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present invention.. For exanple, various elenmental netals are nelted and

cast into alloys haV| ng a 20 tetragonal systemcrystal structure, which are

then finely ground into fine powders. As the nagnetic material use nmay be

made _of the powdery rare earth oxigpe grff¢ 552 B¢y material for R). This may

be Hegted with powdery Fe, ovvder FeB and a reducr ng agent (Ca, etc %for
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or magne s include Cu,,S, C d”ggé(&ﬁ/g 40 presentgin tot an oup to 4.0,
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It Has thus been found that new stable Fe-B-R type ternary conpounds are
obtai ned by adding B to the R-Fe system and have Tc as shown in Table 1,
whi ch vari es dependi ng upon the individual R As shown in Table 1, such. new
Fe-B=R type ternary conpounds &R 103 pB2IBEs of the type of R Wth nost
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73Fe- 197B—7Qt 36 B. A further increase in thd a@ount of B ca8¢4§ BF to decrease. 73Fe-17B-1 CCe
7.4 160 3 73F§AJB[E- ;I,|ODr 7.5

300 25 4 73Fe-17B- 10S ' 9.2 340 5

73Fe- 17B- 10Gyd, - Composition 7.5 iHe (339**30 Br (kG)** {BH)max (MG@e)**
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6.2 310 8 85Fe-15Nd 65Fe 25B- PO\Id 0 06. 8 : :
260 36 9 szet 7B 5La-5Tb 13 6 0 330 [err]:
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t he per manent. magnets o Ed'?sw ng of vari o%% Fe-B-R JyPe connggds pr epar ed
by thg. foll-ow ng steps. For tﬁe pur pose of conpari son, control nmagnets
departing franthe scopeeyd-1sNge present imwgention gre al so dasgri bed. (1)
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‘copper nold. 7As the stédfe$thtPNdaterials for3Fe, B at R, use W&d nade of, by
wei ghg, ratiofor the 9% el ectrglytic ir 50ferr oron aIons
of 19£ 38% B, 5 32 % A %[’%*"?41‘5)3% 0. 03% C%a‘ynd t he bal ance Fe, q)gnd arare
earth el enentg or el errmréndsawmg a puritysef 99.7%aes higher 28eth the
inpurities being mainly other rare earth el enents, respectively. (2)

Pul verizatiol® the ca f‘hb@‘\m‘i’e coar sel y ’dr ound i B% stanp Pl until they
passecf through a 0.42 gm I(@sh) Si eve,"%nd then sere finelygpul verized
inaball mll for 3 hours to pm (3) The resultant powders were ‘!
oriented in ® nmagnet i cssFé-miBcdswd 10 kOe ant¢7corrpactemunder a poessure.of . i
14.71x107 Pa (1.5 t/cmz%le%?&3 % The resultant conpacts were sintered at [err] |-
for affout oft hour in R gJold at nospher e'%8nd, t her¥hfter, - al M8wed to cool .
As seen from,lable 2, 17§1% g€ conpound%Ehave a cpgrcive fopge close to
zero or of so small a va that hi gh HC neasuring neters could not be
abpf[ied andist hus pr ova3geizBaoper manent rragmets Hov&s/er, the1taddition of 4
at %#r only 0.64 wt ‘% of B raises Hc to 8kOe(sarrpIeNo 4 and there
is a sharp |1§crease i PFE7RM an i ncreas¥® n the ahbunt of B

I'nci dent al | yy7 ( BH) max jsRei78a86$ tO 7- 20 Mg0e and evgp reachegy35 M3e or

hi gher. Thus, .the presently invented nmagnets exhi bit high nagnetic -
propesti es e¥ceedi ng t866seB-aNd SnCo magnet ® currentl® known toObe the

hi ghest grade magnets mai nly shows, 65 Nd- d Pr-co i ni ng
conpounds but9 .as showr?z‘?% ﬁﬁé | ower part Tabl e“g{l t he FeqégR type
conpounds_Z.39 EP 010lyghhsgk.AfigWherein R stygnds for 108 her rargggarth

