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One i'dbj ect of the present invention is to provide novel pernmanent nagnet
materials or magnets in which anyesmesssisegeBtat erial such as Co is not used,
and from which the disadvantages of the priorartare elimnated. 50
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) The raw materials are inexpensive, and so the present invention is very useful, since resourceful rare earth

may be used as R without necessarily using Sm, and without using Sm as the main component.
The rare earth elements R used in the present invention include Y, and embrace light rare earth, and at
85 least one thereof may be used. In other words, R embraces one of Nd, Pr, Dy, Tb Ho, preferably Nd and Pr,
orthe like as R, but, practically, use is made of mixtures of two or more elements (mischmetal, didymium, etc.)
due to easiness in availability, etc. Sm, Y, La, Ce, Gd, etc. may be used in the form of mixtures with other R,
especially Nd, Pr, Dy, Tb, Ho, etc. It is noted that R may not be pure rare earth elements, and may contain
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or more of t aving a mean partlcle size of 0.3-80 pm are pressed and formed in a magnetic field (of e.g,
55 no Iess than 5 kOe). A forming pressure is preferably 500-3000 kg/cm2. For pressing and forming the powders
in a magnetic field, they may be formed per se, or may alternatively be formed in an organic solvent such as
acetone, toluene, etc. The formed body is sintered at a temperature of 900-1200°C for a given period of time
in a reducing or non-oxidizing atmosphere, for example, in vacuum of no higher than 1,33-10-2 mbar or in an
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mat eri al s Wpde|preferableris-a dmpositianateaobe inNetiablthe oserflieR dontaihs $6e% orighétef lightidre bath@le-
magnet mat BEAtA{Nd By), godiwhidhtia qomposed ¢fH12-20% R\5124 %t B, sherxlr ewiernfthé aduiitiotial elerheiesM -

(agi ng) t hE‘P '@?IP thP'Fr?r? HMero merethanet BiNp; noynogethiant8ihick e 0d more thm$.5 %\Moofio hdiethan
demagnefi z&P (ropatan 4, O np ete thgnd-5cbk Al noygesel tham 3.5 PhcTi, g maredian 386 Ento
Appl i cat i OP‘W aﬂg 5505 A ’"%:éfhﬁré’é cri¥n. peymers theg ?Bﬁe’&n“ tharet- Brfenenmdrthan
126802. A {9 3 g ﬂ“’H@" éaﬁ $bz %r“?'ﬁ ﬁtﬁﬁ@dtwetﬂagé Oz

t r eat ment g,%m

@meng the.additignal
treat megt, s °°n g e o8 e tts 'aEVrF(?c‘?é'?fﬁ r'tés9°° ee‘° achisve @imaxiof v
nd a h 0
the same as t,h@m 0(;% % N o al o gl ! at ed that some
be added :ﬁﬁﬁiﬁ%mﬁ"ﬁesl i &%mgaé E‘“‘*‘&f e 6& | a@ f’% N
it h f
whi ch are plsfibd élos % &, A8l G R DAYE S aﬁ@ih@%drﬂﬁe s s °e y bl S
aspect ,s5i t (HfaxtekdeBdih BWCTePdrticuly et Vi N@fra ﬁJAlt'H: laBE'unP P! t
ferably no less than 0.1 % and no more than 3 % (most preferable up to 1 %) in view of its effect.

With respect to the effect of the additional elements M the earlier application EPA 101552 may be referred
to for reference to understand how the amount of M affects the Br. Thus it can be appreciated to define the M



15 of Fe of the FeBR systems Tc'rises gradually with increases in the
anmount of -Co to be added. Aparall elgpeizgdesymyqy has been confirned regardl ess
of the type of Rin the FeBR base alloys. Co is effective for increasing Tc

InaS“ghtWMP Jny 9 barely 0.1 to 1 9. Asexerrpllfled
by(77-x) Fe thBis %: |B¥t§ntQ \ﬁl Qythltt;ref %% n
ca. [err] rfﬁ'iéep@ntﬁmd%br@ﬁﬂel Jilﬂo#rib difi gle thes l |¥
base per mangntions®&HBLrpictng ne’gr,‘g Hestngd the respectlve corrpone
(Fet Co)s 20 amembR¥Hafad.b¥% v he sahBre@fanisld st We €BR base magnets The armunt
of @ shoul d bao meretian @.724TAN SOndmdlsidan £7 %iNg expensi veness and in vi ew of
Tc I'npr ovemadhcmaea thals.o %IGe iggeseital , the incorporation of Co in an anmount of
5to0 25 % i n|nmrcase@nmaisotﬁ,pbma@ﬁts%emlmmta.abmmtqmrn@untfeeara péhmitted lgl, &, Ca, Mg
Conposed of(ee@h BOndyé than 4%);PEnd¥oo; thand. 31%9)sSend rivaeth&n(2.5%) (i (@amebre theh 31334) AR srovidad NQ
subst antq althaythEeum isihemas thap the maximmn thewginet s accordi ng to the present
i nvention shoywheidaiews, the fsventiveranbedimentgyvibbeesxplaited with refarense tofthecexaniescit iv endeor ce
of no | ess StoRgHowevricihatfhepregent imuqntionds n WéPY the eempleshnd Heman®yr ofgiescriptioh.es s
than 6 kG aanb'S§<H°t?Pf"°'as'Y?asJa?VmHPrP'@PPéﬁ'e§§ the ERRRbesq meppanent megnetscuEpargd by/thé fol
that of ha o‘g’ﬂGéPPﬁ pamelyopalies.tip gy jahles 610 1 i eilRandra @29 qqumgrate fie prorertiepi n
conponefit s P?@F'éemi maghtt b?‘ﬁersé’ @ﬁF‘E“Hmf' ?§F‘j °"aFc?BRcF(?E ﬁgB'W)F"dEfGC%W re-
hi gher of *A2 0S 3 27 % B, no
nore than 50 %i% totﬁ%sqginﬁﬁ" ;E;éj ﬁfﬁ*, nF’ feggﬂ 'i'l‘_ﬁ ﬁ"’él‘f"é T‘ @B@ig
resultin (B lloy {
g mazh'{‘? sed , &n 3 hee anty %, r
conposi 4 onal purn@']%urltlgs ﬁenyrsa polis % or frgher of
%/and whi ch |$|m,c§9§@gg pufity wadussa - o B, no nore than 25 %Co
t he bal ance TheMngedsso 54, a0 Bi, @h, 28, Eesn 3h Bl &achéfsa%pun | WloPogl® Gf?}ﬁid?
magnet I C propsd % psrity ﬁﬂHﬁG@ﬂ%Qdmy Weﬁ&frdﬁﬁluﬂt:orﬁﬁmgpﬁ% %2t GG RN 4R 8lunt Son
reachi ng 35 MaUcfer@dniobion eontdiiigB7.6%% leanﬂfbrrbﬂlﬁﬁr\uﬁm&aﬁmﬂ/m Q%@r&@@%&ﬁgﬁr\ﬁm
coef fi ceent (ampCofesPictivey. N0 hi gher than 0.1 % [err], 35 which neans that
t he tenper at UREThd egvenatestoaterias Faw bel@b bmednﬁlofaalgh-&ﬂiudﬁﬁy indictio) AR bighinium chigile 25
% Co cont ri -wasiheaysad@s thacrueibls.@gd castingwvaseffdaiediin acketepcdolad edopergnoldttdiabtainingpet | C
properties (e@uieingts optained bymeitivg wete grnshpdio t35o® st aidipyivesipdddn atalimili in sach aavannent
of no hi gher h#&e gven mgan partidlesizsonas obtaipedof 0. 05-5 % [err], 12.5-20 % R, 5-20
% B, no*hore ¢hHia Parieniwers frmed ynder thegivameressye inregnap@etlafwldaﬂsthapmycmmfnsqsmp gy
product (BH) "?t hB‘ée"ﬁ"a‘Pﬁ‘T"%?i"Y?éaffe&ted Wikhoutapplicatien pf anpmagnetic figdd i Hc to exceed
10 kCe. To s ?fﬁbgﬁ fisintered & \t)‘@rg“'e't fEPesgtyre withing rapgeof 909;1360°Q fn the given
treatment is ﬂ?s[ppleé? ?fteﬁ/ﬁfrgﬁ‘{}’@f’te dfothe giygR heat tsatmsptsg 23 04 [err], 13- 19
%R 5-%41 9§ nore than 23 % Co and t he bal ance being Fe shows a
maxi mum energf product (BH)max exceedi ng 30 NGOe Over the the FeBR systens

free from Co, addié HalNgEtbRbsibd? PReStARGd 1 .H& Rgbe %ﬁasg .He%‘b oalhéTmel
better tenigimdntrgon$eLMB ebitvith 3 WateREdBlel b ‘?:Lg Bt\éﬁ du% gﬁ‘ﬁz .ﬁa iﬁ'e
rect angul and foindd thalF4BBERLEY edhd & BtamblflfiSahd Wiis th : st he
e iU mee N @in@dy mB4ne dtitall @il i 2k ergbrm%&w&!i‘e The bbRf ;toweas we°ré PeRed&h

COr r 0Si ON- rs@rd oS220Mkg/da @ re@netic teld 6F 10 KOS iakd Werd Onterbd £ A thorer muerh i lﬁ?brﬁ&n%‘ﬁce
to those boas2% posty.tAtier sitkling, ittersinetedGody ik icboldd@olh 1 Foomaeripefaturd &Gl cdéling fite of
subst i t ut i $g0°Ciin. Behsequkntiysthe dging treatment apgéfiected @ 8200 for VarbiIE pBrivaginiah Brgérdhinss-
magnet s, pahere,dalipwing opoling totno higlsen that 650¢C 4tlacodingnatd of25610Mii tadd thd Agingrtebitiefitavds
CONpoSsi f o furthgrcaripi-) uab80QFE far 2 hpussil bidin tEMagrets afths p@&entimentioness Co, whil e

t he nost pref Befesyting reriedigs greyet ot Tahle 1elongwith thesef th GomiptitiSon exhrhplawshefsd
23 % or Ieé‘k"%ﬂ?""sﬁﬁbg‘t fRafrannt yesapRlies 8AMC. | evel of the inpurities as the FeBR
base magnets applies to the FeCoBR nmagnets. According to the present

i nventign, the certain additional elenments Mmay be incorporated in the
FeBR base magnets as nentioned above. The additional elenments M conprises
at | east one selected fromthe group consisting of V, Nb, Ta, Mo, W Cr,
A, Ti, Zr, H, M, N, G, Sn, Bi, Sb, Si and Zn in the given anount as
set 55 forth below The incorporation of Mserves, in nbst cases, to

| nprovegents in coercivity and | oop squareness particularly for the

ani sotropi c magnet materials. In this case, the heat treatnent as well as
the other preparations, e.g. formng, sintering etc. are substan- tially

t he sane as nentioned above. 7
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EP0338597B1 The anount and role of Co," R and B are al so substantially the

sane as grven above.
per manent mnagnet s,

Now,

referri nger@sss gy Eaddi t i onal
they serve to increase the coercive force.

el ements Min the
Especi al | y,

they serve to increase that coercive force in the maxinmmregion of Br,
thereby inproving the rectangularity gfy

agneti zation curves.
increase in the coercive force | eads to an |ncrease in the 5

The
st abi

lity of

magnets and enl argenent of their use. However, Br drops with increases in

t he _amount off M X tnat easgn t2*e|re15 a Jeg um ener gy
pr ct (BH onj akgilng Rhheyqd aBx vely iBefull eBiimakni a (BH) max
ra%g'j% of no Ieig%ilfitqn , 4RhRte therle &G} rlcék@e) ilncridi§9ehg
applications ive farce ils needed at - IhF‘ nrice Of 511 ght
reductions ir| (BH) mcomphraticertai n the jef fﬂﬁ-?t Df &h “addi gﬁ el ements M
upon Br @ Br s (Rftmnr dsti Stagm Adiagburtg' Mto changes.

