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Although solely Nd and/or Pr as R in the present invention are responsible for high coercivity of the per-
manent magnet, with heavy rare earth elements being not essential, minor amounts of Dy and/or Tb may be
substituted for Nd and/or Pr, if necessary, for further increasing the coercivity.

55 Even a small amount of Dy and/or Th is effective to increase the coerclivity. Since the presence of Nd and/or
Pr already gives rise to the effect equivalent to or better than those obtained by conventional positive addition
of Dy and/or Tb as mentioned hereinbefore. Therefore, the upper limit of addition of Dy andfor Tb is set to 3
atomic percent. The addition of Dy serves to increase iHe at a rate of 2 to 2.4 kOe per one weight percent Dy
(4.7 to 5.6 kOe per atomic percent), whereas (BH)max decreases at a rate of 1 to 1.3 MGOe per one weight
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(M is very Dpeifnce *zHFrBUFft aﬁ?&lﬁ?ﬂ? ﬁé?g‘é’g‘e%'ﬁ "r“S‘H‘FrHIt %‘ﬁ@‘dﬁﬁﬂ’ﬂ PE)E‘E' 'H‘&P"

to i : ti
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- 1.5) B— ri c %5" ser "f"g
ol enent 1 <l ﬁi pCIL ms ﬁ:@ 2 mmz%*b" i
t et (agonal pr@a&eas 24 a. o @o?“% s |sdtéa*to nﬁm@mﬁ%%mzﬁ Bomic

M2FeB2 R-ri ghedgppase: nainly of (L nmet al s,

oxi des. On the mbambunhbdn the agbirghe hdi:(orraanebratd@abm%ednawermmes.ms eaa&&de
wi de range Olodrdiifp 61 k08 RithoutSddition ol Byt or higiker With&idiichCbf Diaridithe xfruim@nérEproduct of
addi ti on &f @eMBBY oliRhénniydebalizébatidam téniperalird.i Ch phase R1 , Fe4B4 t he val ue
of 6 is 21/19 tAthdigh 2y neefl Reddded ib an drhouht of dBrla!Mhicﬂ:brcaitprand)‘cr.imNb\Ainglttlatceerciviﬁahé )
of Solid Comemountisf Co séfected Dibt intie rifigeimp (O to 05 atemidriemert $id@2elditidB HfI0u irB:h amount
As t he Rn( Fe inemessfy.5 atonia pescentrpaylisinthdeGuiorsted pavanuiss aREh€demagneticatiomeurtei Thersforu r
at a range o themeurtef Gy igseleptggriobe fpdhecrange from 9.0 foi 05 attirierercant, Ehe potimyp suatanssief s
of Fe, M%an#hedpmagnatizglion é'é!t'?a'myé’P OBﬂt'edth é‘eﬁﬂ‘}"t?f* PhGH ip an qmppnt CN&; to,hei(further 02 tg
greater Co ar?t?@rﬂm“‘i?? B‘P “’Eﬂ' EoRit mprqye%{mﬁogchy at erfé‘“’ed state.

resi stance tg " % “E‘“‘i‘i%"’ mB’&fqr ‘;"H
desrcﬁn}be above (by about 6. Oelat oupto 3at%A above whichincrease rate lghtly lmishes ﬂion

of A? in an amount in excess of 3 atomic percent results not only in a lowered maximum energy product but in
§5  amarked lowering in the Curie temperature Te and in a marked deterioration in the thermal stability. Therefore,
A! is selected to be in the range from 0.1 to 3 atomic percent. The Tc decreases at a rate of about 10 °C while
(BH)max decreases at a rate of about 2.6 MGOe, each per atomic % Af.

In the present invention, if the amount of B is excessive as compared to that of Mo, the B-rich phase
{Rq.sFe4By) is increased, so that the effect of increasing the coercivity brought about by the addition of Mo
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Dy. Si'nce the B-rich phase disappears and R beconmes redundant, with Dy and
(Nd* and/or Pr) being distributed 35 gpgasoyegater extent to the mai n phase
and to the Rrich phase respectlvely so that, as a resultof concentration

f [ h f
8, Choan RS T SR P S
percent or | Cooabel] 0 oo B e Ao Bl ap o Pen®y SRIGm@E 2 atomi c

percent ig necessary for real | zi ng t(,tle‘@bgyg ®Idgat. O1 the other hand, if

t he anount of Nb*@g@msiabﬁ.}@,t om c percent, it becorres desirable to increase
the concentr ati o (@éterRinédby BM&{BM)MaxEr ease in the amount of Md, as will be
expl ained sulwh@élhieddnbigs théameunt i atdinic perbdnEof BRH thaambui i Yitoic@ekodrit ofiMb, is satisfied,
decr eased t otheaigs iHchiagh (RMymbind highlequareness inay terealizdd sinfultdubously, tia|neet pealerted. be
in the range f rAthough it basSheert dsuifoun ehateNd-FeFDyeB-AFaa petmapént Bagnet dbiained bynayiditiorr af Ny 6
to 8 (or furChesultininpredjedzbayeivity, threcompesition iStherdefinitickepbaseabricomesisimie to thelow-B com-
coerci vi ty oposkigh ¢ugdo the strmng bondinglbetwesn Volfe dbg Bogo thet giarerFe i théningad] i$iprecipitatedfthamyn
and the naxi therereewéihg gonpentenalelioypgindence diffichirnarenresaiterie pulverizingdbe glleingoked at
room t enper at urNe and\Verdtnieliaepiaceatle ipevef gericivity efiget: Bawayen in giderdo suppragsssugence
percent off ngfthe f‘b‘?"“\a (?I tﬁ "’t"ﬂé““@d@* E’i"\??t?‘eﬂqfﬂ'?%t"aﬁﬂtﬁ‘fﬁbﬂv M&PW’@" bepresentdy

to be in the"51 '8°0 g‘z&?‘ 5’3%{ aﬁ wslshel

in an amount © ea | @' @n °fp 'V'QQJ?fb“ rl m? (I"%jo EF°t
squar eness o b"(‘tﬁ b 8‘&3‘5‘?"’!&?{ 4 ary gys “§ htowa, |tIon whe asV
sel ected §, tﬂe ﬁug’ ifthn Qﬁ’i

squareness o FoyiTs ,ggﬁzé ,pn
of Qu/lnanq poed 2t002(?urtﬁn\m‘8 to r. aomc percn b

The presence OfahdlighBo ﬁé&tl@ eﬁe&&f?emlrlg tr&%ﬁ@t@ﬁwpéréim &Ylﬁ’eSFeIBtI@pe?ﬁ%ﬁt'rﬁébﬁeYanatmpmv-
as-sintered fjg#eorrddich Pild@hcedb waIPS rafeliherattétisfiod oftN®ieBluaDhadret fidt ORI, ad-
percent Ofs Makiéh df Ob rekmtprn@uuﬁaesuﬁmomam& UbwererfthdiRsdadiida@ e RO CulthcombiRdibn
6.6 kCel at %witpCé i adantountiof Yo Abtomia bervent, WhigiciHc maybe@dtfieved. Ah Smduht ofdo B Witomic percent
di m shes), atkthdsi poefereki fohréalizing astillkhigherriiic. | N excess of 3 atom c percent

resul ts not onlQn theotberhandeadeitionvhiorietmore ofogGr apd Bica thiat theigum totalaBeountsforsl tenic

| owering | n véresnthrmoes, the Apemtdf oxidationcludngdhd stepaf radikeihedevders can bet advamtagepusiine-

t her mal s#abduded.\Jf Crisraddedifurther in Ap amayntoffl afomic gerpent ¢ranoresthe qerrasiom tpsistance af the dlloy o
3 atomi c per @awers e ibe Pr9dygtimacaet isdmpraved sioRifigertlyof about 10 OC whi | e ( BH) max
decreases at a Wikhttbe wm@swmgvt%tmm'@eewnﬁeraccamﬁf?réhmkwce°f tH"i‘ﬁ\é"*ﬂP aloun ¢
i nvention, i fMeptoRedHATGRE- o is excessjve as corrpa I\/g t he
B-rich phase. (Eﬂ" i " f h%. '§ Q"eg‘?fc?’ﬂ 'ﬁs th f°2i°ﬁ l"@lé |

coercivity br"‘ot ?er rE o 'F'"g snte,-, s
be obt ai ned. .ﬁ dgﬁth es-’?‘;tan otdelegﬁl

n enarriountup
degradi ng theg. r"eamg dﬂan& Q ere ore
proportion o QHO té foRdupHdRa taces ch
(x - 454 ;G o e &m&fznﬂf'ﬁmpfﬁshﬁramn t'hbiowds\e Althéug °k§5cm ; ssB'oo

& BRLUMex) whepRinfhesin %9&0@% nbtldBletEibBitBEhe bifechdl (B broseRGHvERIDY, rbondbifie nYIs Q@rab!y
amount in at Qoepgardreef)t of M, Is satisfied, the high |Hc hi gh ( BH) max

and hi gh squareness may be realized S|nultaneously thus nore preferred. 10
Al t hough it [PasiudieePro@kso found t hat a Nd- Fe- Dy-B-V- Co per manent nagnet

obt ai ned ®y addition of V- Co results in increased coercivity, the

conposi tion if Theeerdehdnthagnatef the reses invenerhewngshevblerdescdbedioampositipnidxtihitasuperior
posi ti on due magnetitiproperties nef opjip prdithe igotiepic wagnet rodufed imartorBance with the known methpasich
the I ngot i s apeastingsrsiniariag betgigpasithe recigpeticaliy anisofropicisiatered magnet Aresiieed byt methodhers-
hence diffi cinafterexplaited. presented in pul verj zi ng the alloy ingot. Mo and V
are mutuafy réf 'g?'@&l?ﬂ"ré;? bf)\'ar';’{ﬂpag\ge TGT:F%EP?@P%‘\?PP dﬁ"é%&"‘at‘f‘!ﬁmﬂ—,‘?"““ﬁ “{(1’ H%[agler "|t_ 0
suppr ess occu

not deteri orgu?—}‘sf‘ﬂozég %| ?’ '?I‘E ‘? 5 ‘%ﬂm Gg?? éﬁ?y:g(e ing g A EB E%ﬂn@?
at |east 10 9B I@Qord r:;wﬁg} %} 'ﬁ%‘%‘ht‘" ﬁ& (5‘“3?%% ementh R\
or |ess of the g 1bf 15 wggrlﬁ{snwethégpﬁﬁ%ﬁﬁ%ﬁﬁ i e Bl o o

ef fect of flqloqg5 St g,gmoggg g S)palic? e 1Nngo
achi eved si M e e D el el tor y,esawéamm caorihmelgﬁs

thought to Deiole\Rr, foPrebiRfRg MgHar coblchiBd!buvafzafith b)YR jebrhil bithdite ks BRfelrbdice H rofelufidr f
primary Fe crpxﬁaag,id&g{elpswuetsmmir&?bgdbﬁkhe@orrpos| tion ereas V 20 shifts
the liquldus |ine toward Fe-poor conposition so that practically inportant

conpositions for permanent nmagentfabri catfon is enti rety covered within a
region wherethe primary Fe crystallizes as |argedendriteswhen Vis
I ncor por at ed.



