 10- 29986t B is 3-23% 46. A
process as defined FA%&a3"h 45%%dferein Ris 12-20% B is 5-18%and Co is

no more thghy ,\Eny%c/ass §é)defned4r7 Claift 42 HeFeiom %t Qﬁ‘sftb&f‘sQIeétE'd fgnﬂhghr%ﬁp coMBSEfRlopv,R IS
125%46% NB, TH ACQnd SheNam K I i$ RélnoddMan 48. A procéss as defined in
C ai n2s3, Womlmdsstdaabfxnmumanves Clints -8, Wher\iih tﬁ'e fornhing &reffedBal, in tahaggetmeiald

per cent ag@rlascoaetwrbtol RIQXide prpsoffpRYe t han 10. nmor e t han

8.8% W A gr?gess asddszheti in r%g?“ }B %—Z? tlﬁ forming is effected wnthﬁgt ar?BIIV@Q fhan
4.7% N ,magfﬁne N B s R B ast o Bk 355 B R D RholtbrChi 48932,
wher egon R=47eA br]océ%& as/dedeéih ifh Olaitn 460Whickein B is2-21638/B iP@r18t udd Co tsalo nived ®En k6. Of  at

| east one 48 ADygcesshasdefinddgn Clairal 3t brevideal thatvdthirespag RN, Wolis Ni eridnGe. dffe given| east
80% per Pementagatis pefollOwR of the sum of Nd and/or Pr and other R than Rl, Nd

and Pr. 50. A proce §n§,§e ek Wi.yi v.n Oaim 33, whetsideolRw ncl udes 0. 2- 3% per
t ot al ;gmagnet of at @a,ﬁ,te Mae 49 ‘Tb and nblqmramnl%wme of R being at
| east one of Nd andare no E\bre chmGp%dRGESS as def| ned in Caim 50 V\/nerel n the

bal ance of R is Nd. 52. rocess as

.Wher ein F\;telrl Io:tlpzfleassj ;f pDag fﬁq-?o, angg Ft'e):‘l;?\/é: 1132[% E?Yl ;ﬁ%ﬁgbﬁe% g een Hr en
Zur  Hgr R & thd! Biin 6P Nd RRUBEAE
Berei tstel $wngroeés§19§deﬁhdatire¢mmrsp,eﬂeremHmaudaeo 2-Z8P% ammalsretgaaagat ieBst HheBIDPH VON

8 bis SG%aRsi Haothe rbatafceRof\ie beings dtceast emmofENtem& der Sel t enen Erden’

ei nschl i el PP RTOERgP & $ d "ECBW 5‘28‘7{ tNﬁ n di e
Unt er yer f u d%'gcegﬁ At %:rg'e?’"g "%H’«g? l’%te 2\ 2 "(eF %P_Z
Ter\"f‘ﬁel’atl’ﬂfentéﬁﬁir@w bi s 1000C, dann di e Abki hl ung des er hal tenen Kor pers ‘auf
ei ne Terrperatur di e n| cht hoher als 680C ist, mt 6- einer
Abkuhlgesch%E %&3 y HinsPesmy en% RO ECBRiTemedas) rgne Unter\/geﬂrnfung
des sg agaREAri ,845 g’;ﬁ@t pi Sk Ticp e DL TR d
errperat(;g; ud®n 480 s 700 ahren nac nspruc , I'n ein;
Tei |l des Féie tnteoveriGag dsasssmterkorpess ennserstiaaﬁ-mEhagelbnd slebmemﬁwpaﬁtunv&mso mahr
als 50 APQS’rﬁ% nth Ver fahren nach Anspruch 1 oder 2, worin

der gebi el“gg“ %E Qﬂf@%@é‘,ﬂgg gg%'ﬁ\é SStTamBeratiny, dfd’é“ﬁi baher3i 8800 gt @it M
in eiff Q‘ﬁ'e% d sko at%bﬂ]hﬁé ergrsglngneﬁmekeﬁrtHléébghaQHﬁn !Fbﬁ ngr
angegebeﬁmperaturvcrrm bis 706°C amfaRt-
EP 0153 743 Verfahméngtach Anshruckal, svofin BTl des Fe durch Co ersptat ist, smdeabeblldﬁ%‘ Ssrpdvb,
nicht mehr als 50 Atom-% Co enthélt.
60 3. Vesfahren nach Anspruch 1 oder 2, worin der gebildete Kérper gegebenenfails wenigstens eln
zusétzliches Element M in einer Menge in Atom-% enthélt, die nicht grdRer ist als die unten angegebene:

R

. A A




ni d'ht nmehr als 10, 5% Ta, nicht nmehr als 9,5% M, nicht nehr als

9,5% W nicht mehr als 8,5%Cr, nicht mehr als 9,5%Al,

nicht nehr als 4,5%Ti, 5 ' ni cht rrehr als 5,5% Zr,

nicht nmehr als 5, 5% Hf, nicht n'ehrEpI 0153 P44 g1 nicht mehr als 8,0
Ni, nicht nmehr als 7, 0% .nicht nmehr als 3,5% Sn, nicht nehr als
5, 0% Bi , ni clife TRSGE a@l"g“’?"g% Sb,” ni gkt raISa12§%5N@% Si, und

ni cht Mehr al's 2, 0% Zilcht mehil e 9.6% W, nicht 5 [ Esis daB, falls
zwei oder nehr, El ememiat Mebntisalsteeal, si nd, i hpight Ism@jﬂn gr oder ist als

der gro~te Wert unt ernight meanale é%elren V‘értenmdarme'humstszd% e ent hal t enen
El emrente M 4. Verfa :_]i%,c nder Anspr"@fheehlalsl@ B, worin das

Abkuhl en nach dem Si n{,@,g thehd |s glog > Abkchl g %zﬁ:ﬂ? Eggsﬁmn weni gst ens
20C/ mi ndur chgehf f hr tniont ma@nr 45 5,0% §, under f ahr 4, worin die
erste Hi t"’zebehandl un nach degn Si rrlltglrn ‘oder durch W e ererhltzung, _

begi nnénd [P IReN) F@Pﬂ@@@nmalcﬁn sthenihrdISkibhle@itht groBer ist als der
dur chgefuh%tv,\?it fzﬁarﬁ'ene,igge? a'bqn’: ﬁl 63‘6:‘1%‘2'!?“ ﬁtweruésmﬁmw en nach dem
Si'nt er n ni tAbihiyeschilaligld .tg@ﬁqbgm {.m,,sgmc e BRSD @phi Siptern mit einer

' durchgef(fhrt 8 Yegfahrgn nmrArahmemmasrhm eierui‘éié ﬁdﬂﬂ F‘é%h]depa' L Has

Sintern inY¢ ?Fh'?'élﬂtﬁepﬁPW@ew'@dbmpE@tunV@MteQMmGﬂﬂa Bk §m§lﬁ‘ of er,t(",'v‘,:f,

erfol gt.. Byon/Gk @Qsﬁe Eﬂa urc Q‘i‘é?a Hﬁmédeln %F@f@mtemrAbkudlb&cWﬁﬁdhél@t '
ge

Hi't zebehand| ngfedwéhh ei ner Tenperatur, die -
nicht holfe nicktioxidBBH0G Aﬂmbgﬁhar uﬂ?“tq’% wepia ‘b’seé\ﬂé?'f' AhPioer redyzierendemedes h

8, worin die erHineche lsinkm ndir uAvgpitithee i r‘ﬂmsZa&JnﬁumgtMg@é:tp,,
Abkuhl ung auﬁz%& iy CE'F%ﬁdLHe' Choxl Wmmtum meﬂt$oﬁﬁ&&®swrln§t§gé?a§eu"gm%r %
25/ 10. AM@HEQJIQ@ ,,Qafen, "mg 2}9‘1” e,h_%vélunsz ZHletnzebZBIrtamH baeg deach
der Abkul ungoava‘rfaﬁrlemeuaéﬁemﬁfuaﬁ yrwy n nag’éiur@ l8_|ef uhrt

wrd. 11. Tmnreeﬂtmemn rmwbhmemrmms a@em ev.r ¢ fugg @uf eine

Hi t zebehang] Arspriiche/\dis wa&.rm.&raém&wusmswGrnan\éhﬁglamﬁ
Verf-ahren naq §£ gji" gef d di.e erste Hitzebehandl ung bei einer

Tenper atsoir 920TNdufdhg ) ffﬂf ?'é%‘éf&ﬁﬁf?r*f"zwe?ﬂ'd'umszbe-\sw-r Eﬁwemunagmsyumw m
der Anspruchds3. Yeijamen&,achlunfehnied&& Ak 1N £ andl ung .
nmt einer '7-\[5 b'mac'mimgmlttvorsmm b&OsW@z\ﬁ&IEﬁS E'eﬁéﬁ%}m ge eﬁ%’ %%haf"a”"gm
Ver f-ahren na "hﬁr s%?“i 13- Worin dip lAdkihirate €0 26 tmwcl:@ﬁ&gc betrigt. 15.