In order to Fow-Br—tuexgeed U)é far—edfott—4—igc—e+t hnd

(BH) max to exceed far tout 40N@Be of Heked f brlPtE the 2’L?pﬁer imts of
t he anmounts Mt e add¢d are. T|.xed gdsS J.,OlJ OIS 5 12.5
%Nb, o 8200 209 o 10T 162 Poarss0, v[(mé’ 4 8.5 %
C, 9.5"% A, g0 44 %Tip 112 0] Yadle 20 29,6

5.5 % Hf, —83--0 : 0658 ] 3.5
% Sn, 5.08280 Bi t 11.2 5] 010%9 Si} 29.1 2.0 %
Zn. 25 Except e—Yher—+0 Or nore

of M ar g cont
t

ai ned,

the resulting properties are generally represented in
rns of the internmediate val ues |ying between the characteristic val ues of

t he i ndi vi daxahpi€t enent s added, and the respective anmounts thereof should be

wi thin the aforesaid % ranges,

30 while the conbi ned anpbunt thereof should

be no nore thamalibhigvingaxcampositioa bl TOR:16BNE8Pr il dtdmid peRpitage wadolitdied bR¢Nigin argon
el ement 5 agasart aed dagting with awateretoolédcopeemalfl.dhe gitainkd it Misé ©oghlyqaivérized s no inbve

per manent

( BH) max f armeangde el
conposi t i orf2aAgnetifig) %gg

rare eart h W"Q@SS'H‘E'I?F E°d

% B, on ory' t'Sthet“}%’g F‘F'ltéﬁ’ﬁ%l?ffe
nmor e than 1 "" at
L,_hgn%7T|5 % m ﬁ?ro r|e ae e Ol |2T

M, no gpret %NI,
rmrethan40%B|, no nore

nore than 1.5 % Zn 40

rteap48 meshaly atbEmilh eadwastfinglypulverized to almearpasticlemize ofi3namdmaTayganio Bahauicly
Il.;Thethusygbtaingd powders wene gregsed andyoune

(EiEcyessuP off1600rkgidm? i aa
A ki acvers sinteseeat A140°Crior@davra 933 by angomer 9009816

purity- Aftérg ht

WP coppd) d°‘"%1fﬁ €P°Wf‘ﬁ"§’ﬁ"af“5° Eaepalng é’(? ‘61501@“@-@‘%%'9"3 27
tures24 specifiedn\Jabler?,

arat
dlo w:t ﬂsg r_?ﬁ%ﬁ

t vari

no rmre than 5.5 % Ge,
than 1.5 % Sb,

n

el enents M as

RN
30P/win, 4ad the ?“8"“?/8‘?96 ag'FRJ"?'FBr e
ts f e gre wtlvgm
Eongpafigon e’f?B""ﬁ'g ’Tﬂ%‘P'%agﬁ %
no nore than 2.5 % Sn,
no nore than 4.5 % Si
- provided that Tahdes@m thereof is no nore than the

maxi mum gi ven at om ¢ percentage anong the additional

no

and no

contai ned, and.the bhalance beind substantially Fe, since
(BH),maxpaeferlabggesgg gs 10 I\/GOei Mor.e pr ¢f erabl e |s a co 05|t|ona range
in which the oxgiag! TEmpont i Aging Rime.n; g?gg é ra e =I e-
ments (Nd, Pr), ag@cphich i confRiadd of }2 ) nor e
of the additijprmatr—etemenmts—i= m—6—5—p~—1o more trer—845 % Nb,
no nore than B.5 %808, no npre tharRes.5 %4MoB.80 hokk.8han|4A%% QW no
nore th&h 4. FvsCrTTOTOTE AT ST St AR —P - mor e
than 3.5 % Zr] no BBBe than|3.5 %30 no lijrB.Dh 4107% Mp, I®9or ¢ than
2.0 %N, no re tnan 4.0 J0 s, 1o nore ghar ; 3.0 %
Bi, no nore than 0990% Sb, fo nord2Ghan 4]0 88 pnd3le8 rmofe Ihh 1}0 % Zn
- proviged that the _sSum tnegeor 1S o norg THam e Taxt mojm grver =g oni c
percent age anpng t 880 additilmal el nts- Y a8e«donf ai Bed, ahd ¥he? bafance
bei ng substanfralT Fe STNEE 1T 1S possTgre to apm eve (opymax-of—$0 no

| ower than 1 a h| h of Ve i, ghe onppsi of 0.05 %
[err] 12.5-20 %35‘% no m?' e than 35h%8C01 andst hel ba %g%e bei ng Fe
al | ows & maxi me energ&i’% (it (BR)Max tq be marficarned af no. ressithan 20
M3Ce and i He (Sﬁi‘% stage aging) 8.4 6.2 15.4
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kCe. ‘To such a conposition, however, the effect of the aging treatnent is
further added. Furthernore, a com gpapasgserBiof 0.2-3 %[err], 13-19 % R,
5-11 % B and the bal ance bei ng Fe shows a maxi mum ener gy product 55

(BH) max ex | 30 MCe. Particularly useful Mis V, Nb, Ta, Mo, W C
and Al . The anount of Mis pre- ferably no less than 0.1 % and no nore than

% (st pr egLs.RlIEs sthelcOmpbsif@ns |thch%WcQ’ftagb ta8 spebibiSdih Tablal wibrd BRHEE by rhditing Ne
ef fect of tifyg gashid dnt eAakg vith SWRBLBoiM dopifRr R4, ThédioyaRBlelréiahIy mweﬁﬁmmm&aﬁay
be ref ergr ettotmasrf B meafs & BRAMB milPard WARITREIRPEveRRY I d¥Rean PRIAS sigtf of Hhumfid MCdrganit e

J hus | tsolGénbbyifeadyiph Bl Bid poidettierd fesbdtRinddofmed at P3RS 2008 ko/aiitinialinag-
dependi ng et Tiekirvy 12, sreidveld sirtedatiedt 10868 forr 2 hdue i ()2 b @r b9 VGIR IpGrity| BdoMad Dy
subst ant i alrépjd coblieg to e terperatues at axoaliyg tatedf GO1DATIL. Subdeduentlypihé firstastagesgiing treatmém os e
ment i oned Iwes effested bIBAN°CTdr@ heurmin A5 bHr At df bignpluityt follpwed bysiogingtoing hilyhes then$30°Cas
t he sam® as coeling tafef I0GG/minrapthithe eavew-stage agingtrepimentwag crntiected @tA2DWdef 4thhtatobtgin
no nore t hdke inented lpy/magnets olherssiitsiofitip magnet mepprtiense pas fogth infable 3 algngowitifthose of no
mor e t han 4hercompason expraplesdafiepihe first-siage gginp trptements present. In the case of
the isotropic magnets generally certain anount of inpurities are permtted,
e.g., C _Ca, My (each no nore than 4%; P (no nore than 3.3 %9, S (no nore
t han 2.55%, Cu (no nore than 3.3 9%, etc. provided 10 that the sumis no
more than the maxi mum thereof. In whX@blel Bows, the inventive enbodi nents
will be explained with reference to the exanples. It is under- stood,
however, that_the presept jnvention is pot linited by the exanples and the
manner dgscri ptlon Tabl,es 1 to 20 ijhcl gsi ve] sh t hef p @ﬁﬁg of the

bagje per manent ﬁﬁgﬁ@?étﬁpépar ed by tqgg oI rg%gg g i i\t

Ta es 1 to5—Tables 6. t0 10 Tahles 1§ to 10 20
enunerate the L of the per ha rfia es_of _the
conposi tiong bgégggé% géBR FeCoBR, ., Fe ind H gge'\‘:tlv ly. (1)
Referrlngto—(-he—eﬁf-uﬁg—m%-é—eﬁ-d% rity

(given by wgj g shal | here t ityjof the
raw materi alp 35"418%2'3? e, . a ferroboro% % é 38 % g 21% Al
0.74 % Si O'O'S‘%'ﬁ'mm—rhe-b-a-l-a-nce—of— S ee—as el farsﬂearth

el enents of P purity(| wnbky offher rare
earth m®fals %vggeigggbﬁdgec} El ectrolyt]c g' of QSjJ 43’/'%@3 §sed as
Co. The Musgod—was T4, 11, B —vr—SsSb—fr—Sm; 99 %
purity, Wof} 98¢fepyseiigyTh oOf 99.9 % ‘_)urlstn_ ah A S Ysp gnt;
Ferrozirconijum cont ai ni aining 77.5 %Zr, f ek r ovanad| um cont a ni ng %V,

were used as esgestiyel g.9(2)] Thesgraw nggnet
materials wdre %FFﬁd fiEane Bﬁlﬁ'ﬁah- requencl inductipn. An al ufi ni um

cruci bl e was t@gp §§§ S §he crucible, fand casfirng was grrectea ri a
et e E

wat er - cool ed t gols. 7.9 [he%i.4gotE obhrapned |by
melt) ng aver agrg %b'hﬁg il verizefl in a bajl mll infsuch a
manner that the given nean particle size was obtalned. 30 (4) The
powders were forned under the given pressure in a magnetic field. (In the
producti on Examplgdt r opi ¢ magnets, however, form ng was effected w thout
application of any magnetic field.) (5) The formed bodies were sintered at
the gi véh t enpePdraleys ofihe ffowing comapagjiions in alpails:-rewsentage wareropiaingg by melting inhsgss erce
and, theredt é‘?s““&/(léq"éwé"ﬁ gleqd eogper pold e glioyayprera 'W\'"@&Pﬁﬁ'ﬁ?ﬂ"s!“me&!S“ Bmerhve 1
An al | oy hd¥93f fas rewesR{ingly p“P"FF@QBf&NB"R"‘ﬁ""&F'B?ﬁf& @PE%‘SR Rty means
obt ai ned by"fﬁP H"'W ‘&p"i‘f’é?’Pwe'Fﬁ sﬂeﬁa’}f orap g r‘lq 1’{' of
8 180 foy (RERFE fllgwad by “aP"'

f

wat er- ¢ %)l coolmg g@oom temperature ata coo ng ra e of O(g m| Subsequentlgj,qn %— tage aglng treatment was
effected at 840°C for 3 hours in 0,85 bar Ar of high purity, followed by cooling to no higher than 600°C at a
cooling rate of 180°C/min, and the second-stage aging treatment was conducted at 630°C x 2 hr to obtain the
magnets of the present invention. The results of the magnet properties are set forth in Table 4 along with those
of the samples subjected to the first-stage aging treatment alone (comparison examples).

ferroni gbi unpC %.?/“ ggagcg %% I\ID ana TErrochrofrumcontgrmmg 6§ % O
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to no nore than 40 rresh'by means “of stanp mll,

pul verized to a nean particle size Ero#3s44rB1
i n an argon at nosphere.

pres- sure of

2200 kg/[err]

sintered at [err] .for 2 hours in 1 bar

sintering,

cooling rate of [err]/mn.

the sintered body was cool

Subsequent |y,

and was then finely
[err] by neans of a ball
The obt ai ned powders were pressed and forned at a
in a magnetic field of 10 kOCe, and were

mll

on of 99.99 %opurity. After

ft to roomtenperature at a
the aging treatnent was effected
at [err]s for various periods irn_an argon atnos- phere, followng cooling to

no {ni,gher thap 650C at a cooling rate off [ecr]/: niH nd r eat ment
was 45 further carriCempasitioperr] fod 2(%% urk i ﬂ@ig het s of
the present i ntion The resulting nadnef Pro e Sell N in

Tabl e 1 al ong} WwpgpebBiosRgof the conpari don segan I gzv\lqer e} 8°SI npl e- st age
heat tr&at menf—was—applied-ferr] 50 55 £2r§338597m Tnh 5t St age
Aging Tine B79Fe7B14Nd . i HCS.S 13 OBH) Tax é\gzng Tenp.
(hr) ____é.k,g (kf’v\e) (l\' Lﬁc@\_.rrJ ra¥aiaPTs ative 10
(After 1st St agéare\gsmgmzca . ]ﬂo. 5.6 12.8.2 5.9 2.1 820
0.75 +0—6— 2L F 2 1.0

11.2 ™ 1] 36Fe9BLSNA 29 4 15 §20 s.2 | 6.9 POs.2 11.2
12. 4 2§=€te£olst stage aging) | 8. *

29.1 20 Exanpfe é Yy mavig-a con rTTon

per cent age wap Eg E y_nel ti.ng,in, arjgors, 35

wat er - cgol ed ,og Fo 7ﬁggﬁbfag‘ﬂ%b [l oy- wa$

my g than 40 nesh by a BalT mIll, and was Ti1nely pulvert zZeo

particle size

of 3 [err]

in an organic solvent by neans of a ball

mll. The

thus obt ai Esanpiecérder s were pressed and formed at a pressure of 1500 kg/cn?