Al though Go has the effect of raising the Curie tenperature of the Fe-B-R
perrenent magnet and inprov- ing thegp@usPsgdq resi stance as well as

t enperature char acterl st ics of the residual nagnetic flux densi ty ad- 25
dition of Co r

addition of el% Iégog irree"!fo n'gg;?‘p fgrgl éf m%c%%:@tlgm slmllartd g:?:l é%ﬁe‘: etal-
atom c perce gﬁp jg::

percent ig Th Fo n%rng drdih éhc@ib ﬁﬁﬁ .Sr&%ﬂ&h&%er-
hand, additi ggye thg%gé)gfgémgqazo Ni at the sum t ot al
accounts for 0.5 gbmf, Qh&ﬁhﬁ@ﬂ&dy%&mﬁ%‘%me} Dﬁ‘aoé\m)di Hé-2 Rofr oPéssbR linder n@imdspHarelof e
stepiof handlah Rert fdsdPa RANEE b Vi plifly SrQY 8 Yr AP Bty 76 Brr s emSkirdtRélrangefof 680 t6 S
added furthenzoonc@aefammbvemisuc)m-omaﬂa&gcent or nore, the corrosion

resi stance of tHeesiéringyhedparbling Sonditicths, st apteMplatatire brRIgIALAN, iesd Berspjusiadtal realizing pre-
si gni fi cant | poribbl drystdl grain pizs avelwietetingmaigpitet of t he present invention, Fe
account s f ort heA deasizntibe sifteredibodg whithd$ 93 deecentivomere nithe thesretidal densityeis tesiratiyLin viewy
producti on ohfmmetpenomtmrﬁormgplewltheelnﬁpmm\m@mter?ﬂ%ﬂ Lo 4100 °¢.adensity fi7 2 aGm*
or C may be ionkighatjeebtay®ed, which isieguivsientte Prbrdsai#iithe thepretisalidprpity)er highes. bR Rintering,
process. Pnaﬁempsmtet?é@@@d!@f‘émtqwhwﬂﬁﬂ' MW%PPF Borhigher &gy bacaipued Hus
raw mat eri al #rfF8hdl i ng, neltin puI verlzatlon S|nte

heat - t r eat ment ams?‘Pf@d“\c?q@é’te"?ﬂbP% 006 dasP-1 % $ s Thadiga "B fom-
t hese substam%% eéf“@'F'PBt t 8'"‘??‘?8 fraghe cagiedgprdug Yw?fé‘fﬁ’ﬁ?ﬂ

SOV

pr ef er abl in rform mva umorun ranaqrgre th&n ner(?)aosopg ucln Fg‘r
be mixed i'n f tﬁ sint u _sgg ﬁ
subgt ances sy

a|n

t he povvders e _gat&,aalg Qwerq&%g&e( o_ m ™ t he SI ntere
body is not e @%M&t Qb Ré&at Pdatrieint dobn & J?ngE:é‘rﬁ mh&l&%b&dr&iﬂb to tHaSresart Rshtion,
content igs prpe.ft.&naa? bive t&ﬁh@%r&@% SculafiBAP-in the QARG réportibh SRS Seséin th Bxamples. This
per manent nMag&ire i9partiddiBridd@mBigéou A VIRR bi reductda it RfindnbiBctaing Mteps ARG soktirétaetion for the
conposi ti on Gndasuil inSsspriaedtibri) The FBNat inEgnpis G1Erévide @ highdst 18val of iHkSe.b.[\8 KOB ©F 4baW) C
magnet pr oduaGeite asisiméeredstala Thie costcivity i Bffidishtywightiar speaific sis@bhigttemm@adiirad@enerally, as
orsintering, fétheraistocedsthé degragratpatidniofthé impntisemegadty abiighdemnpetabuiretbe tamppnatdre-depend-
produced By tenisiemegnktizdtion eategs 5 Yorelbss et 150 {Grelaiive &xthe rBGIn temperatiire when usel|al Ro~ 2 without
powder s havi regditionef PyanfobcHhetroweratursrat whichithedrreveesibleilass ofimageati¢ Gux density appears can
produced. Thede&irthenraissdibyhaadditiy of Ry aad/onT| anptiing the useat 20036 ar abenglaceprding drethe most
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to pro- d tg{?’eﬁ‘ W&féf"sa co st'°érr VE?‘%} platig '?VBV’ lepsor ffmﬁg" pﬂﬁ“% gheg

f d to d t
rethod. 5 . "Mt sew;s' smm E;cg el ial L8 @%&ﬁi@b@%ﬁrﬁﬁic e
from0.5 to o L ﬁg%t&ihea% reods Gsictiviiibe 'g

preferred o Lol Bhd ah&nqéver pe cioisfe zb.
perfgrnmed by a YhilBE ‘P il inﬁ‘toabr Y5 [dverRb intHe &vefAby pditile iR dnH‘( pﬁ:'irent

gas. However, f gficidnefkdud pBSicuitiry BRsratid6r thd jéirhiing. pu verization Dy a | et
or the like i's preajspgbeshnil, (SR ifBUitRin o fuRbrEhtA rdsuifiicin §w.aed.aﬁbuﬁd?.%fﬂa9mn§
may thereby be s&eiows&edmcrﬁs thoughtto b Airbltadié%o thd lowériHoAPrestyhably \ReDaB miling cdnfist Bom-

nmol ded by «§ or m pigelf punafRhd Hagi)ph#se bi MuEeBS. B Ldindthd jet-iillg wiish 8dn apgly'digréaterefiendy-for
| urgi cal net hodsulveRatasnot enlytbe ird yhaseds pulyarize@sut s thesithrd NlaaF eB% pleticlets oollfle @vith otber

f or ani sotropy, partive fermedef ofhenmtiases tofurthenpraawedil pulverization, The wsuitan) mery fins MakeBsicap f
at |least 5 kOe sankas agrajygeowthinhibiterfwhigh i§ distibugd @t thexgrain baRndagy of the mainPhese (teltaganel).
body is si nter eThiswill epultdrthe helritie.r educi ng or non- oxi di zi n% at nosphere at a
prescri bed t enp@A m@tﬂ%ﬂr'@’?ﬂ‘lsﬁdwé"mcaﬁ@‘é' elygrains greyory (inatydis IbBth @k&PFﬁ‘F’@mbﬂ ifean
forned body is Be9bmbickisfugtherist-miiled with ansfficint pulyerization,tp afiest pyecage particiaiza for obfpining
at nospher e of afhe pighsstiHe The hgid particl ?ﬂﬂ?l 'Y\ Ba}al‘ﬂsﬁ‘"él to Pg:’gﬁ?e twt%'ﬂ'f’y phases
hi gher at | to P #NFFeB: dFte ‘b’t‘iﬂm °' 'a@ﬁ ‘efL &9 produce A VaFYHnEasM,,
above 95055 © fsl}dfpl gar{lce; h me I ::9;:: ut 2 ﬂ'ﬁg"“s %cl “Ia{é Olgerr%a Ly
condi ti ons, sucn"a Ic;é) sa o '(ﬂf‘ 'on, nee & Bark o) il a0 YSZ|'ng
pre- scribed cr dbds n?gﬂq o e s e slwou.ﬁo@gjaﬁbﬁa\ée SFovd, B.cre.
sintered body )? Ndsbr aH, P& SHake King BEbs@ntially Sindfe clyRSiiHehitiEied, arld GRYdHhiY mbed with
desirable in vigyw par’ucles of (Mo - V),FeB, phase (e.g., 1 - 10 um) thereby inhibiting the grain growth in the sintered
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of magneti¢ properties, For: exanple, with a sinteri ng tenperature of 1040
to 1160 OC, a density of 7.2 9/cnB ophisghemspss obtai ned, which is

equi valent to 95 percent of the theoretical density or hi gher. Wth the
sintering is t r r t

density of 99 rﬁ?p §t'1 hllérﬁ nRJr tli]qulgntﬁlg %ﬂ;'é%ﬂ%\?e% c%rﬁt;e £ SIEK% %%]\?eél dﬂﬁ%ﬁf &%Led
so- produced si i s%,s?dmeaa a;maof.ﬁaﬁ.aﬂh@ke Ay PysBDR ritetHom Brebipiafinglif an
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wi thi n_the abowgnoliBgeatéic % SNPLWAbd NG &-17 3dmic %, or at B 6 aMGUNOE SiatomitSk ridssWherd Rd
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t he I nventive g6yThes Badlsopgsiéd a rmetidlid which tragelvaigatiogeffigancydnd dHlam ipgroved byeeiding
accor di ngwt 0 witoarke (MaeVireB} mwdet (380 830 pig tormmbarsecalloyepcwder ofa basirrompasition (80 -CH00 @H)0)
to 950 C ( pr ef eandbieynixiye i subfo@d ©B)et milling & ahiainatfips avemgd fartivtesize. and