Ver f ahr @n feh@g,lgtu, v e%gﬁ'ﬁég %ﬁ

.. Hi t zebehandl 06 Yerltediren@ablohnsp &f@ﬁ{ pfmélf
~dur chgef uyﬁsg"cvqurougeft_l_rﬁt wivier f ahr en nach Anegﬁﬁ%gﬁg'%gd'un\gb Fl eﬁnea-lr%n "/ 560 bis

Hi t zebehand| & %ﬁ%‘re@aﬁewn%ngmmwm 5 50ribide Hi@dbehaAUIuAE 6h Wakdun?d cﬁeﬂin

einer }iﬂ?ié. &Wq@m g@%ﬁgyeﬁendfnbﬁaf ®rchwmrn witd.e Hi t zebehandl ungen

17. Verfahr.epg
AR %ﬂ%rOdP'edemaeerbeﬂmﬂ;em Gas

ﬁgheﬂ Hiss3, 3woer¢|¢ n:wgneeHMhblmlung bei einer-

~im Vakuum-oded. vedfsnr oA,
dur chgef utnfweist.r d. 20 Vér a Y ﬁ'e%fﬁﬁl”ﬁ Rinkeft vopdyenigstensP9:98% uum

1, 33x10- 3 sb V'U@é'lenmleun ldertmsrrrﬁcytﬂb.&@ woWR i 8f3te®HtzeBataRdiONl Y rin
a\q/At s SHID IR et iy e \iar iqe patsnyeshendem Siprtemaergidc B0 auf e LR sl
Vex+ahr en pnay,,h-rgu PR SR ARERIEChe ks, worin fywenigsteps ein Emmedﬂmszdebehaﬂdm(ung
bei einer Temp&famteuha WnS3HGEAf 20 Wdrin der tS chenden |
Si nt er t enplerspwigwehiggeyts. euﬂEisi}ment dé}JSelté\?e‘fﬁéiéas%éﬁ%#ﬂgé g L der Eﬁ é’ ufdb' S
3, woriy B yEnYssebiensacaiAnsarich dbworia wenigkens Q% panagewmen R aus 487 Sur e vo

ist. 22. er§4a ér&ﬂrenqlggh An der 21, worin R weni stens ein El ement aus der
Fuppe v, T vl A D e e e Seira e

rden unf aBt26. derfahtencdaéh Amspdjcleaerw nUPPES Bidt ﬁlf%rl?b 24/3%& Ver f ahr en' nach
nspruch 21 27\@? premq¢ hyAnservsh 26 0valieR 4® Bia BB Nunkt muss.s von Nd und

o Pr beste Q'PSQW"E] h"%hrﬂeﬁlbﬁeﬂ%é\ms ruche-1 bis 3, worin R 12
i's 24% und %, voranen Zg?p - ighole 8 #hpieds H %ﬁ@pruaﬁhlsim worin R 12

S 20% Und . Verlahan S0 Aprut "‘Zﬁ B ] in R 12,5
5 20% upd 38 rvhren 69 Aruptuch 27 oneFéad"eFeia SUARG vAnﬁeower?a »2 7 ol e \?grzjﬁ%t bi's
8% und® B g rfaS%ISt sb 28. Verfahren nach Anspruch 2 B85

'S 11% i Sbmm f ce M ’1,69; e@g’“g%n@efdﬁh@pwwmstwﬂ bRORUSHBDY, b6 bbsamtnB db bi S

11% i st. 30.34.\MaifeReh A5chNHs §§3ng R2Nd ux\%&epEBSQB bis 14,5%und B 6 bis
L%lst 31. Wé(eifahelenaahamisprmmrou& , 2Prin 0810 1Nbis 95K Ggr di e Surrrre von Fe, Co

nd M 65 bi S6.g/erfglyen sach ATBprushe?s, aborie o rsalsh 28% s@r UCh 27, worin Fe oder die
-punmre von Fe, Co und M 67 bis 82% bevorzugt 60 71%
mach Anspruch 23 oder 29, worin wenigstens 50% bev mmi"l""‘ii des gesanten