In a magnetic field of 15 kGe, and were sintered at [err] for

2 hours in

0, 33 ba# ar gdie-BRalBg: BBEToléwing conppsitiohs hetomiipertertagengere sbfeines by HighHRGueREYMLItMRS

cool ed dowin andvr gas@nd castinoevithia water-cabledhcopmeoimplg rat e of 150C/ mi n.
ylyerizedigmarmate then S5 elesheytmeensf abp s@mp oilir and avereVfinely Ou's
apsrd B pallanilt: Gherpbtainedywpners han

30

[err] at adg'ig

ment wa¥

present i N
along with
treat ment ) ¢

ly, the fThﬁglﬂ%wqg@u

t enper at ur & "eé.'é‘edé a?;?gn%g; ?F;‘;éﬂ%’f"%’:’ gm$Mwa A
U hmagaetisfi¢

S'T Ar ["E P? %befFV- folloysd Py rapidh casling dq raom tempereiua ataroeling t he

ertles are set forth in Table 2
mentwas urther nducted at 620° ?rs hours

'@(‘:"toe?& b

ﬁ ti n
aco§|n eo

u‘:seq

M

fellowe

Subsequent -

wgretsintesgd-at

( ) ?er i ( henprll':o nt |n g elo(:fter 27 sult )6{ the magnet ;;ogﬁr&;s are set forth WEE%a 5
11.8 19.5 45
Table 5
U 4
Composition (té y t (:g:, Eggé::"
45 79.5Fe6.5B14Nd 13.7 10.2 44.2
zgsxsngzg;i?\];:!j:s-sintered) 13.6 7.2 41.4
80
Example 6
. An alloy of a composition of 62Fe6B16Nd16Co in atomic percentage was obtained by high-frequency melt-

ing in an argon gas and casting with a water-cooled copper mold. The alloy was roughly pulverized to no more

than 35 mesh by a stamp mill, and was finely pulverized to a mean particle size of 3 pm in an argon atmosphere
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 15 kOe, were sintered at 1100°C for 2 hours in 1 bar argon of 99.99 % purity, and were there-
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850 120 8.9 11. 7 19.9 900
120 . 8.9 11.8 EP0338507E). 5 50 950
120 8.7 17.2 720 Conparative

12_0 aftercooled%o@ toroomtem er§tul% ata cooling ratL%f B%O‘Qﬂmpﬁﬁ%mg ir% ﬁh@iﬁa gg%g
agi ng) outat800°Cforvanoustnmes§\ on atmosphefe. After cooling to 500 rried 597
Bl Exanpl e rale éfaedsciming ileQyifg @Jatrﬁ Bwds AUHRB oA duStEtPat 5§b°@fopémoﬁrsﬂ%bﬁmﬁﬁ%net§§o-
speci fied icordingdltiee plasemi@ivention) tred resifls bithd Mdghét PebpérilesdF the Bistaiftd Maghbis dréiset okl
W th a wat arTable8laRog WitNt@E of thd cbmpdridn éxbisly Fhatdid helsRYSRing wak bppiéd at 86b ¢ for NO
mong, t han Hhour. Tale éragishis thetamyradire coeitiait R (%P E)lof thewaslduarmagndtic NG dendky [BY)RX ihe ©d
to a mean paettedaliey redgnats ohetifer it thit of the mparsgexampls @heréméniyyie-siagewying wadapdal |
mll. The pledders were pressed and formed at a pressure of 2000 kg/cnR in a
mag- netic field of 12 kOe, and were sintered at [err] for 2 hours in 0,2
bar Ar & 99.999 % purity, followed by rapid cooling to roomtenperature at
a cooling rate of 600C/ m n. Subsequentl the first-stage aging treatnent
was effected at [err] for 2 hours in & Bar Ar of hi gh purity, foll owed
by cooling to no highér. .than 630C at 10 a coollng rate of [err]/mn, :and

the secqnd- 8 t-ABAL— WA S-CoRC for he to gbtain
the invente Mirqy empunet sAgifigeTims u| t sSBof | heiBmagnet (BMomer{i es, ar etl'set
forth in TaEI e 3A%ong wWth tHS3e of | t KECkohpbkedon| ex@pers| (after fhe
first-stagegagl ng t&&?ﬁ q 10 Ia)lgldou 6.9 ) s- )

Br | mposkiQ@op . 6. 9. (eDssS

(kCe) 2 -Eﬁggﬁfﬁﬁgha £ Jasghonpo : iy a1 143
ZU 25 69F¢15B14BO2Nd 0.75 . 11.3 |...9.385 26.4 }20d85

15.8 30 ﬁd&@i B89 -10. 9

17. 3 66Fel 933Nd7 99 -0. 1.4 |..138 |.. 3295} 0084 | 15 2
35 69 S} .

14.2 (attor " ngt).o- 11.4 |..13.6 32,4, | 0.08¢8 qﬁ8Nd7Tb
7.9 11.0 a.&fter |140.3t agels.algl hg) I2xanpl €040885

Fe-B-R al | oysS of—tte—fot UWI g bUIIpUaI oS iratonre percentage—net-€

obtained by nelting in Ar gas arc and casting with a water-cool ed copper

nol d. The aIons were roughly pulverized to no nore than 35 mesh by neansof
a stanp m were finely pulverized to a nean particle size of 4 [err]
in an orgaﬁﬁ@gﬁ vent by neans of a ball mll. The obtained pomders wer e

pressed and f %f os%no? 1(380 gjo&e [z-l;ﬁkg aso m nce Of an

magneft ic fi %‘: I% Eﬁl a%ﬁfgé&o?ea pe r%l h ta was r{) r| ed 5(1

% pur i t 4, xsta.a,p.ln %&Hﬁ) oi% d%gﬁ’

rate of 40@ (-BAnd of abHN$RA 6 Ybtathed b 'm)én%tpre% é%gﬁd

at [err] f elagnatiéeid 6F 16 Kod) w&e siR@fed 11SUC°C R & Hourdhh b2 bar b B &‘é@ bﬁurﬁ? J\p&e t 0

no hi gher tHar@rtdresdiel t&Bon@teﬁ@é&iter Bk alcadliflg fafe of-RB0G/iih. e REta fgm%%@&dle%sa&e

agi ng tr eativeasrhperdisiosCas BpustibeH Tale 1iRL,66-106mBarVadulm IhlloRéd by oind 18 B5LRE 8t sQbolihg'©

priesent i nvatedf BSINC/mhhSubseaBently, heGbcohdiStaddRging rasRbSip@4t 620°6 foPd Roufe®d ébm‘rithb thdy-

Tabl e 4 al oetgacsprting bittegesearft invdntions Thjpdseits of th nagrieilopedied 4na the itdriperatuber@erriaght NQ

treat nent % o(tbq;rnpam rsagnetig Xiengensity XBr) of the magnets according to the present invention are set
forth in Table 7 along with those of the comparison example (after the application of one stage aging).
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55 ' "EP’'0 338 597 Bl Table 4 5 Br He (BH) nax

i
Conposi tion (kGEp 0338 597B{ kCe) (Me) 10
76Fe9B15Nd : 5.4 12. 4 6.0
79Fe7B14Nd 5.6 13.0 6.2
78Fe8B12Nd2CGd 5.6 12.3 5.9 15
76Fe9B15Nd (after 1st stage aging) 5.2 6.9

5.2 79Fe7B14Nd 20 (af t er Tabde 7stage agi ng) 5.3
7.4 5 5.1 Exanple 5 25 Fe-B-R al | oys of thefollovvlng

copppsi ti ons. ] re obtained b oQ el ting
in an Ar gds agifg aeabl N§ Wgiky Tiwat r - ®@ol ¢d tE®peE] wer e
roughly puljveri £¥) to n§ nor emiaian 35 (rkﬁthjfby(kmian‘ . and
were finel ypurvErT Ze0 0 & JIEAT panricre 3T Zs, ' _'o‘-
sol vent by rreans%@r a ball 49 Thé t'gi ied D b . ' nd
formed at presggy e of 150011@/[err] 11ga {MBgPSy i ' | ,| and
wer e sinter hours—ih—Ud26barof—00.-04 v,

fol | owed b)l r api 80cool i g t012Q)om terrr!é-ratLrelaua £00130d r 4

ﬁg‘['so mygiﬂag ;'?(L:l' (ga'?z g‘gﬁr rrlate

t hggcpnfluct £ gat J [ @683 f of 3

[err]/m.n. [SODSEQUENTTY T g
hourin bgr Ar éjufvbollo vl%’qol N
of [err]/ m}n, angkg he a |_ng {aeat nerjt viasbur|
hours to olftad

+he—-gdsu-t-5—ef t he
magnet properti es &cwpaxativerth in Tablgees |3 ong t Hoge the
conpar i gonﬁ exdprar LaFtEH298 3AIng)|. b"!‘Ig:ts)l € a.{ I 4.4 i acopj
(Qme Conposi tion (kG (kCe) )
79. 5Fe6. 5B14Nd 13.7 10. 2
44. 2 79.5Fe6. 5Bl 4Nd (Conparati ve, as-si ntered) 13.6
7.2 Exampte®. 4 50 Exanple 6 An alloy of a conposition of 62Fe6B16Nd16Co

i n at on#c percentage was obtained by high-frequency nelt- 55 ing in an
argon gas andeBR&q dlleng ofthet damppsitiensénrataminiersentage 39 epecified ioiTablg Baverd dbtaipedyanelting
roughl y pulmason sespre. andesting wih 1 Weter-cgded nopner iygid.The phigined milavs wera reghivpuiverizead| v
pul ver i zed e mereaiA0yagsh py.q glargp E‘@ o “’Sre[f@?w ]’“"‘Ieﬁzeél‘P aa'F‘ pariele plaa it d e iy
nmeans of a°WHaNgsoypt PV mepRof g Bl & ‘P °<§.'H'EF ﬂt BP’ﬁtsH"e&f 1 5
pressur¥® of‘g’zﬁfdba'ﬂ jrpeld H”ék ’éts @W@TWB%PWB
[err] for gn. I %1 te ra wfelﬁcoo%{ﬁ hef -stage EP
0 338 597 ing was then effecte or2 ours in O bar rgon, folldwed by cool mg at a cooling rate
00°C/min. Subsequently the second-stage heat treatment was carried out at 650°C for 2 hours to obtain
the magnets according to the present invention. The resulting magnet properties and the tempeature coeffi-
35 cient a (%/°C) of Br are set forth in Table 8 together with those of the comparison example subjected to one-
stage aging alone.
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afterfcool ed down to roomtenperature at a cooling rate of [err]/min.
Further, the aging treatnment was cearrgaesengs at [err] for various tinmes in
an argon atnosphere. After cooling to [err] had been carried out at a
cooling rate of [err]/mn., the aging treatnent was further conducted at
[err] for 2 hours to obtain the magnets ac- cording to the present
i nvention. The results of the magnet pawaesti es of the obtained magnets are
set forth 5 in Table 6 along with those of the conparison exanpl e wherein
one-stage aging was applied at [err] for 1 hours Tabl e 6 al so shows the
erature goefficient a (% [err[) off the reasi¢gyal mgt& Uxg dengity
¥