subsequent | y heat Aceassgperddepel Nd-Diy-GenSe-((, MajoRis abteinable by mising ancaley rewilan gfiNd-DycfieeCo-
however, the heMtMo)-Bdansmaent afi(t+w) agh §giMelFela in d9ameunt ¢fiwneacken Ml base; inwhiehthe
the pr esent |n\fE'HYVF'%?PP"?5 particularly due to the copresence of Cu and Ae
in the sp&ific prdljﬁ' *P&ﬁ’(bsw’d’@@ﬁté’g@@sﬁt'?ﬂthe Exanples. This feature is

particul arly advant 1‘ [Ie uction in the manufacturing steps
and cost reducti on YU X R tA98 F 'L Ss- productlon The resul tant
magnets can provi des gy Hé’%%xxare’fr el r ?&? 28 kOef or above) in the
as-sintergd st agye ithepr uﬁé ik sin :’léf L¢80 o%bu&ﬂ&%fﬁb?he%ﬁfi‘
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t enper at ur e wheg) s magndfha¥ifg High Ho\bhdeld Bt the &Qébénbﬂﬂ M8 bndl&% cai &/ nREneliked in Bildiver mag-
tenperat uge at widing'TiekidLabbiit @/EKCe thdnehd damenidhal NBFBBlmagnetd. UX density appears
can be further raised by the addition of Dy and/or Th, enabling the use at
200 OC or ab@&xamekesording to the nost preferred enbodinments. It Is also
preferred that, for inproving the corrosion resistance of the nagnet, the
magnet surfadsempe toat- 35 ed with a resin layer or a corrosion-resistant
metal platdg |ayer by electroless or electrolytic plating, or be sub-
jected to an al MNdTrEvingreHEy PTOF Wt %cthe blanee bejap essentillyirare prsthicloments, FPP&tasPh@“'
presence of d@icdomcontaining ach0.085 wt Yrer logs of Sh MnpgH. Af o Gucend BSPROB 2 at ony

percent as |rrpu'??°f'l 6?"3991 ‘f"F"ag'éfe\/’HbWo(g"l'"éfﬂ°F4“};9é° t“ﬁ@ %&F%{'«m pgining H’ﬂ"l’fé" o8, 32
fol | owi ng vari o / %h&apq Pa'y'f’e E e 00EDt will be
di scussed® 40 '\f@" 'b zS' p E’“p'?"f? eB2) due to the M

addition is veryh °y\}\',ﬂ zng the jet-mlling
to provide (a) | OWeJnh Qrga" n& § oél‘f‘% ‘@A"ési ze &:'g%m Ie'(rlB) i mproved
pul verizing efficie I sq,u 9(5J YAl 2 h‘gar;t%%,eh t-mlling.
Using a bg| m\‘vémmgltlefsyehléhsfredﬁetmgnqéﬂing g AP Vb Rpuen. 1 Esulting in a
Wi d&_di st ri but i fHasdihgotderd @séd ih B BrotBRdrivéndrifdeP APuilbiizéd bylaJet G &H N, ghsto BRduce
attri butabl e fﬁ,epav.harj.mwea.l. peticleRRiz6 s1pbB Y umt he bal | -m 'l ing cannot com 45
pl et el y pul ver i m rdidiien betwedn thi paverizig tildd dirtide folldding titiarging of theestgriitig matehidis st gcanktart h
can apply a gate plesribediiie tig\et mbirangthb perfidlesideiobthe pradiicedydlvifers s nieasuedphase 1 s
pul veri zeds but ik sesen rdneFid A thlt, hitidlead82f thepreseatineentioraidiiedolith Mp.tekenah hecasiingotenteted
formed of ot lise thp Besiystatepulierzatioein apubskorhisuteshwhepras, ingthe case of@somparativeraliondf & eont-
very fine Mo2EaB2 cempasitionadded with ¥ theragicest glopfalisHo entey theisteady-sidte rulfyerjizgtion even after 15
di stributed aninutesef RgWEEiZﬂt'ODGMEéhS/PaﬁPIGFIH@S Pﬁaﬂ°ﬂs$)q‘1§§'@ leysanngidie nulyerized spfistacipyly. |

ﬁT

resul t in the hfenereabycthe peverzaton yospeda gttt swwalov POVsIRS &-£h foper wall of
V) 2FeB2 gf4i rI’é:élg il V@r ':g'g:@ 2 :aq;w&fﬂ'ea b'ﬁt |9P%1ff?:r’lc§;arste'|’fmmm mml;f
which is furt

af i nest aver a 3 gt ao °f hzﬁ 'feni“ §V£Fﬁ‘? 'H'g’tr: ?'{:f:ml

R rﬁ'e ‘”"‘ o?.teq, ﬁ" “ T’de%h

such as u u.vé?@a%sn na'a tﬁ#erﬁ\i hswo mal
mll to prod ver un| orm I'ne particles

constituting t HEGGARL. the éali‘tlcles'ze of the mille wde&c’)aﬁﬁglgblbﬁ&r@rnIMI&m tmﬁhﬂﬂwﬁ)é?éagt

of about 200Qh£;teahw¢ae QLRGSR LetlbRReder difhe Bid diSHebtis YIRS mphrBtivk BRmpIENA the Riter

asci cul ar shajpgs, hetélaRPoRdbeitemairdigin thd RAkvthdubbel ?&)Neﬂﬁd (rferTBEi§) 811 th8 opddtiohs fulthé
particles (e.g., 1 to 10 tn) of each phase of (Nd, Dy)2(Fe, Co)14B, Nd or

NdH2, each phase bei ng substantially si ngFe crystalline particles, are
uniforn1y m xed wth fine particles of (M - V)2FeB2 phase (e.g., 1 - 10
jJdrm, thereby inhibiting the grain growh in the sintered 7 EP 0 430
278 Bi :



magnet’ In this manner the inventive permanent magnet can be produced as
wel I'. Wien NdH2 is used, the sinteriapodsogisdibe done in vacuum (4) There
is provided also a nethod in which the Fe primary crystal is inhibited from

precipitatinggly 1t n a@uhifatldin (78 i PndRy RARR) 54 ibperaid s er
providing th muﬁ?ﬁgm o %ﬁ&’é% hisPe d;ﬁ]ﬁi&}{:d Sngra ; éxtﬁ fith Vi cau gﬁnb:rt:a;::r:ul-

Nd- Dy- Fe- Co- e&ﬁmﬁesgaomckﬁtaathewa&mrnﬁs&um &x@in IQQnaBI ih8 Sul BRzalidn dUENe Yiigh ptfobrdce
can be I nhi bigegfbsaichprabiBmamount of 7 atom ¢ A)or Iess where Nd is 17 atom c

% or at a B anbunt of 8 atomic %or less where Nd is 13 atomc % (5)
There is al seExahgppsed a nmet hod in which the pul verization efficiency and

| Hc & e i nproved by adding 10 coarse (M - V)2FeB2 powder (50 - 500
jm to a coar seAmdlbyhavippawtempositona basi ¢ conposition (50 - 500 Am), and the
m xture |9 subj ected to j etNdgiD sFeg-yCoy MaBaCuyshlfs ne vt} particle size.
A coar se powded andlloNwvinya fampeiiiof/, Mb)-B i s obtai nable by mixing an alloy .
powder of Nd- Dy- Fe- Co- (VdejeF*Bw@Pvﬁncwmd{mt of (Cornparatiyp EXxgmpin2) V - Mb) 2FeB2

in an amount Wmv'tetbea?wns n"'YPme&P"‘H&%@s““l“ﬁs%i‘&ﬂ?‘"ﬁ%‘"ﬁ'ﬁﬂ"?%‘&w Wg'd%?g magpsticfigld
Nd, Dy, : 501"03” T Yrespulp éﬁﬁ%’f‘}%a %%‘f"‘f’é“’@?ﬁ@‘%"’&?ﬂ C oy thyge "°“’s
(V\,here xF’5 i @n eﬁé‘%’B r?thP‘éf i 0 101

- 0. 4w (where_ x frog ﬁ‘f’ ""tyﬂ?t 'tht '32%3
S e i,g“% el R EE e
conbi nation of Wb, {Nhe T ev a ne e'spect ive
of the cog}ing, 'ﬁ&é? except for the case W|th a very | ow cool i ng rate such
as cooling in't urnace in the case where Cuis less than 0.2 atomc %

wheneas a hi gh o) Saviabh ednipesiidher i rrespective of the cooling rate with Cu
of nore than 0.2 % (7) TheNux@gﬁ,eﬁ:eg@gmag;amugJ;A Lic bas,ad\pgla)the copresence
of Mo and Co #dan iy NRP§Ltdmpeskiohdr a | ower nmag- 25 netizing field of

about 4 tas5 kCe than the MDYk BTy MNaésEe- B (oagpaatie ExXEnp\I)LES Exanple 1
30 Using Nd heere melted) cistisndtpyiveaizeddn’ thevsanié way laein [Eadnapiecie arderasguresalded sirtdrédyand beab
eart h el enmentteatedintie same Way, asdl Bamplé 2 bl pyiduce alpeomanerd magnetai ng each 0. 005 wt %
or less of Si, Mssee@dromFg. 33hat®ith thamermapent magnetof the pressatinvention, thelcgercivity iHe isthigher
f errobor on ( dySkesthartiiatindhe GonmpargliveEs@ple 3R ing thesame By qantend thiadigh the compined meserre?
W 9% of ABe (ef¥g GyandAbf Si, 0.03 wt % of C and the bal ance bei ng ot her

| npurities and F’F)mag%w'thDYﬂ” aterpif pRrvest and | a?omamew file; & i nqb gbjepted to
pure Cu and U?"é’sﬂ '°s§?f“‘39'198 "ﬁ&%‘ﬁg‘““f’&%‘ phthespmrsral 2Ky ands ?’a"ﬁ&iﬁ