Rre Ll -




Summe aus Nd und/oder Pr darstellt 34. Verfahren nach Anspruch 33, worin Rl
Nd und/oder Pr ist. 35. Verfahren nach Anspruch 2 oder 3, worin Co 0,1 bis
35%ist. 65 36. Verfahren C 35, worin Co 5 bhis 25%ist. 21
EP 0153 744 Bl 37. Verfahren ré‘?haxlﬁg’??{ifﬁés, worin Co nicht mehr als 23%
ausmacht . 388%erfateeri adeh Amsprachh3sAme i 06 micBOmehvodls eB% a@usmaeitt nmehr als 15% und M
- ni cht_reh 8- Ypdahpep, nachs Apspruch 2939"’"'?/@? Paﬁrwr Haéﬁ% Apd Mrnighhmely alsg¥e pysm@chtni cht

“mehr als ig)%a g?ﬂ;en A Eﬂ% H‘i{"ngo soan ¥ ";;55'( mebrre! %P&%%ﬁ'cﬁdﬁwrﬂﬁsﬁ i#h 3,
wor i n; M Wefily orin M nflHem es.& ébfnemdaa&h AR BHET P ARty | N M
" ni cht raahhaoai Smdddi’ Mamgﬁs& gan ﬁmuam@agﬁ MRt iR At dldief enaxlntalnsigbgebbael der

Maf gabrozdetiata] uaterSdenrentsayerhéridan @hedtzipho@aialterssh Eldreentbor Mimaennmave @iageglbene
Pr 0z entElemente Miaathaleansindit spr echenden zusat zI ich enthal tenen El ementen M

wenn gwel oder nehrsoglﬁrrente1% rmhalt % d: 195 8,0%V
10, 5% Nbo, 9, 5% }a w § % non 50506 Or 7 5% A,
4 0% Ti, 4,5% Zr 4,5% Zr4 5% Iﬁs% HF, 66(()%Mh 35% B8i, 5% Ni, 5, 5% CGe,

2, 5% Sn, 0YBBpe, Ge, 25%580.Sh, 40%Bisi , uié% Sk, 5% Zn. i5 42.
Verfahr en nach Ansﬁrr’ﬁ’cﬁ‘ 49 8% M ni cht nehr als die i m fol genden
angegebe @3 vEF MR NaHPAGFrueH B TREIH M nidhtimdiPiis MBRORRRnder 3Ry edbttnet FiRnia M
ni cht - glusght, Gl dek|NfaRgste, BERCHIBTURMTRNGA MV PRACBRE 28 HsS@r Mnabtitialy argBgbene
ent spr éréremtshtm unters deny brtspnechertdbra [z0sdtakioh  dhithaiteneh crienidntenein wenre ewed chder melnr

El errgqr\ng‘ée"rﬂ‘@n”('rﬁarhem gndad:- 20 6,5% V 8, 5% Nb, 8, 5% Ta,

5, 50 5, 5% W v 5% Qe Z/f , 5% Ti, 3,5% Zr,

3.5% H 4, 0%, W T OBEN | ZE %ae,  aew 0% Sn, 3 0% Bi |
, 5% Sh, 25 3,5% Zr, 34%08H Si , woeb Mn,l, 0%2dem. Ni43. Verfahren nach

An‘s-ﬁr uch 42, wori n4WenBsi gst 4% 8n.n El 88%n8i, aus Q&% & uppe V, Nb, Ta, M,
W C? und Al und dP@ S?fnﬂ'ﬁ’ véf®\fhicht groBer als 3%ist. 44. Verfahren
nach einem, d&*ahr%ﬂ%&:rh%gtﬁu& 49%”3.\/.mrds@nsd@éa&%mdmr%aawmgw %;
unter 3@dBed hd) @iéNgieriineZ Ldn M HRa0al€BRaE. Anl sotropi e fuhrf. 46. Verfahren’
nach ei neft dlelrfahlms m@fmemldeblAssﬁ&;chMrhm3 dmrmlitas Fermeo lim @inga SMagnétéslic ontai nes

Magné‘théF' B sb-ww fihgaB R 10 bis 25%und B 3 bis 23%i st.
46. Ver ?Eﬁgﬁ i%i; 'SP b'ﬁ L‘ds""%cfb/ "Bldgs fatseemeineso
ni cht 56 Q fa blﬂ\nsp Wo i R bis' 7 %hd‘l& nidkR eRr & 382 RtS 16%