(Br)” of the nvent e(F%PPﬁytiﬁagnets to etdge; \M t(Rodhaj o Coquec) sqn
exanpl e wher s—ap—p-ed—i-O—Fabi-e AgReg—fenp.
Agi ng Tinme 59Fel0B178d14Co : 12eB) |max24®er|] 3‘.0 08 hr)
kG 10 (kCEF) | ) [enjr] ar LT ye .0
6.9 S ﬁfrgaguér%%gow% (after 1131125? e ggl’ Ka 2032861) 0'07'

0.75 { é2Fe8B13M229n15c0 .26.4 11.8 |0. 86 8pP0 24.8 o.08 1|0

11. 4 13. 8 325 S—084—25 866 4.0
11. 4 . 13. p 46Fe6B14NA23333C0 -0. 04 08 13.3 27360 |- 0.06 | 10.3

13. 4 1 5 30 Exa n akl py|of onposh| af
60Fe12815Nd’%Y1?D%eg|mﬁznat2g?ngor&§pr cenf anﬁp'v\p{ ontai hpﬁ VAT .1‘§iJ_‘I ) ;191 6:{](1 n gas

arc and cast ResBiRNA2E@2 60 COOl ed c%pper mdl d. The|obt ai ned{ al | oy wels

roughl y pul vir (Gomparatives nore 35 1 han SteRedh bf-d $tamP.Ai ]|, 8rF wgs
finely gyl vepized BE*eF ABEPHIPLRE s ze of |2 [err]lin an orbanic sollvent
by ans of a ball mIll. The obtained powders were pressed and forned at a
pressure of 2000 kg/cn2 in a nmagnetic field of 10 kOe, were sintered at
[err] for 2 hours in 0,26 bar argon of 99.99 % purity, and were thereafter
cool ed to rexampléenperature at a cooling rate of [err]/mn. The first-stage
aging was at the respec- tive tenperatures as specified in Table 7 in 2,66
[ err] mbar vacBeBRCofly$ oitkedfolloying campositipns v a@b@eentage ol ablapedity melting argord gas
3500/ mi n. Sudand castingwit) a watkrecogledeypiir mold Jhe aligysiwgreveughiy pyblerized toarp mpretiiah 25 mesh/
hours to olRvagiskeme mdl, MW’%@F'SP%%#& ap partidiasizg obkmin ap prganis soyent bymneans of

results of %%mﬂa dus Powdses W&f?d"'etsFPé apgigime Fa’c%’@s‘&)@ﬂfqod‘ﬂlé'ﬁ‘l'“ the absence
[err] (%% er ter]a')v “E?B"%“ﬁ@e"i’ ‘eﬂwmt é?%oc,c oy ?h'aeua@h%ﬁ 99%@" F‘Fé%'%'
accor di ng "E ‘Eta 'i"Ha freat-
t hose of t h'B:" Fgg% ‘?;_ ‘é’&%f &, ;f-f‘?'"tol'f E‘E ) eéﬁ"’" 'ng I'ﬁg) .
gS 50 65 143 agnets ac ﬁhe esep'lls nvention. T ere th mnet prope setfor 9
( R/GOE) f% wnth thos?g Jnson exi%e) whe the pnnTB’ atment gasla.%%
17.3 0. 084 800 120 . 11.8 10.9
0. 082 850 120 1T2ble 9 12.4 33. 4
0. 083
W 40
. Br iHe (BH)max
Compos:.tion. (XG) (koe) (MGOe)
P 65Fe9B16NAl0CO 5.2 13.4 5.8
61Fel0B17Nd12Co | 5.4 13.6 6.0
.| 62Fe8Bl3Nd2Gdl5Co . 5.6 12.7 5.7
50
65Fe9B16Nd10Co :
(after 1lst stage aging). 5.2 8.6 5.1
61Fel0B17Ndl2Co
55 .| (after lst stage aging) 5.3 8.3 . 5.0
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15 < 900 ' 1200 - 11.9 13.0 33.6

0. 083 950- 120 EpJo]339597 Bt 13.2 33.9 0. 083
Conparative 6.4 20. 4

0.083 (aft%r 1it Stage agi ng) Exanpl e 8 25 FeBRCo al l oys of the

conpositio ZaMele 1% omi ¢ percentage, as specified in Table 8, were obtai ned

by nelting in
The obt ai negh & gﬁg‘*ﬁigﬁfgﬁm A A pdBni vl oS S RAPE ot

st arrp mg |, afifd ow%fnsa dilbyaSheYe B ﬁlbe}uﬁ‘éi t§ Ro Mord 8RR 3DRbshiby laRtafb &M, &d werd fiely ]
an o r g a&lﬁerﬁ&] t4 & RbarDértioB af%f 9 m h A dlgbniddolvent byl @nobradbingail Tﬁéi)bﬁﬁﬁfeﬁ pokiREe
pre ed anGuebeiréBRsH dnli formddf 4t 8 prebsareddt 1500 RGIcmn a Wggrtidfield of 42 KBy Bl wete SinterbdlatOf
15 kCe, wer1esmc fir 2 hals int0,26 bar ardon b1099.98 % muitysfollawed by@pid evolirgtg mom tdmpBiaituiitat &6
purity, anctosting mtetdnstoeGhiner rapi dly cool ed down to roomtenperature at a
cool i ng 1 at e Tfe dgipg tr¢atmenhwasTelffectdd at 800°C fonyouat)ban gr, foiawed byegpoling tareenetgmparatiirer r |
for 2 hour satawomlgmed@')%QO°Qimig<ﬂubseﬂ®hllmmlee€tmeﬂltwn%yondvctﬁéﬂt5?”%1"%!‘%'3&4’%?
rate of [ erthdmagnets ofShetpsesentisvantion Thepesultrent b oagnetriepentiesare tef fedh indable 1R glgng wit
carried outthmoi[t@qqoppqrigcpnezalmmagerts@temsi ain the nmagnets according to the
present invention. The resulting nmagnet properties and the tenpeature
coeffi- ™5 cient [err] (% [err]) of Br are set forth in Table 8 together
with those of the conparison exanpl e ®aM3jecdPed to one- stage agi ng al one.

6.3 203
al l oys of the foI | ow ng conpositions in at oni ¢ percent age were obtai ned by
nmelting argon gas arc and casting with a water-cool ed copper nold. The

40 45 50 55 14 EP 0 338 597 B1 Table 8 5 Conposition Br

I Hc ( BH) max [err] (kG) (kQe)r (MEOR)

%[err]% 59FE10B17Nd14Co sr 12. 3He (8Hfmax | 34.0
0.08 10 58Fe8B14Pr 2008omposition (x612|2 (xoe) "J12. 4MGOe) 32.5
0.07. 62Fe8Bl 445 Ho—o~ 24.8
0. 08 46Fe6B1 5B14Nd6Co 13.6 9.7 1B. 5 41.8 27.6
0.06 15 60Fe6 \1u4r|U4 T2 57 22.8
0.07 60Re6B12 13.4 6.8 . 39710

m‘%&iﬁéﬁr}e& ge am rm 20 _FE FeBRCo

al | oys wer eExempighl.-y pul veri zed to no nore than 25 nesh by a stanp mll, and
were firfely pulverized to a nean particle size of 3 [err] in an organi c
sol vent by rreAFP;VPG'I’de§"B‘é.'IQIa“??P'I' parti ﬁ%e?fﬂﬁgmamwwwm 'b'éﬂ:éfs? és g:\s:%’vﬂe‘:and

formed at aP$iieBiags e pipssqda f ‘E SN %fgﬁ gg{gl? ﬂow magnetic fie

sitered at 1080°C for 2 hours | m ar arg n of 99 ed by cooling to room temperature at
a cooling rate of 600°C/min. The aglng treatment was conducted at 780°C for various times in an argon at-

35 mosphere, followed by cooling to 480°C at a cooling rate of 360°C/min. Subsequently, the aging treatmentwas
conducted at 560°C for 2 hours to obtain the magnets according to the present invention. The results of the
magnet properties are set forth in Table 11 along with those of the comparison example wherein only the one-
stage aging treatment was conducted at 780°C for 1 hour.
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30 of any magnetic field, and were sintered at [err] for 2 hours in 0,33
bar argon‘of 99.99 % purity. After ER@B838s@EBING, rapid cooling to room
tenperature was applied at a cooling rate of [err]/mn. The prinmary aging
treat- nont was then carried out at [err] for 4 hours in 0,85 bar argon,
foll owed by cooling to [err] at a cooling rate of [err]/mn. Subsequently,
t he secondary agi ng treatnentwas condfabkel XX 6500Cf or2 hours to obtain the
magnets according to the present invention. The results of the magnet
propertises are set forth in Table 9 35 along with those of the sanple

(c arison ex G nyonty T r1Tjar v, agr g plied.
Table 9 40 COrragngg ety Qﬁ?gﬁ‘-ge :@' ig: i e (BHImAX '} )
(kG  (KOe) 45 dsreon1efiPlo, (koe) (MGOe)

5.2 13. 4 L7 9e0B17Nd12¢0

13.6 ™ 6. @ase&z NE2Gel3geng) 12.4

7 5.7

5.2 3. 6 61T8A0B17N{i12C00535 X6t e
5.3 EP—4—336—59

al l oys gf the ?efl oWl 8% conppsitidn® in atori’o‘pe

melting in argpn ga c andfcasting W TN T
The obt ai ned aP Snedre roubhly pd veri_ged]\t%
stanp mll, angl wer ezdg nel y pul vegi ged tola -_uf'ge. Jar& cge si zqg0} [err]
I n an organi ¢ Selvert—by—meahs—oi 2 hall 1] Laln ersjwere
pressedzwand fornmed at a pressure of 1500 kg/[err] in a magnetic field of 12
kQ, and were sintered at [err] for 2 hours in 0,26 bar argon of 99.99 %
purity, followed by rapid cooling to roomtenperature at a cooling rate of
[err]/ m n. Exénple12 The aging treatnent was effected at [err] for 1 hour 1
bar Ar, followed by cooling to roomtenperature ata cooling rate of

[err]/ n#n. Sulhe eliph pawdery of thelfellowind segpesitiemBaifertoRe SNEImAWEIMaGIaYS inpMicherbantagd
hours to ol3f%a Meanmartivlerizect 48 wh werp erepsed andriormidat @ prepaure. of TR kg/e inl & reagostic fisle
nmagnet pro fa1°t"Pé§“‘é‘f"?§e dtered 35 1124°G for 2iguss ia 0,87 bas Atef 89.999 tputityfellowesfby conling down

C 0 npari son ure ?té Foogr}gmt%qf PRy Slmrn 1Sybsegugniio thefirstestage aging treatmentat the various

ra ures a spe | t%f ’g'i"'l"] qy‘."? -10-mbar vacuum, cooling to no more th |§Q2°C was
( k Ce) 30 :;:::lued R?é?? Rg Qgco:d—:tage aging treatment was then efffgegn 620°C for
9 7 n ?80 o the present o hagaggﬂﬂr@r ed)
13. 4 ertl e set fol rnglf:r ? %ﬁ with € Pse o?g e ctgr@aﬁop vm}gggﬁtgrr %@Pﬁ%’a@gﬁg&tﬁl

particle S|ze ‘of 1.8 [err] and a corrp05|t|on Bal Fe- 8B- 16Nd- 2Ta-1Sb in

atom ¢ gercentage were pressed and formed at a pressure of 1500 kg/ch in a
magnetic field of 15 kCe, "and wer eTablerd@ at [err] for 2"HOGE™'n 0;33 bar
argon of 99.99 % purity, followed-by cooling fo roomtenperature at a
cooling rate of [err]/mn. The aging treatnent was conduct ed at [err] for

vari ous ti rES=—rTramTargoTTats :