I\/b3 85B8 Cu0 a%"et nd an a havj pansco osmgnegsnI
Egll,l[ 25)YgAF i Qﬁ irﬁgae ofth gp %%‘g z %ﬁgé ercnvut may
y gahzed r ¥ nly an \y/m @ Sele dad hi h ooercmtg

These ingots:

mll in an N2 £n‘§m§0 pro uce ?‘a e povvder vmth a mean partlcle S|ze of 2. 6
to 3.3 gm Tf%aﬁ, ation between the pulverizing tinme duration follow ng
charging Qf t starting materials at a constant rate prescribed for the
jet \giul I and t hpeftiahdnt MagRets wérd poduchd sy th RE FRBloPAIBiEmpI¥8 Snd RRaiehiBdat 646>C for
It is seen frénenbire prddudelbitinterdd niddfet RVMg a@dmpoBifionfef €sent i nvention added with
Mb, even an as-cast ingot entereNdisDypsFeagCaiMpBycghalg pul verization in
about si x m namd ée maghetic pragerties of thd®-raised olagret eoemeasared. The @ity gre sllowa indiigiy-
par abl e cafposi Asshewaddriadd, itictidindreasedagutely withetbe ansduhtof/Mé iniekagss of 2 atamnie percdntand be-
st eady- st at e qemes ErKOe &t ligher reaching aimedmuni & 25k at eiput¥atomid neecetigwevan If thelamourit of
the particle MoexgeddsS slgmicgerpant (BHimax falla &o less khep 22 MBASBL be pul veri zed
satisfactorily. Genereally, the pulverization proceeds in a jet mll

t hr ough coII| apple8f al | oy povvders to the | nner wall of 50 the jet mll

and parti ®e-to- ticle c th vvder |nthe|nact|ve gas fl ow
at a supersoni CTE% 'sﬁngtg'ﬁt? ‘?'gd'a t" as iron all oy phase
In the alloy, rSJ‘ die ngezvoll ngs xam A(vﬁ\qu able\‘\hen t he

material is th.k.&%if' n, 8n bdth & ffv S n? 8 |‘§ur£| hﬁ:ﬂr .En?zﬂghnhrﬁ"%ag ¥e-
the jet mgl, $ckdpatib (4K QA 3) lot'h Ql five 9&3 ieSh ples havmg at
pul veri zat | Onegpdha bllSy thié teQBte meHEbQ:U Nefeteptabl (nQ 8455, TQéﬂex &hlv meas-
m 1. This regydyush sp%E|ﬁ\QAsQ|a@|%r4§|z% ofthfekieSs (& .50 R UkidtR B of fma&mpaquaﬁm
particle sizewphubHind fhfdelpBiRtiRndg st TRe flekitd sirétgthTwas chtuldted by 818 ekpfatic S(MorMmtE3

t hg st eady- ISt RbRaPHIMAY A 2208 (B (ininfi WheRFOl load atrectite.THé SfcimBrtwasdiiiiediteslsmooth
unaer nornma
9



conditions:” In this regard, the particle size of the mlled powder becane
stable.after 6 mnutes in the exanpl €poubesm®dy t he steady state coul d not
be established even atthe end of operation in the conparative exanple. In
the latter c ner e, ar ers remainig in the mll wthout being

pul veri zed (rgéfﬂé’?&i{%gaﬁfag‘?&ﬁ?wf the operation |Is further 8 EP 0 430 278
B1 continued, the remaining powder will be accunmulated in the mll finally
| eading t@ an inoperable state. In ordaABLE avoid such occurence, the feed
rate must be dimnished to a great extent, which will cause increased pul -

Exanpl e 3

Aeos

o

A AL Dl
vVoT O T

2\
)

hd pressure

|t ed,
nol ded,

treated i
Iknvyenkies
the c

SaITET ey

Fi g0-3 t hg

' Lo
o 1T LA Al

t. @<h th

U W
SRy v v)

P peremnent

uce a
magnet of
that in

Ty THCT3

he” farfe Dy}

T gier oy

through the donbi ned

3.
ct
e

verization costs. In contrast thereto, the inventive exanpl e enables the
pul verization at the high performace 5 freed of such problem Exanple 2
An al | oy havi ng a jconposttiop—16 NettA4ADyi+—6he71 y Coy
Mb4 B8 Cu@® . OAgO. 6 (Exanmpl e 2) jand &®mAdsiytimvi ng B_conpositign
Nd14ADy, . 8Femry Coy{ B8 CuO. 09/839: 6 [ GpaT AL Ve £xa vabyahies inel t ed,
cast and pul verizgd and the [esul ti ng‘,{ tarti Hd*%*o‘@xh@f% were pressyre nol ded
in a magnetic fielid of 10 kCp de¢ra pressurig of. 1.5 tpn/cn?. The

so- pr oduct?scei conpacgts were Si 1.t€ ed at °108000f or Y hree hours*16 ard

heat -treaf®d at 6 for oML . (It 1, seen fr 1g.{2 that the|high
coercivity not lo Qg’%f%'anE%'? Kk ay Be obt ai ned '\Mg:th he r3inge ofl 3°S y
7 according to the present ipvggtijon, gnwhereas il—ic.q]alls witpy 4 and y

8 to less than 15 i _s_EmEser than | of the alloy of the
Corrparatigoe Exanplie 2 contai higg Dy apd not ladded g o by M. 420

An al | oy having a jconpositi op—of—MNdls——Dy Ees7Co5-M?U-B8 Cu0. 07

( Ex le 3) and an all oy hav conposi ti gn of3 b

Nd15e. Dy, Fe77 Beg CuO 07 Af -Corparati-ve—xarpt

cast and pulverized in the s )y a®.idn Exanpl& @, a

sintered and heat -

per manent magnet .

t he present inventj on, DEL CI \

the Conparative Exjanpl e 3 hayi Ag { co t

presence 30 of , Cu and Ae. ghe ma%negt wthg = atom c perjcent and
iHe = 30 ROe in the Exanple B 1'5 Fig. 3% s not 'b(}e ed to%irrevdrsible

| oss of magnetic fjl ux density qu 1 C(bnq,iti ns oj h | enpegature of 200CC
and the operating lpoint of the madnet B/H =11.0 wever, Dy is lilmited to
up to 3.0 atom c percent because of its expense and scarceness in
resources, 3% Tl?u , With the permanent magnet of the present invention,

t he hi gh oer ?§ of the defined |level may be re- alized with Nd and/or
Pronly and the ; . sel ected which will give still

hi gher desi red c@%@%%ﬁﬁﬁﬁf yg)rp,e;g_he)ébgg, Qf BEB@ pgnet . . Exanple 4 40
Per Manent  MeGRg iritdliag Rl AHEAMIn N 6wyt BB MRS ¥ skt prbikeEXAMYE it Ry com-

heat - tr eated paiitidaWas 3164 &brhic UG ntARAYEpIARd B 46 0 idhicheRbt bIRAYT. Up bRV GiizatioR, the Hehodnt
comMiEsi tion Qrtnbligcwdibrs Wiidh rEiriined inthd e il MtNouBSbing'pblveABRINGs Meaived. Fig 5 sHEVERE rbiGtion
properties ofbetween 5o afsuntiis castiniiog BEY aiRhcreltivd amb@tiof tHd r8sidudipdivders iR EHd jot Vs
in Fig. 4. 45eenthatimprovedTimapulverizabiiitg results with-isicréase in the bmeusied Ma Bat teplaged\by V. IThd riletive
anount of M reskuahpowdesandunteppdsens rafioeaf the Indsidaal povitier ano o peight% )lwben Mo is lepiabeeiby
reachi ng as makin differet per@dntagés(weight Hhofivireldtiva todhat whqnenly Mads prddetever, if the
amount of M exThegebiacement of Mo by Yymecherdone if BiM) offurthér apints ag folloive ¥ slightiicimpro@s HeBan-
Exanpl e 5 50 perature coefficient of Br and iHc over the case of Mo alone. When Mo is completely replaced by V, this tem-
perature coefficient increases at a rate of 0.01 %J/°C (i.e., a difference of 1.8 % at 200 °C). Additionally, V is
more abundant in resources than Mo.

50
Example 7
A sintered magnet having a composition of
Nd11 PI'3 DY1 8 Bx MOy 005 Feu CU¢_¢4Ae o7
85  was produced in the same way as in Example 3, and the coercivity iHc and magnetic properties of the so-

produced sintered magnet were measured at room temperature.

it is seen from Table 2 that the high coercivity iHc may be obtained only in the range of y = x - 3.0 while
the high H, may be obtained only in the range of x - 4.5 = y. High magnetic properties may be obtained in the
range of (x - 4.5) =y = (x - 3.0), which is preferred.
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The fl'exural strength of a sintered magnet with a conposition of Nd165 DyOz
Feb.", B6 Cos (Mb. u Vu,) Cu.02A20.5 ppodseg@dein the sanme way as in Exanple
3 was neasured. The results are shown In Table 1. In evaluation, on each of
five sanples (n = 5) the flexural strength of not |ess than 24 kgf/m®2 was
de- 55 termned to be acceptable (rrarkﬁggeg ) for those all five
satisfying this value, and the sanples having at | eastone bel ow this val ue
wer e detegnm ned to be unacceptable (marked as x). The flexural strength was
nmeas- ured by using specinmens having a size of thickness t of 3.00 mm
width b of 7.44 nmat_a span. e of 15 mmithrough the three-point bending

test sa_The flexura] stren thcgﬁﬁﬂf;%\ | a §d|Q¥F¥§Q§ ggu?[gkqgﬁi(akg%emm) =3

X PM x f(mm) /2 kshpIh x—EL(am ere

speci nen was finighes,tola seothl 9 g EPPABRPLRB1 sygkacq ugigng g di anond
grinder. 5 (v) (x) |(MGOe)*|[{RBElxx]l I%oe) -
Conposi tion No. : Lvaluat IAERV/ETES!