B 6 bis 1&YWufhreomath Afspruie b6, wakis RA2Yisi T5b%, B%.s 18‘}’4&1d Géeriért ifeRNald 2634 ist.
Anspeaich 48. Vaifahrefcnpach/dgspaieh, 3, cniBddr iMd@gakisl dafkima tinbligk awf V.TW, TiNNi umtiG&diedi e
Pr ozentpé‘?zf"'f%a%"éef%?tg’f“da nd: nicht mehr al's 10,5% YV, ni cht mehr

als 8,8%W ni Chtnléﬂ?hlrehraééﬂffslz% Ti, . nicht mehﬁé|§§5%rwhr al's, 4,7%N, 40
und ni cht nmehr alrichd miehb sre4,749ri, Verfahren nGAE eN@IAENNE2, worin R=R, +R2

i st, amit der Ml gmbeuchdm&rMs ap% G s 3% des gesanten Materials aus

weni gst en m der EI erren Ho ausmacht und der e
der au °h g&: f R d (? d?rr und
et e L bt

V rfa&qrrﬂm RAMNA uUNdSHIIsihd be%&m worin RO, 2 b| s 3% bezogen auf den gesant en
Maghet en, SQMerfalren aaph Aosnmech 38 avorigR BAbiABY. HegogeTanf denchesdmteyMiumbten, weaoibstensder
Rest vcfl'feﬂd‘?ﬂ/éﬁl“ﬁ% Dy J b undieenthalt. wobsidariest vRp R warigstens eineg der Ejgmented odef B nach

Anspr UCT" 5p1Vemémnééﬁ'An$§&| %Oﬂoﬁg\uﬂeﬁvon&de |st52 Verfahren nach einem
der ANSpr 6z NerfahrdainactdleineWDdér AndprikcBe D bidiaSwdrth, F596,81516114595 ukd © 5 BAO78LISRMECH:.
Revendi catlons 1. Proced6 de production d'ainmants permanents du type _
Fe- B- R Reyendicatiaes st e: 65 A former un corps fritte dont |a conposition

conpr end, 1 SRl 46 PRIGAAIBR dBlrRtsbbRRanehs 30 %R BCraR-R, c& resente au moins
un eg;srrena fok@er uh @SrbEfitté dInIS cOmBEURIIBH dofnpiénd,Zn p&Meditig f 8—136% EAlol RET ANt
du fer r@;ﬁg@ente@u moins un élément des terres rares y compris Y, 2—28% de bore (B) le reste étant du fer (Fe),

a soumettre ledit corps fritté & un traitement thermique primaire 4 une température de 750—1000°C,
a refroidir ensuite e corps résultant jusqu’a une température ne dépassant pas 680°C 3 une vitesse de
go refroidissement de 3—2000°C/min, et
& soumettre encore la matiére ainsi refroidie & un traitement thermique secondaire 4 une température
de 480—700°C.
2. Procédé suivant la revendication 1, dans lequel une partie du fer est remplacée par du cobalt, de
maniére que le corps mis en forme ne comporte pas plus de 50% de cobalt, en pourcentage atomique.
65 3. Procédé suivant la revendication 1 ou 2, dans lequel le corps mis en forme comprend 2 titre facultatif

22 |

* c L N S *




H
a sounettre ledit corps fritte a un traitenment thermique primaire A une
tenperature de 750-1000C, a refroidir ensuite le corps resultant jusqu' A
une tenperature ne depassant pas 680C A une vitesse de 60 refroidi ssenent
de.3-2000C/ m n, et A sounettre erEpre1I53mi81|e ai nsi refroi di e A un
tralterrent therm ue second ire une te . .Procede
sui vant TS G YR SRpRERTE P R “RATY (8 TR P RToe8 ST e

du cé‘balt 8e manl ere que le corps ms en forme ne conporte pas plus de 50%

de cobalt, en.pourcepdsame &l DB% Gee’, 65  Pas plundedz5% wiewWtnt | a
revendi cation 1 ou 2panz§msdeI Pe & corps RessPlendd éﬁj‘fedecMprrend Atitre
facul tatif 22 I111J1Pg lf do W11 11111182 Pus.e BaR L~ ¢..
L 11 s * EP O d@ltrm)l ns unpgsugl{,@d . .;ied}tm'l\/l ne d6passant