_ Aging Temp. Aging Time Br iHc (BH) max
. (*c) . (min) (xG) (kOe) (MGOe)

'800 120 10.6 | 10.3 . 23.7

45 850 120 10.7 | 11.4 23.9

900 120 10.7 11.0 23.5

5 950 - . -120 .- -10.8 - l10.8 - |- 23.3

720
Comparative 120 .10.4 8.6 ' 21.3
Comparative
8 (after 1st stage aging) 10.1 8.8 21.2
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35 nosphere, followed by cooling to [err] at a cooling rate of [err]/min.
Subsequently, the aging treatnentvwesosamsguBied at [err] for 2 hours to
obtain the nmagnets according to the present invention. The results of the
magnet proggyngbqf are set forth in Table 11 along with those of the
conpari son ex e wherein only the one- stage aging treatnent was

conduct ed at Tﬁ@ﬁo@herg B Feb-RR Wioys Afling BreBmpositidrS in atonfid peibertage a2 Speclfidd ihdie1all S

Agi ng TeNPand a mean partlcleAsGHe'%m to Bl ;mi\uere pressed and fdRhed at a pressure df /cm?2 in a magnetic
( BH) maxs [ efield of 15 kOe, and were sintered dt H8D°C for 2 hours in 0,24 baKAplof 99.999 % puz‘&@l))wed by rapid
(M3 k) 10 cooling to room temperature at a coofiiITta bEE50°CANIK. Flrlti@f, the bgihg trédtrighewasariig] out at
2.‘21 775°Clf0r Bhours in 0,72 bar &3f Righ/fklty, followed by cooling to no highef than 550°C at a cooling fafs. 6
12. 4 of 280°G/MIn3ThgB@fter, the second-stage aging treatméht was conducted at 6409Cfoi53 hours to obtainliid 6
36. 2 15 78permanent magnets of the presenf in@ention. The results of tHePma@inet properties atePseBforth in Table 13
36. 3 780 along with those of the congarison example (after the singje-sfage aging treatmpnt).Q 36. 1
20 Exanple 12 25 The all oy powders of the follow ng conposition
Bal Fe- 10B- 13Nd- 3Pr-2W1 MWh alloys in atom c percentage and a nean particle
size of 2.8 [err] were pressed and fabf®dlat a pressure of 1500 kg/cnR In a
magnetlc field of 10 kGe, and were sintered at 1120Cfor2 hours in 0,37
bar Ar 0of®99. 999 %purlty foIIovved bycool i ng down to roomterrperature at a
cooling rate a S-OGHHaH ot 2 e
treatnmentattheg vari Qus_t ures f i edRien T bI(BHlﬁaﬁorZ hour in
5, 33[ err] nbar acuuﬁ#meﬁﬂﬁr&%to no [(kOe]) Vs SBGOehpI ied at a
r}'eBBM&dnmﬂ.SiI o obt

cool i ngrate o eRe—s as then
e{fected at [e er&ﬂrzént magBdt‘ adcording to

th present i . zrje set forth
in Table 12 al ngeMBBANﬂd?GmlMe coﬂ:ﬂaBi sbn &2a|4pl g (aBﬂeﬂ t :
first-stage ag treat—mentr—35—Tpte g Agl ng
Tire ﬂ?emnonascazm 20.50c]  11.0 | (BHRARA [dr]
m n .
(120_) rggaéuasaomb‘g@eg 9.9 39.245 . 22.4 |50
120 )
120 FEX??’-SN&J-MPZI‘?. 0 7.9 253- o8sh  13.6 .
120 0.3 . . 10} 3 : D (2 npay ati ve
120 Fe§B)SNd2CriTi g ¢ 11.6 é‘é‘.‘?i bf t ef‘ﬁl s} age agi ng)
10. ? 121.7
e9Bl5Nd2Crl1T
35
Fel6BlONG5G42v
(Comparative) 10.3 7.6 22.4
,_ Fel4B15N31Mo2AL o :
“ % (Comparative) 7.8 6.4 2.4
Example 14
45

The powders of Fe-B-R-M alloys of the following compositions in atomic percentage and a mean particle
size of 2 to 8 um were pressed and formed at a pressure of 1000 kg/cm? in the absence of any magnetic field,
and were sintered at 1080°C for 2 hours in 0,24 Bar of 99.999 % purity, followed by rapid cooling to room tem-
perature at a coaling rate of 630°C/min. Further, the first-stage aging treatment was effected at 630°C for 4

50  hoursin 0,46 bar Ar, followed by cooling to no higher than §50°C at a cooling rate of 220°C/min, and the second-
stage heat treatment was subsequently conducted at 580°C for 2 hours to obtain the permanent magnets of
the present invention. The results of the magnet properties are set forth in Table 14 along with those of the
sample (comparison example) wherein only the first-stage aging treatment was applied).
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17 ' *EP’0 338 597 Bl Exanple 13 The powders of Fe-B-RM alloys having the
conpositi-ons in atom c percentage egsoseastsi ed in Table 13 and a nean
particle size of 1 to 6 [err] were pressed and fornmed at a pressure of 1200
kg/[err] in a magnetic 5 field of 15 kCe, and were sintered at [err] for
2 hours in 0,24 bar Ar of 99.999 % Pabileyl4foll owed by rapid cooling to
roomtenperature at a cooling rate of 650C/ mn. Further, the aging

treat ment was carrled out at [err] for 2 hours in 0,72 bar Ar of hi gh
purity,s fol | owgd—byTootTTTgTOU 10 nyner T eurjnjslraf(,uuun rate of

[err]/mn. ThefeaftepmpbBetienond- sia gi hg ucted at
[e‘r'F] for 3 holirs to ogt ain the perjm % ? agrﬂ,‘PG)of thé”ﬁ?!%ent I nventi on.

Wih Chose of | hBSBBNINRRTBA BBl b ( Bedor | e lng| e-l‘gglagelggji(r)lg along
Egeatngnt)ikgngﬁeggligdgéﬁﬁfh) ZBFF;8§P4NH wig-? | eee g

202 [PeuIRRANA | 68 T Taa | 69 110"

24.1 Fe8B8Nd8Hp! 9.9 13.2 . .4
Fe11Bl SRd1MVb2A FQEEE;giiiiiig, 7. 96.2 10:% 8 6.0 13. 6
Fe9B15Nd2Cr | Ti 1.6 11.6 3. 4
Fe9B15Nd2Cr | Ti| pe8RlENE2HOZW 1. 4 8.1 .8
( Conpar at i ve) (Comparative)l. 4 6.3 | glp.l 5.830.8 B5
Fe16B1QHd5Gd2V] 1h 3 76 4
gQanaratlve) -etéBhiUﬂamuaAhr40 5.8 12(@onpar agi.xe)

particle size pf 2(Con@aﬁ:altli]vebere and drsmeﬂ at “a”presspjre of 1000
kg/[errd in th SAEtt——fui~e s A= at [err]
for 2 hours in 0,24 Bar of 99.999 %purlty, foIIovved by rapid cooling to
roomtem perature at a cooling rate of [err]/mn. Further, the f
irst-stagegﬂg'l"ﬁ&treat ment was effected at [err] for 4 50 hours in 0, 46

bar Ar, follomed%a/ coollng to no higher than [err] at a cooling rate of
220C/ ni%R, andhe § fE‘t fol &'"ﬁ%"&t"“ﬁ"i‘%ﬁ‘t‘ ﬁ‘é‘ﬁ'f’ Pm%%%ﬁ%féﬁ? Pﬁ"ﬂ%ﬁ&‘tﬂi‘%d

. B‘ 12 .4 FE In 14 /IR The onbudgre of B-R-M
al l oys of the [oFeéBl8ygdddeiax tion g 2} erceht ag«g ind a pean
rga sed

at 580C f oF‘°' 9H‘b y }N gfﬁ of & g H" [osly

i nventi on. erp 2 14

along wit hw%rﬁ P:é: § for ol %t?%resswfrg ntg& Zt%z:@‘%ggwh ﬁﬁ wty red at

first-sgag fgl'gzh Jr?f?f %Q&A}’\@ﬁg wE by réapid cooling to room temperatureata cooling
rate of 500°C/min.

Subsequently, the aging treatment was effected at 800°C for 1 hour in 1 bar A, followed by coolmg toroom

temperature at a cooling rate of 300°C/min, and the aging treatment was done at 620°C for further 3 hours to

. obtain the magnets of the present invention. The results of the magnet properties are set forth in Table 15 along
'\/' 40  with those of the comparison example (after sintering).
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EP 0 338597 Bl Table 14 5 Br

i Hc

(MXe) Eredilbsdicdial Zn

(BH) max Conposition

(kG (kCe) 6.3
13.0 6.4 Fe8B16Nd2Ho2W 6.4 12. 7

6.6 Fe8B12Nd2CelNblMo 6.6 11. 4 6.9
Fe8B14Nd1TalzZn ( Conparati ve) 6.2 10.6

6.0 Fe8B16Nd2Ho2W ( Conpar at i ve) Table 15 6.3 10. 1

5.8 20 Fe6B18Nd1Cr 1Zr 5.8 12.0 6.1
Fe6B18Nd1Cr 1Zr (Conparati ve) 5.7 8.9

5.4 25 Exanple 15 30 The Fe-B-R-M aJl o of[th ol ljow nppsi tions
i N~At oni ¢ pkr cent ageCHRRP@SIFkAN ned by hi ph- Ho?_quén@x | tfi #@aé{:%n‘gr gas
and casti nglwith a water-coaled copper nhl d hel obtalned allays were
roughly pul yere7BU4NAINY nOre than 35 meph 13,32 ptagp.¢illl , apd2nerg finely
done t d%a NPeRe—itituitto—tir-e—fmmrfoml Qi G ' Lok aRt—bycdreans of
a ball mll] Faé. smmml ned powders vxprd:snles:edlhnm florrdd2.8 a
pressure of 566k et-t—tr—a-naghette—fettef 2o —ant—were—asf nt er ed
at 35 [er}] F?’bﬂ!‘? @ in 0,26 barArof] 9999 % purjty, |fol lQqugd by rapid
cooling to  08GPREATAL IS Asneintayedly | ate of [errf7ni#. Subséquept |y,

t he ag E@ iy ccred at [EFTJ Tor I N ][—Ig"n 1]/ar -, Ijo Ihovved
by cooli ng Ege at_ur e at ol N33t €] o e2rf/ m g1 . @ e
agi ng treat %F%ﬁé?f%uaﬁfﬁﬁﬁtqfﬁé%ggther 3 hours tojobtain thejmagnets

of the present invention.
forth i Table 15 along 40

The results of the magnet properties are set
with those of the conparison exanple (after

}?(_ge“ ng). 45 50 55 19 EP 0 338 597 Bl Table 15 5 Conposition

( Examplk 48)) (M3e) Fe7B14Ndl Mo

13. 3 11.6 42. 2 Fe6. 5B14Nd1Nb

13.4 THelpo@ders of an alloy ofdiid. compaaifidilBH@ 1BOo-0E-04NaaAMa in atdinic pRicefithdetand £Midan

13.2 25 particle sBe 8f 35 um were prebiedland forrfegiGat a prisdsdisiabi 1900 kglmntrea radgnatie field of 12 kOe,
as-sSi nter eqtyl were sintered at 1120°C for 2 hduis iB0,26 bar Ar of 99.99 B p@ity, followed by cddlingto room temperature
at a cooling rate of 650°C/min. Subsequently, the aging treatment was effected at 820°C at various tempera-
tures in an argon atmosphere, followed by cooling at480°C at a cooling rate of 350°C/min., and the aging treat-
ment was conducted at 600°C for 2 hours to obtain the magnets according to the presentinvention. The results

30 of the magnet properties and the temperature coefficient o (%/°C) of the residual magnetic flux density (Br)
of the invented alloy magnets are set forth in Table 16 along with those of the magnets subjected to only the
single-stage aging treatment of 820°C x 1 hour.