 (oV 15 11 3.0 i|i Toop.|Ex?7.8 C2>25.9 18.38 |
0.5 3 oa -3 40~ Moo Gt

51 %0 72 |2.8.5 7.0 D %2.7 25043 | 13,80 | 3.0

o 53 - 0.5 36 2o et——o4- )

0.5 2.p 13 4,00 557.0 | 8256 [>21.0 3 02308

56 0.9 ’ 20" 5T 09 3.0

0 35 Exagple 6 Ah aJHoy havis®y af cohpbsifi dh-8f NdiBABMy1. Me2f W) Coe
Mox Vy Be Cu. 0* AITOWAS [MEITEd, cast amajputvertzed—tm T Sane Way as in
Exaiple | and, prpvi§ed fhad ®o(x) 1T 8he|abBof cdPRE-d0 |pddidlon was O

tod4 atom c percenf apd reéplgced DyZd JO_ O atom ¢ P&l centor (VLY . n

pul veri zation, thg ahdunt of® *tthe gowdés m?éhgrerrﬂéﬁe I 1 é’%}eﬁaet mll

w t hout bes ng pul yerLzediwa asjureg. . Fi @. hows . ,he .ral qt) t ween

t he anount of substi?zti(Ln %\IE/ and éjh% r el ?a?i’ e élnﬁﬁhgaof ﬁﬁé%}esi dual
powders in the je kbl . |1t ol & SEEN t oyed. e,puliverd zZabi]l ity
results with incrLase [0 thg'§mu t é(:)’P@Nb gglt;" epl éggdlbv VelsT e riel ative
resi dual powder afroupg reéprgsents| a 241 0] ohstRe Hgsigdygal |p I unt
(wei ght 949 when M LQ§LF\IN| agp by Aséaél i h %?f?er »2 Bf)grc n?\gg'gé i ght %
of Vrelative to that when only Mo is present. The replacenment of M by V
may be done in view of further points as follows: V slightly inproves the
tem perature coekfiggeat =0f7 Byg angpsic over thegea??ogf =My galgong sphen Mo
I's conpletely replaced by V, this tem perature coefficient increases at a
rate of 0%1 9@/ i.e., adifference of 1.8 %at 200 QC). Additionally, V
IS nore abuncFé‘?lTan resources than Mo. 50 Exanple 7 A sintered nmagnet

havi ng a conposj Li&dq &k n%vi@'&é% ten&r Mo, Cor Fetw Cu0.0$Ae0.7 86 was
i

produced in the sane way as in VEoF8r. Bdd ol BluSQRL,Ci Vity i He and

magneti C Qg OR@E blofiedth thh BneSidy adit gfsi. Thé MAgRELSSpridRiEddas Mo 8 dFBEAR)16¢86F atfwing
I 00RY I enper atthg Ragnbtlio dtahd fof 90 hbir@ERddraRd Rnditioh4\ét b tenip6ratlie GrBoCOSHdGirdiathe/ humidity SFRY
be obtai ned Giatcynt)dnd tHa XelR QSR ralf (AW/Wo)perunitarda Whkimeasurdte hi gh Hk nmay be
obt ai ned only i misisbe floMIFFES thbit adition 4f Mo Bady to rdisthcetagoBiureC properti es may be
obt ai ned i n t heThe weight gain rate offers a measure for the speed of generation of oxidation products. The presence of
45  Co (5 atomic percent) markedly increases the corrosion resistance, while the presence of Mo further enhances
the moisture resistance. Fig. 6 shows its dependence to the Mo concentration in which the weight gain rate,
which usually increases through rusting under high temperature/humidity conditions, decreases, thus resulting
in the improved humidity resistance. This is considered that the active B-rich phase of R,..Fe,B, including con-
siderable amount of light rare earth elements (Nd, Pr) has been replaced by the (Mo, Fe)-B phase (Mo,FeB,)
80  which contains no light rare earth elements.

Exampie 9
S
The magnetic properties of sintered magnets of an alloy composition (1) of NdygFe.a Bg Mo, Cu, Af, and
85  an alloy composition (il) of Nd44 4Dy ¢Fewa Bs Mo, Cuy Afy, produced in the same way as in Example 3, were
measured.
it may be seen from Table 3 that Cuand AL represent crucial constituent elements of the permanentmagnet
of the present invention.

1



range of (x - 4.5) 5y.5 (x - 3.0), which is preferred. 10 EP 0 430 278

Bl TABLE 2 5 Conposition EP okbd\lrgBet Properties Sanpl e

| 10_o ) (B) 1( ax HC EHk ()
(x) | (}&0e* {(kOe) ** (koe) 71 . 3.0 f 7.0 21.9
1>25.9 8.36 15 TPABLE 3 3.5 7.0

24.7 | _25.43 13.80 73 j 4.0 7.0 22.6

>21.0 12.08 74 3.0 7.5 27.8 18. 87
17.27 20 75 3.5 7.5 2.2 >28.1 17.98 76
| 4.0 7.9 %) >70, L I3 98 25

77 L 3.0 8. 1£3y Coppopftion| |, Mpgrct Fropanties

96
d
was

! A 24. 5, 10?410 5.5 )
im0 Ppdotesl T2 0@’ (i, iR

magnet havi ng| a Ewinppei ti Jn of Nd144by lg{fe?jh

produced in tpe—sare—~way —A—EaRpl-eT-s- QB itto
a durability }esixoff-s2 I ONI ngnt he magmeo.so mamd fur 3100 uyadh he
condi ti on¥ of fatenperatureor 809 C—any—a- ot htrretty—of—96-perednt
and the weight gn $23e [AWTo) pBrOBH} 10 aﬂe’a- Heebsurpdi84q iKlSd&er

fromFig. 6 that td 0 ¢ad epj stan o SLLT 2. e Wei ght
gain rate of fg smé‘d%éhéﬁ{], foybt =8s§8«e§°{>f th@r teq?b'n of ofoJ ti br:b"
products. ,,The 45 5,atQM C reel rked ncy eg the
corrosi onzoresg‘iw e the oréégg‘gﬁ%ﬁ %'(f %eﬁaen a]'%:/'e £ ﬁaﬁ

noi gt ure resi ' 6 sfows |pt n Mp entrt'dnin
whi ch t he wei m,;ag? . \I\#;Lt‘h |b|g‘|§|s ﬂf«‘g@l p?ﬁﬁc Slftﬁnl hf?rEL ﬁ||8Inrer
hi gh tenperature/hum dity conditions, decreases, thus resul ti ng In the

| mproved Bum dity resistance. This is considered that the active B-rich
phase of R , Fe4B4* | ¢GQeli ng7cBA- kd/dbr abl e anoukm 1H0é imhl®r@irkAdmart h

el ements (Nd, Pr) has been replaced by the (M, Fe)-B phase (M2FeB2) 50
whi ch contains no light rare earth elenents. Exanple 9 The nmagnetic
properties ofxampgt®r ed magnets of an all oy conposition (1) of Ndl*Febm B8
Mb4 Cul MP and 55 an alloy co 05|t| on (11) of Nd14ADyl. Feb, B8

CulAf. pr oduceot‘\'iﬂHWthFmﬂ9§&?Pép°6\!€f¥_‘elr Ndyry PrazR naPizeF ep BareMorplen el = °P§tﬁa 015@““’
seen from TalﬂP’ée"@ wap, prepared and,fyrt p‘i" °€§‘é‘ﬂ'i P4 maaaets B Ahpspme WakAs inbamplp f Jrhe re-

fth apting:st cggling rate ofpprpximatgly § 1 °§I 800,
g Al ? O;P, er g Rpg %:EF d. The coercnv?ﬁolgt’: g? tﬁw ﬁﬁtﬁﬁ%{naw brbarntais-élgtefe state are shown m%

Al | oy Al |Er (BE)rrax i Hk
) 40
W,
45
50
55
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species | (x)| (y}) (kG - (HOCe)* (kCe)** (koe) Ex. 9-3. |
t0.0110.5 11.5 31. EPoiso#8B1 13.2 Ex. 9-2 31
10.0210.6 j10.6 27:3 23.0 il.i Ex. 9-3 1
0.0 I 0 11.1"° 28. 4 18.0 1S. 0 Conp. Ex. 9-1

I 0.1 11.8 TABLE 40 Conp. Ex. 9- 21 |
0.00 0.2 11.0 29.1 14. 4 13.1 Conp-Ex-9-31 I
10.0S 4.9 1 7.9 -17.6 17.8 5.8 25 * 1M a 7.96
kJ/ nB *8 1kO a 79.6 kA Exanple 10 30 An all oy

havi ng a conposition of (Ngo. & pro. 26)1 8 aFeC4& xB8 C06 Mb&MAI 08 Cu,

(x =0, 05 to 0.30 atomc Bgﬁé@mi)c Vs pr epbk Yind furt her processed to

sintered magnets in the same as in Exanple.l. The re- sulting sintered

magnets were cooled in a fur rq\e,;% at a cool ir?%'?ate of approximately 8 to 10

Clmin until 800 'IC was reacgegwnThe coerci%‘jit I Hc of the sintered magnets
H 5o

in an as-sintered state are in Tabl e 5 40 45 50 5C 12 EP 0 430
278 D1 TABLE 4 5 Cu i M (atﬂn' % (kGe)* 10

0. 05 . 22.2 0.08-11 2% 0 0. 11 24. 4
is 0.13 26.8 Q. 27.8 20

0.20 28.0 0.38'31(‘5 2629.5 25 * 1kGe = 79.8 kASm As

shown in Table 4, the presenge 131; a very s | ,amount of Cu provides a very
hi gh coercivity, i.e., IH 30° over 22 k¥E*&ven in the as-sintered
state, whjch unnecessitates :?gezgheat treat n;&tol | ke ageing etc. thus
enabling cost reduction. Exangl™ 11 35 h¥al | oy having a conposition
of @OA Pr 3ADy21FewCo8 B8 I\/ta .3%6\0. Cux (x =,0.05 to 0.2 atom c percent) was
prepared and further processed o sintered Yhets in the same way as in
Exanple 1. The resulting sin- tered magnets were cool ed at different
cooling rates, i.e., (a) cooled in an Ar gas flow, (b) cooled in a steady
Ar gas atnosphere, and (c) cooled in a Ju e, gl tant magnets were
measured for ic atthe as-sintered stat e% g}gggtﬁe:ypéguﬁ%“s shown in Fig.7
as a function of the Cu content x (atom c percent). 40 As evidentfrom
Fig. 7, the codisisheynimTablad, thepreseneesf avesyremal smpunt of Cy arpvides @ yeryhigh copecivity, fhe, iHe
hi ghest co®r ciolgver22kOs even in the pg-sigieredglate, mbich pnngpegsiates the bpat featrment like ggelnacalp. thus
state |rresp@pablingogfedudign. anpunt of Cu. On the other hand, the furnace
cooling provides the increasing i Ho as the Cu anobunt increases reaching a
maxi mum of 2&eBL Yt 0.2 atonic percent Cu.