- pas les valeurs, en mw&eﬁta@esﬂeaﬁ@m ques, pasplug]tde8%Cde RESSOUS: pas pl us
~de. 9, 5%rde V, pas ghasdepl.@Ps ddeSel 2, 5% de pddoplubde 3,5% de Sn, as plus

de 10, 5% de Ta, pas p';gag %3"%& eg 232 g:g%mg:gz)gs gru}ep% 9, 5% de W

pas plus de 8,5% de P pl us de 4, 5% de
Ti, pas pld&ndBonque 1orsdf'iI¢'adeux ou plus de BAR 6lBblsis Qe seihélfe ddbassOfkS 1aldSr |

8, 0% de rM\granr:ie :;ﬁ("m Iespedelqd stﬁclﬂé;s Sied) 8clentiNdditibdnels M tels qu'ils sont comsnysl uséi;gus
7,0% de Ge, 4 Procédé SUI Payel@ﬁeq'@ @%@endsnﬂo'ﬁdsé Pldans lequeble Mﬁomssment aprés

pas plus d{éma%ge rocéqg‘s a’ntufl'j rev F{ﬁ:‘] onaﬁrdg s%uehﬁ raitementzt?lgrr:l%ﬁ lé)rlmgge e L&?é

Zn, A Condéugté Qt'ilfrﬂu ug rﬁiﬁ'r'&fu

sonme andﬁﬁa&Sﬁnﬁ&S Ia va eur - us t5 grande parm | es val eurs

speci fi ees d@ésPrGiéaéraiitant Iaddramdmamm garfsli¢opblde BirvidissmeotHpres dittagness conduit & une
Proced6 suYitgasqtde| refrgidi @"ﬁ@@q@V$n a1t|og i a 3, .dans le%Jel | e
refpoi diss '°:§ﬁzr gﬂ‘ g:zdj‘tfﬂ igatigns | 3.3, gans lequel Te frittage p5t sffertue danso nt
d au rmlzps £8d8 sui m afeam&vehacai.a\eems Cfahd RAuefe thREHerk BRHALUE €
t r ai t ement sekdnalsira Fticonguif muﬁ Boxﬂrséu chauffdye & pafitid d@ ndtbére dqilillel températgr@ ne dépapaht UN
nouveau cl“mfﬁﬁ@fge a partlr de ‘toute tenperature au- dessous de 7500C apres
20 refroi di S§e elc a 'EZ ?‘dq 5;0 éu@éemf lgl Igggl%ﬁytem a uree?{eéc?ie H%e g?;gaégga e

r ef r oi diys TP lp elie frrtﬁi Lt caRoN 9, Gk bl I@tréx’t@ﬁeﬁﬂﬁeﬁﬁiﬁ@es@&) ianele Sient

d' au noi nssuitoeﬁlumeﬂo.d.zsen{ahop&ﬂ. ridl térapdratlire LHaCHRALRANE QRS Bl €S revendl cations
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49. Procédé suivant la revendication 32, dans lequel R est égal a la somme R,+R; a condition que R,
représente 0,2 3 3%, par rapport 3 la matiére totale, d’au moins I'un des éiéments Dy, Tb et Ho, et que le
reste, désigné par R,, consiste en au moins 80%, par rapport au total de R, de la somme Nd et/ou Pr et d'un
élément R autre que R;, Nd et Pr.
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4,0%de Ge, 1,0%de Sn, 3,0%de Bi, 0,5%de Sb, 40 4, 0%
de Si,; et 1,0%de Zn. 43. Proc6d6 suivant |a revendication 42, dans | equel
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revendi cation 32, dans |lequel R est egal Ala somme RL+R2 A condition quo
R repr&®ente 0,2 A 3% par rapport Ala matiere totale, d au nmains |'un
des elements Dy, Tb et Ho, et que |le rests, d6sign6 par R2, consists en au
noi ns 80% par rapport au total de R de la sonme Nd etfou Pr et d' un
elswent R autre quo RI, Nd et Pr. 65; 50. Procede suivant Id
revendi ation 33, dans |equel R conprend 0,2 A 3% par rapport Ala
totalité de la 24 1 *1112i1 slillLI 11 111 111! 11 11 EP 0153 744 B1
mati ere magn6tique, d' au nmoins |'un des 6elnments Dy, Tb et Ho, le reste de
R 6tant au nmoins |'un des elements Nd et Pr. 51. Procede suivant |a
revendi cation 50, dans lequel le reste de R est constitu6 de Nd. 52.
Proced6 suivant |'une quel conque des revendications 1 a 4, dans lequel |la
proportion de R est de 5 12,5 A 14,5% et |la proportion de B est de 5 A 7%
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