% Table 16

_ Aging Temp. | .Aging Time Br iHc (BH) max M
o (*c) {hr) (xG) | (koe) (MGoe) |- (8/°C)
Comparative 32,0 | .20,3 .28.0 0.086
820 0.75 12,2 12.4 31,2 0.086

“® 820 . 3.0.. 12,3 | 12,9 | 32,4} 0.087
| 820 4,0 12,3 13,90, . 32,8 ' 0,086

820 R.0 12,2 33,2 32.9 0.0886

50
Example 17

85

The powders of an alloy of the composition BalFe-18Co-10B-14Nd-1Y-2Nd-1Ge in atomic percentage and
a mean particle size of 2.8 um were pressed and formed at a pressure of 1200 kg/cm?2 in a magnetic field of
12kOe, and were sintered at 1140°C for 2 hours in 0,66 bar Ar of 99.999 % purity, followed by cooling to room

20



20 Exanple 16. The pomdérs of an-alloy of the conposition Bal Fe-12Co-9B-1

4Nd-1 Mo in atom c percentage and ep oEmBo2B1
were pressed and formed at a pressure of 1300 kg/[err]

o5iRg BleBFhoBichif rshisemﬁuﬁthbﬁrytr s'éagla an%
Q5 S MliibPin AR SHEHOLA b B, 3. 18
[err]/m n. 4huda QUMRRY até of 400@IAR] R@tnb LEBADRIY &
various t egBstifthe ibdreS of the pRddem ndSHlor THERSHIEY e m

of 12 kCe,
purity,

By

particle size of 35 [err]
in a magnetic field

Rt%& Q’i'e at%% %
nfgllo lmg to
réat e%ma%‘éoﬂat
et propBrElesiid fﬁeﬁhb&&uﬁfooéfﬁr r]

at @ co®l i fieghnt RECPbf the@bdidubliMalnetic mﬂ@eﬁshﬁ(aagrerhﬁowrmﬁue 1P RIBAgVA tHose ol telcafl at

[

The results

[err] (Y[err]) of the residual

30

eU] f or 2pdAsunlesanip (arkk ths First-fieye AGIEYWdatinedg.COr ding to the present
of the magnet properties and the tenperature coefficient
magnetic flux density (Br) of the Invented

I nventi on.

all oy magnets are set forth in Table 16 along with those of the nmagnets

subj ectfed to only the single-stage Zgb¥ X eat ment of 820C x 1 hour. Table
16 Agi ng Tenp. “Agi ng Tine Br I He ( BH) max
[err] 40 [err] : (hr - (kG (kQe)
(MXCe) (RhLe rFenp . COMRYLRF IPiRe Br ige 12. GH)max al0. 3}

28.0 1 0. 0881820 (min) 0.{k®) (kOe)1. 2 (MGOe} | 1@&/2C) | 31.2.

0. 086 4 820 P 123 =429 32.4
0 087 . 820 70007, o 120 ﬁliz’_& 1.4 ;. 287 - .08}

0. 086 820 800 8.0 120... 3 . - 0,082 P-

0.086 50 EX . St

Bal Fe- 18Co-,10B- 183- 1.Y- INd- 1 ¥39. i n redh0Blirjicle
s{ze of 2. gTerr e ress ana. 200 kD lerr] in
a nagnetic 'prd5°¥B12 L{O) an3 WET h%ﬂFET‘n 0, 66
bar Ar of d9. 99999{1pur|ty, f aldeoned ERo1 3B8 597
Bl t enper atfrre—at—= \..umlng -ate—of e @t
first-s#agq a ?‘f?f’d’ ctmdga thge variogg.§enpergpigg{ € as
specified il gkggm;ffgfof ﬂ%uﬁg in:6.66[err]l nbar _vacuuml fol | owedl by

cooling to [err] at a cooling rate of [err]/mn,

and t he second-stage aging

treatnent was done at [err] for 3 hours to obtain the magnets of the

present
coef -
are shomn

i nv

enti on.

|C|e %

[err] (¥ C) of the residual
e 17 along wth those of the com parison exanple (after

The results of the nagnet properties and the tenperature
magnetic flux density (Br)

El'ra].gl ];I rlit St q‘ﬁe ;Lo ers] %f allg%g‘ {IT{E pem o-BJRQM compositions g atomic peroenta speclfled gEgle 18
[err] 135 Agrld ﬁ |deSIj JZ \p;ﬁepreiseda d form Jatap f Nﬁg

fiel kOe, sintered at 1100°C in 0,26 bar Ar 99 % purity, d by rapid
(MXCe) ?mé‘ f fob ﬁx]t Q:re at a cooling rate of 750°64hin. The primary Jg:ing eatment Aucted at
28. 7 820°C 18 :59 bar Ar, followed by codling to 38048t a cooling ra of: 230°Clmm andthbs ndary
28.9 agu% t%ﬁ\e&%s then effected at 600°C fér&%hours to obtain tﬂe]mﬁnets of the pwsalﬁ invention. The? 9. 3
0. 081 900 figures of the magnets prbgidpties and the terdplraure coefficidnt a(f/°C) of Br are #8¥fofth in Table 18 aldng’ S 1

90,
Conparative
Exanpl e 18

11.3

9.3

21

with those bfXfle comparison exarhpl®wherein the flrdt 2ging treatment alotfé was applied.

24.5

0. 081

0.081 25

30



The ‘powders of alloys of the Fe-Co-B-R M conpositions in atonic percentage
as specified in Table 18 and a neaep pzsstorBe Size of 2 to 8 [err] were
pressed and fornmed at a pressure of 1200 kg/[err] in a nagnetic 35 field
of 12 kQOe, and were sintered at [err] for 2 hours in 0,26 bar Ar of 99.999
% purity, followed by rapid cooling to roomtenperature at a cooling rate
of [err]/mn. The primary agi ng trectablmtl8vas conducted at 820C for 2 hours
in 0,59 barAr, followed by cooling to [err] at a cooling rate of [err]/mn,
and\t hessecondary aging treatrrent was t hen- effect ed at [err] for 2 hours to

obtain the 0 TOV

pr operti es ggfre

forth in Talhle 18 al on e_d

the first a Instbe@tmmﬁlmae wassz@opl

Table 18 5 SacTeRs TN AT I -8 | LBE) max

[err] (kO rezograusudsp:zw (VIe)3 |..(®.gerf]) 2ms 0.03

Fe5Co10B16 TG Ot St . 0.06

Fe20Co7B9Nd plraﬁFO7312Nd4TblV 1. 32.4 |. 3.2 31.7 27.0506

0. 03 Fe8Co7il ) T2 S 7

0.06 15° relochilienanaatny J 136 | 3.8 g 334 0.0 13. 8

33.4 Hol 1 .

26. 4 &siergfr:pﬁr‘ngm %\Qﬁ %D's 10.6 '0%869'4 o.cﬁ/éJB

23.6 Fe5¢88802Nd2Ho1AL (CQH'pgr tiv epCo6B20NdI

11 2 2 11.{(Comparative)28.8 . " * 0. 83Fe8C0 .1
262~ G925 canpl e

1§'/30 The pwd@BSoEB2MNAIGIB- R- M fal Nsy% qf tMHedf of | ovihg! C rrpo%mﬂ onp and a

mean parti cl[e TO O [erff] Werepressedjard—or Esur e of

1200 kg/[erqle ‘riégﬁ e of langlvbgrjeti @.3 e d, ze\¢ pd at

[err] far 2 hour ar Arl of 99.4999 % purlty, foll wed by rapid

cooling at raomterrperature at a cooling rate of 6300/ mn. The primary
aging treatnment was conducted at 850C for 4 hours In 0,92 bar Ar, 35
foll owed b cooling to [err] at a cooling rate of 380C/ mn., and t he
secondary malg 19 reatrrent vvas then ef- fected at [err] for 3 hours to
obt ai n ¥he maor net s of nventron The results of

provert o5, gt °g i ;;ig Skalepti fat %;ﬁ&g
ggoggarzlzsoﬂ r%g@?ﬁ ours rn 0 wz aAr g@ % pu g%loweﬁ% régﬁ at roo mperature ata 45

cooling rate of 630°C/min. The primary aging treatment was conducted at 850°C for 4 hours in 0,92 bar Ar,

35 followed by cooling to 420°C at a cooling rate of 380°C/min., and the secondary aging treatment was then ef-

fected 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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338 597 Bl Table 19 5 Br
"~ (kGe)
11.2
10. 4
11.7
3 (Conpar ative)
Fe10Co10B20Nd1Cr | Zr

-1 He

4.9

o)

(BH) max Conposi tion

(M3Oe) FebrCisd BHEAND 1 Ta
8.6 10 FelOCo8B13Nd2Ho2A[ err]| Sh
8.3 Fe25C08B12Nd4Gd2V
8.2 15 wmable 1#€15C010B16Nd1Ta

1

h ]

8.3

3. 4 5.2 20

Fe@l BB2 0 Np=Sib=ref—{—Coprt~tri=p-r-e
4 5

Exardpl e 20 &S % EfsM al

at om c percerft age were tarned by
Hamwmmﬁms 0

| oys} of Brhe
hi gh- {k@}u

f a

casting with
to no nore t
pul veri ¥ed t q~aTTES
nmeans of a bdl

|F¢ﬁqq:o§)d' tCt t: ST ZC.

UI

A%elSBo é§-r

ncikOe) t i

ol iRV ng

.10, 1
ns in

ano‘f%r me(

pressure of X¥50
at [err] for

14219)
Ar

2#%%3%5(ﬂ71#

06;2.

et oo

09. 598 ¢

netll
of

b pu;l'tZ/

T2 RCH

—anoTerolsi ntered

foll d by rapid
. e aq

cooling,tor a cC
treat nent wag

cool i ng down

atu
fo

[
to roo qnéﬁﬁri )per

00l
r on
at ur

grTare

heug i
e at a ¢

n 1 9agAr
Ooling rg

T—Terri’

[ ng
, foglywed]b
te of [erJi/m n.

and the agi ng
obtain the ne

ted
| nve

ﬂt I hebr J

e 3kl

tiher
tls of -t

ge Hours to
e_rdgnet

propert bes ar

R b o Sl
exanpl e (aftqr ‘ féﬁé@éf{pﬁﬁk%ﬁg

0 alpng wth
0 40t Br 4.6

(KIG)

those of
10ilic
(kOe)

tﬁe corrparl son
(EH) max
)

Fe6Co6. 5B14Ndl Nb

41.5 Fe6Co06. 5B14Nd1Nb ( Conparati ve,

7.8 25 Exampl00 50 55
magnet consi sting of

13.6

as- si ntered)
Clainms 1. An anisotropic sintered permanent
in atom c percentage 16% Nd,

13.