35 An alloy having a composition of Nd4g.4 Prs sDY2 jFépaCos Bg Mos sAlg sCuy (x = 0.05 to 0.2 atomic percent)
: was prepared and further processed fo sintered magnets in the same way as in Example 1. The resulting sin-
tered magnets were cooled at different cooling rates, i.e., {a) cooled in an Ar gas flow, {b) cooled in a steady
Ar gas atmosphere, and (c) cooled in a furnace. The resultant magnets were measured for iHc at the as-sintered
state, and the result is shown in Fig.7 as a function of the Cu content x (atomic percent).
) 40 As evident from Fig. 7, the cooling in the inert gas atomosphere or gas flow provides the highest coercivity
W iHec of 28 kQOe or higher even at as-sintered state irrespective of the amount of Cu. On the other hand, the
furnace cooling provides the increasing iHc as the Cu amount increases reaching a maximum of 28 kOe at
0.2 atomic percent Cu.
Thus the presence of Cu in compination with A€ stabilizes the coercivity at the highest level, and also un-
45 necessitates the heat treatment for obtaining higher coercivity.
It should be understood that madification may be done without departing from the gist and concept of the
present invention as disclosed herein and the scope claimed in the appended claims.

6 Claims

1. A permanent magnet comprising 12 to 18 atomic percent of R, wherein R represents Pr,'Nd, Dy, Tb and
other rare earth element or elements contained as inevitable impurities provided that 0.8 <(Pr + Nd + Dy
+ Tb)/R = 1.0,
55 5 to 9.5 atomic percent of B
2 to 5 atomic percent of Mo,
0.01 to 0.5 atomic percent of Cu, and
0.1 to 3 atomic percent of Al,
with the balance being Fe, or Fe and Co substituting a part of Fe.

13



Thus the.-presence of Cu in conpination with At stabilizes the4 | i “ |“II'
t he highest level, and al so un- 45 jtates the heat tre mm“ H“Iﬂ m
obt ai ni ng hi gher coercivity. It shoslﬁﬁgg%uénﬁerstood that nodif« cation ways =
be done wi thout departing fromthe gist and concept of the present
invention as disclosed herein andrABEES4ope clainmed In the appended cl ai ns.
50 Cains 1. A permanent nmagnet conprising 12 to 18 atom c percent of R,
wherein R represents Pr,'Nd, Dy, Tb and other rare earth el ement or

el errent§ contained as inevitable inpurities provided that 0.8s (Pr + Nd +
Dy + Th)/R < 1.0, 55 Cu 51to 9.5 dHaric percent of B2 to 5 atomic
percent of M, 0.01 to O.{®txamieck%percent{kife )3, and 0.1 to 3 atomic
percent of A, with the bal ance being Fe, or Fe and Co substituting a part

of Fe. %3 EP 0 430 278 HELPS 22,2 DiiiiH 11121 hitt{ 111
*C L M S TABLE 4 5 Cu . iRc (atomc X}

(kCe)x 10 0.08 0.05 23,0 22.2 0.08

23.0 0.11 24.4 15 0. 13 _ 26.8 0. 16

27.8 20 0.11 0.20 24.4 28.0 0.30

27.5 251 | kCe = 79.8 KA/Z As shown in Table 4, the presence of a very

smal | amount of Cu provideal¥ery high c@r@vity, i.e., iHc 30 of over
22 kCe even in the as-sintered state, which unnecessitates the heat
treatnent |ike ageing etc. @& enabl i ng &§st8 reducti on. Exanple 11 35

An all oy, havi ng a conposition of NdOOA Pr~sDy2 FebwCo5 B& M3XB. 6Al BCux (x =
0.05 t0“0.2 atom c percent )ovﬁa% prepared &8d & urther processed to sintered
magrnets In the sanme way as in Exanple 1. The resulting sin- tared nmagnets
were cooled at different cdthg rates, i 28+5 (a) cooled in an Ar gas flow,
(b) cooled in a steady Argas atnosphere, and (c) cooled in a furnace. The
resul tagt magnetswere neasured for iHcatthe as-sintered state, and the
result 1s shown in Fig.7-as a function of the Cu content x (atomc
percent). 40 As evidentfrom Fi g. *7 1Xk0% Tob¥ t gkAA Mt he | nert gas

at onosphere orgas flow provides the highestcoercivity IHc of 28 kGCe or

hi gher even aAs shéwrsih TdbRr 4 the pieddnCe bflafvery3mall ambant@f Cii révidesauery high cdercivitie.| iHE
ot her hand of tvee2X kirereaadn theab-singrep siate] widsh unhezessitgtestas hang treattentitke againg@tr. thus
anmount i ncreestiggcosteeduttiong a maxi num of 28 kOe at 0.2 atom c percent Cu.
Thus the presence of Cu in conpination with A? stabilizes the coercivity at
t he hi ghestExgrepiell, and al so un- 45 necessitates the heat treatnment for

obt ai ni ng hi gher coercivity. It should be understood that nodification nmay

be done%i t hotftallg)sing 3 sappsitignpiiNd s Besly2 BRI Costia Moppflosfiux (xi70.08 falfk2.4ipmic percent)

i nvent i on 3¢S preeated And frtherpropessed oisinterad magnsts inthe,sams way ;:%E?mﬁ eHe RPN Sy |

50 O ai s 9red Magnets WarR & edrﬁa]‘g' ?““@8&@9 2% E( )sopled in gn ?" in g gtegdy
'ﬁé@?nd ﬁg e cNam afu n foriHca

. r resu magnets were measure c e as-sintered
wherein R resu'l:tﬁi‘;’showrf in Fig.7 .as & funiction of the Cu content x (atomic percent).

40 As evident from Fig. 7, the cooling in the inert gas atomosphere or gas flow pravides the highest coercivity
iHc of 28 kOe or higher even at as-sintered state irrespective of the amount of Cu. On the other hand, the
furnace cooling provides the increasing iHc as the Cu amount increases reaching a maximum of 28 kOe at
0.2 atomic percent Cu.

Thus the presence of Cu in compination with Af stabilizes the coercivity at the highest level, and also un-
45 necessitates the heat treatment for obtaining higher coercivity.
It should be understood that modification may be done without departing from the gist and concept of the
present invention as disclosed herein and the scope claimed in the appended claims.

50 Claims

1. A permanent magnet comprising 12 to 18 atomic percent of R, wherein R represents Pr, Nd, Dy, Tb and
otherrare earth element or elements contained as inevitable impurities provided that 0.8 < (Pr + Nd + Dy
+ Tb)R = 1.0,
55 5 to 9.5 atomic percent of B
2 to 5 atomic percent of Mo,
0.01 to 0.5 atomic percent of Cu, and
0.1 to 3 atomic percent of Al,
with the balance being Fe, or Fe and Co substituting a part of Fe.
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ot her rare- ‘earth el enent or'elenents contained as inevitable
provided that 0.8 s (Pr + Nd + Dy + EPW4Bb278R10, 55 ”"M”’""lﬂgull”mll
atomic percent of B2 to 5 atomic percent of Mp, 0.01 to 0.5 &tohict petcent *

of Cu, and 051 §p p% r@atng}mnggng c&?&ﬂg 105N whbbil, ith (€ ai@nfdrE § ahﬁ'hcﬂgrcgrﬁ beify x e

and Co substi tutﬂe'}glo@ht Brlid in Blomc PercerBbeing yEB aftt Ko She #réSenEih a proportion between B and Mé-
111171 12112121230 4knkdat | 2. T e permanent magnet according to claim|

wherein, with the amount of B I n at onxc- psye8ix bgong x and the anount of
Mo in atom c percent being y, B and M are present in a proportion between
B and M sucl§ t Mizgpegnanent magnet according to claim 1 or 2, wherein Fe is partially replased.by o i§)ap ampynt -
3.0) & The perﬁféﬁeﬁﬁmmgﬁeﬁwt accordi ng toclaiml or 2, wherein Fe Is

The. por mamentt nifRpeensnkd E PR st p ot el i B Uhan b e o
Cen

nore than 90 ato c |5’e"°’rrep f M is replaced by V. 5. The pernmanent

nmagnet accor @i n@hé&nﬁdﬁﬁnt%&eﬂico&m? th B/ oRElbMEL grécBdingFolaint}RkerdinR B Ndandist pRNd/ OF
Pr. 6. The permanent magnet according to any one of clainms 1-4, wherein the
Ris O to 3 & ofhecpepaanens megref actydiag3o any oneefdteims 1-Aowizendh theB isifictd 3 atomic bercantof R
and/or Pr® 7. Thleﬂqnébmn@malam@neﬂNew@rm ng to any one of cl ai ms 1- 6,