el enegts or various conbinations of rare earth el enments al so exhibit -good
per manent negfnet propedte-Bsi7NAs is the cad2 with t k6 sanpl es 38fhown in Tabl e
2, Fe-xB-15Ng-and Fe-8B-x stenms were peasured Br and . The
results arel\%ummrizeggrﬁggﬁ . 3 and 4. G‘rtherrmﬁ‘gSI Fi g. 52|b | ustrates

t he rgl ahaehrys kvhet weemo-{ BEdidyaxvaoesigead/mn a sim | ar manner and the-
Fe-B-Nd conposition in the Fe-B-R ternary system

sy
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The Fe-B-R type conpounds exhi bit good permanent magnet properties when the
amounts of B and R are in a suitable range. Wth the Fe-B-R system Hc

i ncreases as B increases fromzero as shown in Fig. 3. On the other hand,

t he sidual magnetic flux density Br increases rather steeply, and peaks
in t vicinity of 10 5-7 at %BEp\ 04gihss2i B4rease in the anmount of B

causes Br to decrease. TABLE 2-1 . Conposi tion . I He
(kQe) ** Br (kG** (BH) max (NGOe)*TAql@ 22 85Fe- 15Nd
0 : H EE_ 2B . %%
13 g comodficf pp e ol TN pmerivpgey
1.8 5 1023 67Fe-8B-26Nd0 4 12.6 81Fe- 4Bs.4 5Nd 8.6
2.8 10. 8 13.4 5 79Fe- 6B- | 5Nd
8.0 1340 57Fe-8B-83fd5 o5 6 14.6 78Fel-¥B- 15Nd =1
8.2 12,9 7 77Fe- 88, }5hh
-10B2 24
73w TR i s 8% 75re- 188 15Nd
8.0 1¥28 85Fe-15F81. 9 O 0 73Fe- 128 15Nd 0 -
8.2 10. 5 25.2 10 68Fe- 17B- 15Nd
7.6 g 7 73Fe-128-1pfr 6 35 11 6.8 . 62%®- 23B- 15Ng-3
11.3 29 8 sFe-158-208r 9 12 125 55Fe-3pB-15Nd
107 4.2 OoFe-1SB-29% 0 40 % 53Fe-$3B- 15Nd
10. 2 *200 76Fe-19B-5P1. 8 14 . 0 7CFe-d7B-13Nd o
5.5 8.9 11.0 15 63Fe- 17B- 20Nd
12.8 %.6 76Fe-9B-15F. 5 45 16 20 5iFh 178 3089
148 aft- > 77Fe-8B- SNé“iP? *17 92  48Fgrd7B 35Nd 445 -
>15 | 1.4 <1 50 - 18 86Fe- 8B- 6Nd
-0 032  66Fe-19B-&Nd1/Be 5.57/9Fe- 8B-18Nd 10.0
4.8 13. 1 29.3 20 78Fe- 8B- 14Nd
7.8 # 138 74Fe-11B-2801-BPE5 21 68  75¥R-88- 17Nd'72
9.2 1346 66Fe-19§a1=r-¥v 22 61 /3Fe-8F;19Nd 4, :
11.4 10.9 8.0 60 ** 1 kCe=79.6 KAAm 1 [err] Tesla, 1
M30e=7.96 kJ/n85 65 8 esFEnmmaapssa Bl TABLE 2-2 No.7.9 13.9 - R
Conposi 4 on i kQe) * * Br (kGQ** (BHpmax (M3e)** 5
23 67F%- 8B 25]\58';'8.259.1%& 12.% 085 g 8.2 8.6
24 57Fge- 8B- 35N¢bFe-2oe-8Tb 14. 48 es 1.9 41 <125
78Fe- 10B- 12Nd 2.4 8.3 6.3 10 *26
85Fe- 15 38 70Fe-10B-20Dy LS8 ¢] 6.4 0O 278.0
73Fe- 12B- 15Pr ' .8 9 5 20. 3 28
65Fe- 15B-20Pr %% 7are-108-1go 79 88 0538
- 76Fe- 19B-5Pr 49 79Fe-8B-7Er$Th 45 7.1 0 30g1 .
76Fe- 9B4d 5Pr | 9.0 11. 4 - 26.9 20 31
7;;2 8B- 8Nd- 7P# 74Fe-11B-108/d-8Ho 108 8 101 31.5232
66F€- 19B- 8Nd- 7 - . 7.1 10.0 33
74Fe- 11B- 2Sm 13fr 68':8“73‘8"%?73;" F% 3172 ég -
66Fe- 19 8Pr - 7%3 68Fe-17B-8N-7ib 57 7 7.4 10.5 33
68Fe- 17B- 7Nd- 3Pr - 5La 7.1 7.9 13.9 30
: 44 77Fe-8B-10Nd-5Er 54 10.6 : 258
Mark * stands for comparative samples.
50 ** 1 kOe=79.6 kA/m, 1 kG=10"" Tesla, 1 MGOe=7_.96 kJ/m3,