6% B,

11. 7

5

16% Co and t he

bal ance bei ndere-BRM 3lipwsf thelelawing aempositidnais atomi; percenteige Gerg 9ifaisdl by Rgh-ffegoérey 19
ex-ggoled copper nididoe)

5 Conposi t imgfting in an Ar gas and casting with a

Fe15Co10B16M vem%'

MGOe)

loys were roughly pulverized to no more th a1 3§ mesh by meansiof a stamp mill, and were figely,
to a mean particle size of 2.6 ym in an organic soIvent by means of a ball mill. The obtained powders

were pressed and formed at a pressure of 1500 kg/cm? in a magnetic field of 12 kOe, and were sintered at .
1080°C for 2 hours in 0,26 bar Ar of 99.999 % purity, followed by rapid cooling to room temperature at a cooling

rate of 500°C/min.

The aging treatment was effected at 800°C for one hour in 1 bar Ar, followed by cooling down to room tem-

35  perature at a cooling rate of 300°C/min., and the aging treatment was conducted at 580°C for further three
hours to obtain the magnets of the present invention. The results of the magnet properties are set forth in Table
20 along with those of the comparison example (after sintering). .
W © Table 20
. Br iHc (BH)max
- Composition (xG) (x0e) (MGOe)
Fe6Co6.5B14NA1ND 13.6 11.7 41.5
" Fe6Co6.5B14Nd1ND .
50 | (Comparative, as-sintered) 13.5 7.8 40.0
55 Claims

1.

and the balance being Fe and inevitable impurities.
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Fe10Co8B13Nd2Ho2A[ err] 1Sb

8.3 Fe25C08B12Nd4CGd2V EP 0 338 597 B1

3 .1, ) O 1
5 4* ¢ L M o § g

8.2 15 Fel5C010B16Nd1Ta :

8.3 (Conparative) Fel OCol OB20NdI Cr 1Zr 4.9

13. 4 5.2 20 Fel%? 1Cr| Zr

4.6 10.1 4.8 (Co e) 25  Exanple 20 Fe-Co-B-R-M

all oys of the follow ng conpositions in atomc percent age. wer e obtained by
hi gh-frequency nelting in an A’ gas and casLJ ng 1\ d copper
mol d. °The 4 loys were roughly pul verifged npge t han(ah) mh by neans
n"ea

of a stanmp mll, aﬁammse-ﬁmcmaly 30 | py gfrl %bg ?1 ] e size of
2.6 [err] iph.an organic solvent by neans 0 LY he obtay ned
kg/[sts] l

powders werg mged at a pre riof 0 a
magnetg c fi gbgﬁéﬁgo%@r??mmn Si Lﬁg [%_%ff_f_ n 0,26

coo]}_bng to roemate per at ure at
e err] for

bar Ar of 9p. %&o%bramlztmzrimw by rgpdd
T brature at

a cooling rate of [errl/m . The agipk
ed at

D

one hour in 1pla§|5e:b,aaf]_czlndquizwy cool - tolloom
a cooling rpie—oi—tfortdttiitrr—ard—thet-ag-Rg—treatre o g
[err] #%or fplrFedSColo@IaNaAkTat o obtaj n agne% 3of thespr3esen

i nvention. fhe red@ompaxfatiwe)agnet orogértl bs afé se} forth In Tabl e 20
al ong W t h Hhese—ef—tRe cofpatt+Sofr—eXx |||J|c \a t-er—sTt ,llll%}

Tabl e 20 Brj FelOColOBAONAICrlZxr (BE méx945 13.4 nposi ti on
(kG ‘ TP

13.6 * FelOfol0B20NA1CHLZE Febi06 4 %BlﬂdeIlIUtgl(C)npamqtgl ve,

as-si nt er ed (Comparative) 3 5 7ls ' 40.0 55§ dains

1. An ani solTOprT STTered permanent nmagnet c nsrstrng of I1n atomc
percent age 16% Nd, 6% B, 16% Co and t he bal ance being Fe and inevitable

| Mpurizhi efeamgid20 EP O 338 597 Bl 2. An anisotropic sintered permanent
magnet according to claim1, having an energy product (BH)max of 32.9 M3Xe
and a coer CiryeoBR-Mailldysler tAd follbRing clifgdsitichs indbnild Pef@iithigdiefe dbiaMb@byaighIRGEERGE N
magnet conméltigiingh Avgad dhd @hsting withaWtepBbagicogpaPmil, 3%, 12% B, 10% 5 Co
and t he bal ancalopoidngrobghlycillerizédtoinb aldkecthang5unidsh bye@eand of e stangphilh, Gind @¢e €inely

si nt ersed puiverked ratmess pantide sixe of @ adinTigjart arganic aslvanBay nleansiofeball millcThe pigginggipowiders

( BH) max  ower@ Bressel/@idfomned aba prespreiol t50D dg/cre? In kimagretiq Gldofi@kiOe, BOd wire sifjered at

ani sot r op1080ifer2épussiin 6P batheai 9.9RGmRuritycloliowpdhyirerid aofling 1o reamuemperghise ¥eneating:
149% Nd, 9memfS0PXB/mimo, 1% Mo and the bal ance being Fe and inevitable

i mpurities. TB"“‘QA\S"S#P@E}W f%‘%?@?‘b?&%@?é\"\'fe{h@?f rfallgwed by geqling ¢awr dpream feva i m

o et ”gpe‘ﬁ?su@ﬁgf o Pfé'&ﬁpf%'i‘t&‘ 7 T g %‘éﬁ%‘f‘;t e ngb s tingd
f 13.2 k ! n v
?n at oni ¢ aé?"@@'ﬁ'? :19%‘57 FREParSpE S %‘d?gtetﬁ'"errp% A, 1%Bi and the bal alnce

bei ng Fe and i nevi tabl e inmpuriti es. 8. An anisot ropi c sintered pernmanent
magnet,according to claim?7, havi ngTablenEOgy product (BH) max of 33.4 M3Xe
and a coerC|ve~force I Hc of 13.8 kOQe.

oy Br iHe (BH)max
- Composition N (xG) (kOe) (MGOe)
Fe6Co6.5B14Nd1ND 13.6 11.7 41.5
F Fe6Co6.5B14Nd1ND : -
5 | (Comparative, as-sintered) 13.5 7.8 40.0
§5 Claims

1. An anisotropic sintered permanent magnet consisting of in atomic percentage 16% Nd, 6% B, 16% Co
and the balance being Fe and inevitable impurities.
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20 9! ‘An ani sotropic Si it er ed per manent nagnet having an en* 'Illﬂ l“H“Il')“l"l i
at least 40 M30e and having a conpapid3is®serd1 approxi mately i Larthl ol
percentage 13 - 14.5% R, wherein R enbraces the rare earth ele- nents
including ¥, 6,- . 7%DB. | Waled AN, g ah 3RdrS) drdiait (BH)nSSof
i ei ' Po SholhaRhBueliy b Selflon i B iing 6 AN hARE ol BB
more than 1 % M wherein Mis selected fromthe group 25 V, Nb, Ta,
Mo, W Cr, 3Al AnZisotrdpic sintdred pbimandst maget corSiating Bi in at&shic peBientaged 5% Nd, 3%(Y, 1258, 10%
ani sotr gpi ¢ sicotasd taelbaimtatming Fe anteignitble fropmidiiedi Ng to claim 9, consisting of
i nyatom c percentage 14% R, 6.5% B and the bal ance bei ng Fe and i Tﬁ)ii taple
i rrp\[ﬁi ti es,4 hApiapieptrapic E’H@’F@WE?’GBM@@" Tigg to staim 3, havi nergyprodyt (BHApax
ani sot ropi ¢ siSAeMAO8 a3 seefRtereRRigRE-2X080r ding to claim 9, consisting of
in atom ¢ per Gankiads:d difHpenfandiCrRiond BnliBling Bfln Lt%cH?MBE§1J§@Nd“§%'B?12Wdo,
| nevi tabh e T iy g e i Bl ¥ o bbb, ~(EF) mex of 418 Wobe. 12
An ani sotropi c sintered permanent nagnet according to claim9, consisting
of in atome pParGiefiopigeintdrddpamanent maghtt actddidg tolddin\/b, havinh danleperyareductdBiymexef Fe
and i nevit abl e28mMBOeiahd £erchaforcatHean1di®@egy product (BH) max of 42.2 M3Ce.
13. An anisotropic sintered permanent nmagnet according to claim9,
consi st g Bf Ananisetiopp é‘"‘ﬁ'éﬁ’ BPHENSHdn2gney £q(gisting oElp atamie pe}?ﬂﬁ%ﬁ%@ﬁﬁ@aﬂ%%
bei ng Fe and i'¥chhi YeRiped thebaiancs being Fe andinexitsbla jmpuetep- oy by oduct ( BH) max 40
of 42.5 MX. Jdy ! Lfenthdbh& a68rdG IR Al AR ek (Bdmiaof
ﬁgn%msé%&faftégh Q'Plhr%nﬁhé% abdording i 63. D, ergfﬁgd (Bmako

claim, consigli\iheQhd 4 Poerthv s iR s licege " 14% R, 0 Co,. 1% Nb and
the bal gpce being Fe and inevitable inpurities, having an energy product

(BH) max of g¢i1.4n dvisiipic 4ibtelea pemar@niszghdt bdving Bn endirgy poivcbgiel east40sVGPeand baving a
PeMfanent magnabmpaition ¢f appAdxinrieitircatamidefdentage 18 9445% R, @06réin R pmbracel the rasseth elg:)
der Rest Fe unmentsmemdingY, 6Hy4 Banyte balanes being fierand ineyitglle impuritiags whagrin Rebeing optionally
gesi nterter Peubssituedbnag mete thpe A% Caaniior et morp thanl %dd, waereinrMds sgleetps frm fke group

( BH) max 2on 32V, 8b.isdto, Wner. Ai Ther, HKYarNii Ge, §%Bafb S9¢ Zpon 13,8 kOe. 55 3.

Ani sotroper, gesinterter Pernmanent nmagnet, der in o % 9 0%
12565, 100 et Somedr B Bl SR o
Ist. 4. Ani sotM' é"r, gesinter er Per manen magnhet’ ge ) spruc m t

ei nem Ener gi eprodeukt (BH) max von 24 EP 0 338 597B1

11 11131 144] 1Anlhisbtrdpic sihtbred pertharfent magnet addordin@to’tlaldg, BonblEiog otimatoreit percentage 14%
Koer zi ti vkr af t Nd, 616% BB% Goandthk Eancdbeind\Pé ahd inedtaitle impyritied, tvipg dresmergy product (BH)max
Per manent magneéfa1.8meoen Atom % aus 14% Nd, 9% B, 12% Co, 1% M best eht,
wobel der Rest Fe und unvernei dbare Verunreinigungen !st. 6. Anisotroper,
gesi nterfer 1P Amanselpivaijisted PeieaReRt me9agl Aererding topaim ,E%WEH@?QP‘E‘BP%%H 14%
(BH) max Von 32Rg%Astt Madad e RrlancxbringFe erd/pevisble impyptisgivingans rodyct (BH)max
Ani sot roper, g¥42AMECEer Per manent nagnet, deri nAtom % aus 16% Nd, 7% B, 10%
Co, 190A, 198 Bl bGisothdbic sintered pbrfiient MER& acddfing Richim & Gorldiaiihg 8PN SbME betbeatage 14%

Ver unr ei ni gUNQRH 68 s, 1965Nb 418 the BLidePSing FESRIING iﬁﬁléﬂ{gmﬁeé, NG B SHBIGY tbdudiRBMtax
Angpr uche? m t o@bBBoENEr gi epr odukt FBH) max von 33,4 M3Ce und el ner

Koerzitivkraft iHc von 13,8 kCe. 9. Anisotroper, gesinterter

Per manent mad#eAn aisotrapicrsiaterd@penmgneapnastetiacopesing to datte 8 censistingOf inaomic gereentage t4% 15
Zusanmenset zunB, 6.5% BBty % Ynamitheebalagre beingFesapg RevitgRigigmpuritiey) having an energy product
Sel t ener dnet al (BE)reax &4 M@ i ch Y um
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Patentanspriiche
1. Anisotroper, gesinterter Permanentmagnet, der in Atom-% aus 16% Nd, 6% B, 16% Co besteht, wobei
50 der Rest Fe und unvermeidbare Verunreinigungen ist.
2. Anisotroper, gesinterter Permanentmagnet gemag Anspruch 1 mit einem Energieprodukt (BH)max von
32,9 MGOe und einer Koerzitivkraft iHc von 13,8 kOe.
s5 3. Anisotroper, gesinterter Permanentmagnet, der in Atom-% aus 15% Nd, 3% Y, 12% B, 10% Co besteht,

wobei der Rest Fe und unvermeidbare Verunreinigungen ist.