ELL B B i £ NS B
one of clainms 1 %‘Feéﬁeﬂa 2P0 (/"'crpgrﬁ’f" ced by Co in an anount of 4
to 6 atom,e per %ﬁéﬁermsheﬁtmgepsacsranﬂaqwe ofbiainkse7, nﬁéraﬁmgbarfmeascea‘s;@s iaRg

to any one of Clh@b¥ordtos atsHlEpeideRt ifthb Snti hddnél. atom ¢ percent, and Fe is
partj ally replaced by Co in an amount of 4 to 6 atomic percent in the

entire nmanget? ke geBnanéitenagret avasrding to anypnetf claios d+7cwhegpin Bis 6 8 abamic pofcent) and Feis
1-6 and 8-9, wheertillyreplaged by Go in@n ﬂmmamm miemmentémfdie Bhtiregnangeto 8 at omi ¢
percent wed h a coerC|V|t |H0 be n Ieast 17

X rm ener
product (BH) 8 Yé q gﬁé'g}g& {n foent
bndlor Tb. 11. il 5?35’ @3; e s oS HPHP P
coercivity iHe 'Pﬁcraéas S as a T e n Hie PreETeR 115 {fie amount of Dy
andl or Th. 124, mpdaﬁéﬂmmﬁet BROIRY to2i? 6] Whteih heRBfcHY fHoTbrtHol MérSiResiastdlindat
whi ch has ¥ COE hfbhoh bdthd drkoutlor N anbeer®! 21 kCe. 35 13. The per manent magnet
according to claim3, which has a coercivity of at least 21 kCe in an
as-sintered sRaffbe Pema.nemmglMamiemto aneapa of clairecdie A1, which kas@|cedreivity iHogfetddast2l s
an i nproved resk@e.ance to oxidation characterized by a weight gain rate

AW W of t t han X 10- t est ed t onditio t
o120 " Wbty e sbussniiodo s vie hifefire v 85l oblfy 6B el
15. The permaneﬁ emagnet according to any one of clains 1, 2,4-7, and
10-12, whi ch 445 TReRShaRAtRbdeYackdr&iR t9baid 3 chﬁ‘has%ﬁiﬂ%v&hé%&nce‘l&oxidh&n chdtdterized
per manent MEgNelby 3 wEak@kiR Sitd AWAYof A&tenoRd thér 8 KR0-lg/crm? whéir tdsted ndek PheD0RLIItRS at a
whi ch is ghar actamperaieb dpynot BRY dreiane RaAidIGTof $0%or D houls. phase where I\/b S
predlgmi nant between Fe and Mb. 17. The pernmanent magnet according to any
one of cl ai ns153 Theypermanepiinjaghet aosordingto payeng eff claimsfly 2 &-7nd (@112, witiehdgsp ially fragef
characteri zed bf"{dhe':"p?@’é‘e*ﬁce of (Fe Co l\/b) B phase where M is

g;;dgnmengfr:;[ C?fagrqge%oane 5 N‘&Zhas %;—jg;g 3115?1 wh%?ocgé}.h%&ﬂy
ere m an Co is

presence of Rm(
pr edom nant ¥ NYe fmarent n&h@ﬁht according to any one of clalms 3 to 14, which is substantially free of Nd,..Fe,B,

phase and characterized by the presence of (Fe, Co, Mo)-B phase where Mo is predominant among Fe,

Co and Mo.
50

18. The permanent magnet according to any one of claims 3 to 14 and 17, which is further characterized by
the presence of R,,(Fe, Co, Mo), phase where m/n is 1/2 to 3/1 and Co is predominant among Fe, Co and
Mo.

85 19. The permanent magnet according to claim 16, wherein a Ry(Fe, Mo),4B phase is present as a main phase
where Fe is predominant between Fe and Mo.

20. The permanent magnet according to claim 17, wherein a Ry(Fe, Co, M0)44B phase is present as a main
phase where Fe is predominant among Fe, Co and Mo.
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Mb. 55 19:" The pernmanent nmagnet according to claim 16, V\/ner
Mb) 14B phase is presentas a main phasgpo¥agsgere i s predonina }Ii' I@m“ﬂ”n“l
and Mb. 20. The perrranent magnet according to claim 17, whe

Co, M) 14B phgs sent n_phase where Fe |s omn anon

Fo. Co and AT g ergep Gogenfio St SNy gl 26,14 b 3p AR F"a'c g g

S * 21. The perma%ent magent according to any one of clains 1-20, which |s

an ani sotropi c sintered permanent magnet. 5 Patentanspriiche 1. Dauermagnet
mt 12 bis 1Pafintifepbiidne WObei REOr Pr, Nd, Dy, Tb und andere

Seltenerdnetal l e oder Ele- nente, die als unvernei dbare Verunreinigungen

ent hal ten si Rd, padephdgnet i bis SER6H-%IR, Watlei RiaBrrd Dy, Tb I ahdre Seltenerimbldlieloddriblel R
91,0 ist, 5 bi snidatb, ditaidiindérhsidbareVeiniainiglingsi dhtiilten sthd QlehbidPaulgeBetAldand, 8@+ Nd
und 0,1 bis 3 ArOyHTo¥R =1bist, wobel der Rest Fe Ist, oder Fe und

Co, das elnen Teil &BisesaenZ%B, 2. Dauernmagnet nach Anspruch 1, bei dem B

und Mb in ei nem sol 2biedAv@rhMbt ni s vorliegen, daS (x - 4,5)5y5(x - 3,0)

i st, wobel der AntefpP1kis0.BAbM-%€wmdo x und der Anteil an Mo In Atom %y |et
2D 3. Dauer magnet n@dhisAApredlh | oder 2, wobei Fe tellweise durch Co in

ei ner CoM#hge von SWQHGSdGVRﬁEﬁ#ﬁ%'&%@@EQ dasseinen Jeil Fepgsetely nagnet nach ei nem
dervor her gehgnden Ans rOc s ch

rsetzt sind 2 5% E oA o8 988 Vo, B e oo vl g, das % -
wobei R Nd undI B‘%g rAnsprrilche 1-4,
wobel R 0 Is 3 tc')?nr /o er JFEg Eel(lzler Qgest %ﬁd/ oder Pr ist. 30
7. Dauer mag et Daaéa.hagmatmem;dwrmﬁ raaérQh@ba.FSmilwmaaeurde&Be.bureowngémm% ARm{
bi s %Atom%undsﬁetﬂ;sOZ bis 0,09 Atom % sind. 8. Dauernagnet nach ei nem

der spruiche 1-7, wobei Fe tellweise durch Co in einer Menge von 4 bis 6
35 At om%% Pﬁ\'qg'éwﬂtt"é‘ﬂ‘ eipag derverhergahgrden Angprfiche, wobei nfghl reahpaiz 9o % Me duicih¥d m
der Ansprig che £™¢t2tsjidbel B 6 bis 8 Atom % ist und Fe teilweise durch Co In

ei ner Menge von n‘éue?hggmg meré’dk ﬁ%@&{éh%ﬂ 3h%ﬂ§ﬁé Wohel2 ﬁﬁt r%d%rﬁ istl40 10.

Dauer nagnet nach ein ns ruc 7 Atom %
und B 7 bis &, Atuaﬁerﬁ{agﬁbm.m eﬂieﬁ A PRSpFich Y- wtbéi Ri0s Iitdh% Dy @RBoddr THURE dd) Rbdt Gt
und ei n maxi mal ardiddaerrgk.epr odukt (BH) nax m n- destens 28 M30e auch ohne das
Vorliegensson Dy und/ oder Th betrfgt. 11. Dauermagnet nach Anspruch 10,
wobei di e Koék 2|D@vqm¢@#ltna¢hlmeﬂ@fé\n@h§h¢1ﬁefab%RliﬁlhkﬂW&ﬁeWPiyszﬂ&"WZ
Th- Menge anst ei le°°9f§t°m2’/°s'|!huerrragnet nach ei nem der Anspriche 3-11, der

ei ne Koer2|t|vkraft | He

rach Ansprycif ST gl ten'"@eg"%tf'\?% }r b P et e RRETREA RS o
gesi nt ert&h zu- 0 uer magnet nach Anspruch 3, der

ei ne ver bessay.t ®afidtmelmbd r@&ﬁéﬂ@ﬁ\tdamlsﬂti&b H-70Wdb B Sbis 8 BOKSIBGAMY FEBMRieise durch Co in

einer Menge von 4 bis 6 Atom-% im gesamten Magneten ersetzt ist.

10. Dauermagnet nach einem der Anspriiche 1-6 und 8-9, wobei R 15 bis 17 Atom-% und B 7 bis 8 Atom-%
o sind, dle Koerzitivkraft iHc mindestens 17 kOe betrégt und ein maximales Energieprodukt (BH)max min-
\—

destens 28 MGOe auch chne das Vorliegen von Dy und/oder Tb betr&gt.

11. Dauermagnet nach Anspruch 10, wobei die Kaerzitivkraft iHc weiter als lineare Funktion der Dy- und/oder
Tb-Menge ansteigt.

12. Dauvermagnet nach einem der Anspriiche 3-11, der eine Koerzitivkraft iHc von mindestens 21 kOe auf-
weist.

13. Dauermagnet nach Anspruch 3, der eine Koerzitivkraft von mindestens 21 kOe in einem gesinterten Zu-
50 stand hat.

14. Dauermagnet nach Anspruch 3, der eine verbesserte Oxidationsbesténdigkeit aufweist, gekennzeichnet
durch eine Gewichtszunahmerate AW/Wo von nicht mehr als 1,5 x 10~ g/em2, wenn er unter den Bedin-
gungen einer Temperatur von 80°C und einer relativen Feuchtigkeit von 90% 100 Stunden lang gepriift

§5 wird.