4. Anisotroper, gesinterter Permanentmagnet gem&R Anspruch 3 mit einem Energieprodukt (BH)max von
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wohel Fe. vahl wel S6. durch ni Chi rmoherean 806840 uncl oder i ihﬂlﬁmmllﬂlllﬂﬂllw IIII

M ersetzt ist, wobei Maus der Guppe V, Nb, Ta, Mo, W Cr, A, vz
Mnh, N, us h ist 20 10. Ani sot roper
gesi nt erter g?%@ (ta)ﬁt”'Ff’:ate'"r‘f(ra't«’erzol“'kzrgf %ﬁn%q?%chgg der in Atom % aus 14% R

6, 5% B be- §tQhﬁotromtb%émt%Pé‘?@nﬁﬁentﬁ@gdéﬂderhﬂ'ﬁ&ﬁ-muﬁmﬁd Y8 IBLRYECH) 19 Mo Besteht, St
der ein Ener giwapei 86t F6 Bid)unmaimeiddareddrunreivigingertistl wei st . 11. Ani sot roper,
gesinterg er Pernmanent magnet gemaRl Anspruch 9, der in Atom % aus 14% Nd,

6, % B, 6%625 Anisotrop@elintertes Rermanaytsesianel gemaRAssprich Sumkeinam Fapraiererlykt (BHmax von
Veryrr ei ni gun§ef M@punmeemrﬂw@ﬁfgwemrb@@wpe BH) max von 41,8 M3Oe aufwei st.

A om 3 aus 74 Aneotbr Perm“e%iqmw%m@@n@ga%%%wﬁrmab&
In

unver neisdbar e Wobe! nf%etftngfe"rrfd BEt e edrr% eprodukt(BH) maxvon 30

42,2 MXe agf Wis&tfo-perléismtéﬂ?ér@%ﬁa%&ﬁagnag&héﬂllﬁl&ﬁrﬁﬁh 7h&Y e maEnbrgiBgrodukt (BIfmain
Anspruch 9, des,4iMBOBLAIRINr Rekszithkdft Nd vorb138%0B, 1% Nb best eht, wobel der Rest
Fe und unver.nei dbare Verunreini gungen ist, der ein Energieprodukt (BH)max
von 42,5 M¥xe Pamtweersaesmts@rl’emanemmas@tm-tﬁa@m Engyeiepreruldyonanindesieng AR MBEOe I Alaer
genmaRi | Mnspr Zgpmmnengegzung imAtpdricoetya 43 TASHR. 953/9'859“8‘%'@?““1%3%9%'@%

wobel der Restfaﬁli?e,6 -k WARRASTEPY FHnd %"ﬂﬂ?béprﬁe%ﬁy@ gpn;ist, wohe %{"?"8 hweise d“"’h

Ener gi epr oduktM Ofdyp upgloder ehi gl 4 M.qrset2) gt woha) ) aus dpr by Ta, Mo,
Al magt Berrrané’?‘rcg%wl'“t?’ Hifg] "§bPF'cﬁ9eB'ssé’ Iy %’éaé’ﬁq walltlstyour cent ages at oni ques,
de 16 % n@ot a%‘%e@mtel]tg Pt.(ﬂrgﬁengﬁ’agnét?;el{\ﬁbsﬂngprmh@&erinc)(ttmn-%%s 184 R%,5% B be-

npur e 68 I%@‘e\ew | &5 RestPe und unvAiniBBire DELATEMGAGdnt ldbiEirtHerRbroAURE(BA)HaX At
I a\-l’evendl cat I@QM'bOeaaMﬁE?; ununprr(l)dw td I'%ner gie (%IPI)l maxdé 32I%95I\/GOe e’t|Flri un

chanp coercitif iHc de 13,8 kQe. 3. Aimant permanent fritte ani sotrope se
conposant, Hn Anotrapengesigieder Rerowanaptreagnet demaBAnspreth 9)ddr in Btoms%ieus 4% Ng, 65% R 68,
10 % de %0, | eCabestehs webshrr RéshFarmd devermgidbase Vegurirqiigyngen iss d¢r ple EnergieAradkt (Bbfymax
Al mant per nanellqnﬂw‘ﬁ@eaﬁwes%trope sui vant. Ia revendi cation 3, ayantun

pI‘OdU! td en #@%ﬂ’?ﬁ %IJ anentma %Olg‘:l[; I‘}Jaus'm‘% el%lg’ % @
et e el e
reste etsant form auw et d inpuretes inevitables. 6. A mant

per manent f r 44, tlﬁns@ﬁdp'é@&é’sﬂféﬂer%irﬁéﬂéﬁmégﬁetb&ﬁ'ﬁmﬁhﬁﬁh loQdar ib Atomye Aids 14% Nd, 6,5% B, 1%
produi t d' 6nor gubebtBit)wbes te Rast FQuniivemeidbare Vet livdeifigungealist, idériefn Enérigiersiadult B3HmiOe .

25 EP O 338/0h925 UBhA Aukwdidt. 11 lcii 7.
Al nrant per manent fritte ani SOtI‘Ope se CO osant pOUI‘ cent ages atom es,
de 16 %%e M, Anjsotgnge agsinterter Rpgrapaentipagnet Q%‘EI%AWuchl-" %’ﬂ’e“"‘Bi"% s 4% Ry m%’h

forme de for efo d%NaBeRt b webej donBest %ﬂﬂ"egnve@e'dh?fﬁﬂ?{vmﬁ@?méﬁhdﬁ'ﬁ"t "8"9'”
ani sot rope sui BHimex vop 414 MGRsauteelrn 7, ayant un produitd' energie (BH)naxde

33,4 5 M3Ce et un chanp coerC|t|f i Hc de 13,8 kQCe. 0. A nmant
per manenj f |tt§|cap$nssotrope ayant un produit d' energie d au noins 40 MXCe
et e conpoSamap- 'Proxi mativenent, en pourcentages atom ques, de 13 &

14 5 %de Ry O}amaﬁpgﬁﬁaeqlzué a%.%oﬁdp@g@moéémsemm&&gs@aﬁ&rﬁqmIapwmsm%%Eb

7 %de B, |€ rgshe, &lahk Qrégﬁtf&ﬁléﬁgferﬁhlnﬁjpul'e@%ﬁﬁﬁ@s inevitables, le f
- etant facul 10 tati vement renplace par une proportion no depassant

pas 10 %5de2CoAimaitpermaendritfasisainbe soiant ka réverdizativh 1,@aanMngsxiuigtépergie (Bitipmex de 32,9
gr oups conpr en®@Oe & un blmmp Fegrcithiiic d¥\13,8kQe. Al , Ri, Zr, Hf, Mh, N, CGe, Sn, Bi,

Sh, SI et Zn.
3. Aimant permanent fritté anisotrope se composant, en pourcentages atomiques, de 15 % de Nd, 3 % de

Y, 12 % de B, 10 % de Co, le reste étant formé de fer et d'impuretés inévitables.

50
4. Aimant permanentfritté anisotrope suivantlarevendication 3, ayantun produitd’énergie (BH)maxde 33,9
MGOe et un champ coercitif iHc de 13,2 kOe.
5. Aimant permanent fritté anisotrope se composant, en pourcentages atomiques, de 14 % de Nd, 9 % de
55 B, 12 % de Co, 1 % de Mo, le reste étant formé de fer et d'impuretés inévitables.

6. Aimant permanent fritté anisotrope suivantla revendication 5, ayant un produit d’énergie (BH)max de 32,9
MGOe et un champ coercitif iHec de 13,2 kOe.
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10. Ai‘mant permanent fritte ani sotrope suivant |a revendi cat|Hﬂlﬂ,lllﬁﬂllluumlllll
conposant, en pourcentages atorni- gpyesssgsild %de R 6,5 %
etant fornme de for et d irrpurstes i nevitabl es, et ayant un prodU|t

d' energi e QBHA"%X de st Al HBero esecé,\!, R SIRBRSIAL atbihi Mseeqeu,s&tu% o
"dea%asmﬁ e o sty L. o RGN ﬁaage ) fesy “Ge

suivant la tre
L1% t P RYL b
14 % de Nd, 6§5 0 09 /%o e rests etantr or ne de or

d' i npur et 63. | ARantpaidatent fritd an@yiedpt suvant rodndidatich 7eayent an ﬁocﬂ:mmre(mméaqeau
MEGe. 2@ 12. AMeoartunphinppdoedtitif ifi¢ det1B@ kaai sot rope suivant |a revendication 9,
sey conposant, en pourcentages atom - ques, de 14 %de R 7 %de B, | %de
Mo, e restds Aimentperspensi arrsetrov@@mtqnwwvia'énersmeﬁéwe'&ﬁ é@GOeéEs ?ﬂsa'lﬁf‘P‘
produit d eneP@?"E‘a*("BPﬁ'}ﬁ'ﬁRPQﬂ'é’eﬂfigezat

ani sot r ope suwg%‘tl’:g‘ggggé °E%P*|'Hﬁ§%%§§ 3"3:’:%1 [“Pur g@ g
ques, deo 14 %
d' i npuret6s i IP{?ZM%F'&S' daﬁf/'ﬁﬁfw'tfnmﬁ?%?ﬁﬂ 'A(I ﬂf fn&eﬁ%f %" k%g%‘
14. A mant per hefent fritte anisot rope suivant | a revend| cation 9, se
conposant, N ARRAL SeRPdnB EfRtchBdtiope Sfdvant la revélidiBdtion &6 tdmPdsdhE eRpodfcehtadés dRMB, 6

%de Co, 1 % QBes]NR 14 bEelRE8 5 % 08 BBkt BIER fhAs Gy Tatetlimpirtssih@fiables @V ayamih produitet
ayant urf pr odudishergle @rigragide 4 Bisoax de 41,5 M30e. 35 40 45 50 55 26

11. Aimant permanent fritté anisotrope suivant la revendication 9, se composant, en pourcentages atomi-
ques, de 14 % de Nd, 6,5 % de B, 6 % de Co, le reste étant formé de fer et d'impuretés inévitables, et
ayant un produit d’énergie (BH)max de 41,8 MGOe.

\\/ 12. Aimant permanent fritté anisotrope suivant 1a revendication 9, se composant, en pourcentages atomi-
ques, de 14 % de R, 7 % de B, 1 % de Mo, le reste étant formé de fer et d'impuretés inévitables, et ayant
un produit d’énergie (BH)max de 42,2 MGOe.

25 13. Aimant permanent fritté anisotrope suivant la revendication 9, se composant, en pourcentages atomi-
ques, de 14 % de Nd, 6,5 % de B, 1 % de Nb, le reste étant formé de fer et d'impuretés inévitables, ayant
un produit d'énergie (BH)max de 42,5 MGOe.

14. Aimant permanent fritté anisotrope suivant la revendication 9, se composant, en pourcentages atomi-

30 ques, de 14 % de R, 6,5 % de B, 6 % de Co, 1 % de Nb, le reste étant formé de fer et d'impuretés inévitables,
et ayant un produit d’énergie (BH)max de 41,5 MGOe.
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