15. Dauermagnet nach einem der Anspriiche 1, 2, 4-7 und 10-12, der im wesentlichen frei von einer
Nd,..Fe B,-Phase ist.
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durch ‘ei ne’’Gewi cht szunahmerate AW W von nicht nehr als 1, SHHIWWmlﬂm
wenn er unter den Bedi n- gungen ei neepbaspesaaur von 800C u "IIII
rel ati ven Feuchtigkeit von 90% 100 Stunden | ang geprul ft 55 Vi rd. :

Dauer magnet o 4

vesent | chon 11 G SRt e e bl s
1 111111 . Dauer magnet nach ei nem
der Ansprr igc hu7.1pal£énﬂagi'etmde.m1 db?Ansmdcrae-,M.gemwxeammbﬁmﬁuaahddﬁq.}a’ppﬂaegmnd
ei ner (Fe, M) - &dNias ¥orlidgan dbe (Fe)\to, Mo)-BPhadse gekarchzdiéhnat Gat, iveder Bl hterdFe) Gxi und Glo Lar-
Dauer magnet nacherscheedisider Anspr Cche 3- 14, der |nwesentl i chen frei von der
Ndj +,:E24B4- Phase bst und durch des Vorli egen der (Fe, M) - B- Phase
gekennzei chnd® Fg‘te'mﬂgﬂetﬁgé‘Pe'W‘{?Fﬁ'EP lighe 3-1¢-gnd; | fle WSWFBTW"Q?E?"P@EFH%'EW?’E“?V”'
Dauer magnet nac h8geaer BrlFeafie Molrtfiasedn def mfiy (R bisp/1 igfund fraupier hegFasnd Mo vorherrschend
gekennzei chnet &t durch das Vor- | i egen einer Rn(Fe, Co, M)3rPhase, in

der min 1/2 Ry Spaledmdghidt nktAAndPuch 36, Wober Bine l%e‘égﬂ Mg“é( Phdds bk ﬁEJ%ﬁ)ﬂSLe 'v&’iuegt, T der

Dauer magnet nacpe it P§ thdMolarheMS2R&d €1 N€ hase al
Haupt phase vorliegt, in der Fe unter Fe und Mo vor herrschend Ist. 5 20

Dauer magn®t 20.c Ravkrraganet och Bispruvh e wobdi nise RZKe-Co, MoYyB-Rlimpd 48HRIpmbase xbrijegt, in der
Haupt phase vor | Feyter Fe.€oded Me-@rhersdiendig, Co und M vorherrschend Ist. 21.
Dauer magnet nach ei nem der Ans rUche 1-20, der ein anisotro esi nterter
Dauer magnet &t DausEmagass apryelnerp figs Aaspiches-2fl, dar °'BéP'fP§H‘€ﬁt9°%‘?‘ﬁ€%ﬁ‘fa’ b 18
pour cent ,at om que de RR repr6sent ant Pr, Nd, Dy, Tb et un ou pl usl eurs
autres 61 ements, f aggnéz partie des terres rares presents comme i npuret6s
I neyi tabl es, sous 5 serve que 0,8 5 (Pr + Nd + Dy + Th)/R = 1,0,

5 A , 5 pour 4CeRinaatSHafthee Parf12s 1 pBaHsEnt GoMiquéde SHeanbk NDf ¥b 8t ufl o
pour Cent at gm ufrdd: éléﬁ?gr{?i:pefalla 1 a?tle(fxgyferrgts@%iqﬁ& %% ufetés i ll‘% zi)lesb sous ré-

| e reste gonsi sggmqugaaéqp,muﬁgy byR@ 1foepl acant une partle du Fe. 2.
Al mant per manent sui ¥ 38k phurcénbMehglie@@ti on 1, dans lequel, la quanifte de B

en- pour cent age at on2 &5 poubtearbdtoriiqueldemoNt 6e par x et la quantite de M en
pour cent age at om qUEOES BRpout P idijub decpat y, B et Mo sont presents en un
rapport de B A M te&h agpaeur 3t atomique de Al, (x -
4,5)3: y 8% (x - 3, 003r@tecﬁésisantenﬁe.ronﬁaemomlapamundrartleeuéeldi cation | ou 2,
dans | equel Ee est partiellement renplao uantite de Co all ant
de 3 A7 pourz c Afnteermanestuivant [§ revandication %‘Fﬁ’é‘h ﬁ'Et'%s"GiB\?&Pﬂ““‘P“ tage&toppiaue étant
revendi cati ons gﬁ"?ﬁ e “ad‘é{ it d@g‘ﬂéf‘ PN 'd%?a?‘i‘t"?"!"@ élagrTeRcERRNos RAE)Y: & ehMggont
pour cent At oni rGEeni &N Kiprapieyt dp gé) §( Ag nt permanent suivant
| " une quelconque des revendi cations p en‘fe s lequel R represente

Nd etlou Pr. gir ainfant Jefncma& sUNBhITXBRAbicatbH VY, ddns Lea@el Bt SePiaidivenGEifplacs par Co, la
revendi cati ons guahi d@ﬂgntldgquzbo&&,pm@w 0 A 3 pour cent atom que de Dy
et/ou Th, le reste consistent en Nd et/ou Pr. 7. A mant permanent suivant

| * une quely orguaindatpenmanentelivent fune des reveificgtionsiprécéddnteg.dans Idquel une quarGtéoorn supdlieure e
quaRtite de 15 Asqvoup@ﬁntat@éqwdabnemtmlacspes\{- present en une quantite de 7
A 8 pour cent_ atom ue e resent en tit6 0,02 A
0,09 pour cent ﬁi"g @W"e%s”“ﬁpﬂﬁ?ﬁwﬁ'?ﬂ" rfgﬁfe"?awaﬁ*ﬁ"#g‘lfﬂ 3 '%“8%%1!%“'%8%“’
revendi cations ‘dans | equel Fe est partlellement renplace par Co en

une quant ¥t e gde afhaht p@rnﬁﬁél{t sunBRtiund GdIBoRdYS dékat3ndicafnS A4, d&r%tlé%l.lel REecmprehd 043 Fagt

per manent sui vagént htoiged d3WH leBRTBUE red@ 2orsRiARA NG 8liduPis 1 A dans | eque
eat present en une quantite de 6 A 8 pour cent atom que, et Fe est

parti el | ement?. r Ainphtaeanapent suiantd nneygueicanguertes tevendieatiansA &, dans lequel R est présent en une
quantité de 15 & 17 pour cent atomique, B est présent en une quantité de 7 a 8 pour cent atomique et Cu

50 est présent en une quantité de 0,02 & 0,09 pour cent atomique.

8. Aimant permanent suivant 'une quelconque des revendications 1 & 7, dans lequel Fe est partiellement
remplacé par Co en une quantité de 4 4 6 pour cent atomique dans I'aimant total.

55 9. Aimant permanent suivant 'une quelconque des revendications 1 a4 7, dans lequei B est présent en une
quantité de 6 & 8 pour cent atomique, et Fe est partiellement remplacé par Co en une quantité de4 26
pour cent atomique dans I'aimant total.

10. Aimant permanent suivant 'une quelconque des revendications 1 4 6, et 8 et 8, dans lequel R est présent
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pour cent atom que dans |'aimant total. 10. Ai nant per rranﬂmll‘slwmu“uuﬂmr
quel’'conque des revendicatlons | A 6, eptogBogtsBd, dans | equ t X

16 EP 0 430 278 B1 * C L M S * en une quatife de
15 a 17 pour cepf 3t MfleAL'Ss £ pir Gt atdhlidl3 S(H esiitestitEn FhE Finky burdert atbifiie,
cant. at o que, e o £ i B i IE it &'%deﬁqau‘é\mi%ﬁﬁ e

produi t 6ner g6t kalyeod i Remd sahd 1T Brésenéd ey ol 5 €0al A 2 mene sans
| a présenge de Dy et/ou Th. 5 11. A mant pernanent suivant |a revendication

10, dans | equel Almantperenacéntsuivent lakéyeralicgive M, Sans lrquetia coerclyivd IHc dugmente et 'cutresous forme
foncti.on | i neai denedenclicn lingaixerds Ia quadité @DyxtbwTb. Th. 12. A nmant per nmanent

sui vemat i'une_quel conque des revendi cations 3 a 11, qui possbde une
coerci vite i g Agant permagent suiyagtiyae guglcqnaye deg gavengdicafions 3  &. Al Resede e cogrrvitd ie
revendi catd on 39YUP"AISO8de une coercivit6 d au moins 21 kQe A |'etat tel
qu obt enu parssf hirfehfinanddt suBh{ERbenBEAERS S0 pofii 8 bodrdbns BUERSHAKDEE rdlt o
qui possede UNe g dnd hahiBgea ! | Or ee A roxydation, carao- 15 teris6
par un gain de poids AWW non sup6rieur A 1,5 x 10-4 g/cnR2 lors d'un essai
dans des condidi iAot pdemahethpimaetiarevendations, dui B86Ge arie rébistancn athélidpéerad bxytiation carac-
6gal e A 9% % pe Haisivar drifinkie peldAW/ WA ngh svaérieundeliGretfehigicm3 igis iin sshi damsales conditions
guel conque des detempétaturg E9atais80iC et2’humidits relativg Ggaleh 90 Jupendant 100 heurésguenent
d6épourvu de phase Nd, +, FedB4. 20 16. A mant permanepnt suivant |'un
quer conque. o8 ARpRkdae g"'ip('gg"éswﬁ%? ipatns 1 7 41 15 gy g pfpuppent
par |a prgsence “PeUNRIDPHETE 42 'F¢, M) -B dans | aquelle M est predoni nant
entre Fe et Mg alvant potntREH: sURBRTEHR GDdicondle Yod tovehdidalibhs 4. 4S4-8,0B95 6t 19981 est caractérisé
revendi cati ons 3ars ésenddlun€BiasdMedkd, SBEETBAAG 1 OMS Skl pradominant enflEFedims.e de

Nd1l t, Fe4B4 et est caracterise parla presence d' une phase de (Fe, Co,

Mb) - B dans | aqudinast debmansiit syivastione qualaéngendes gevhialjcatidos 24 14/iqui estratiguementtdépourvu
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