In order to meet the requirement for permanent magnets (materiais) to have Hc of at least 1 kOe, the

! amount of B should be at least 2 at % (preferably at least 3 at %)..

55 The instantly invented permanent magnets are characterized by possessing high Br after sintering, and
often suitable for uses where high magnetic flux densities are needed. In order to be equivalent or superior
to the hard ferrite's Br of about 4 kG, the Fe-B-R type compounds should contain at most 28 at % B. It is
understood that B ranges of 3-—27 at % and 424 at % are preferable, or the optimum, ranges for attammg
{(BH)max of =7 MGOe and =10 MGOQe, respectively.

60 The optimum amount range for R will now be considered. As shown in Table 2 and Fig. 4, the more the
amount of R, the higher Hc will be. Since it is required that permanent magnet materials-have He of no less
than 1 kOe as mentioned in the foregoing, the amount of R should be 8 at % or higher for that purpose.
However, the increase in the amount of R is favourable to increase He, but incurs a handling problem since
.the powders of alloys having a high R content are easy to burn owing to the fact that R is very susceptible to

65 Oxidation. In consideration of mass production, it is thus desired that the amount of R be no more than 30 at %.
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36 . . © 68Fe-20B-12Tb 4.1 6.5 8.2
37 72Fe- 20B- 8Tb 1.8 6.8 4.1
35 38 -~ 7OFe-1 0B 20Dy 53 6.4

8.0 39 75Fe- 10B- 15H0 EP 0101552 B1 4 5 6.4

7.8( When the an?o%ﬁteof%%xaéﬂs @I Ndper limit, difficulties wo‘ﬂld&e involved in mas€ pﬂoduction since
8. 10 4oy powders are/ éds@td bbBrnl10 10. 3 10.1

23.9 42 It is also de@Bdeo datRra8iNte Faplint of R as much as posstblegsince R is more expegsive than Fe. It
10.2 45 is understggfd that R ranges of o yig="08 I&argl t % are preferable, or t;bbe ?ptrmum ranges fZ
m 5%%) Y respe ively. r

Fgrtﬁer compositional rénggs for high

10.8 41 e e @H%Ed according to Fi

25.8 Mar kBI-j)max vaita%Z m_?g i FIATIVE NNy 1)) g qé@'om the aforeshid<@iied fh. sGcrkavhannerl
[err] Te $Haathe abfistie prop&iiesied éxnﬁd atlinthe prelgant iheentieredre bhenﬂequh thepeasentty mvented
per rranentn:)a Qtesn gnﬁrp@rla\balr@pnﬁt@ 9@9@64-1!{3 glPta'a?d Whes 'l,‘e ‘;?l:lff EEG bingy nt
shoul d e é&l ey th F{ H‘ g‘apa{etlc %%Eroséc n Fe B-R m,

i nstant | ¥hA ANFEL Jﬂ% gl by n?ay ttﬂ&?g%%&ﬁnggtoﬂhé}h
Br after ssdoRd lddnbht, ﬁNdS(HM@ esérﬁé cd;lﬁ;ﬁ:&rmheﬁ Qarhilg) NoMED) bieTab2 &)
densities arme .meﬂdrendnetizsnoarcdm 1 trigeslseeeplg in vadwembgr@nc and practies sath@nmamb
ferrit e sleBagnefizatidroaurves shays Y%eh'ﬂ*elogl R"fﬁ B’r}hﬂ?"ﬁ Rbte d"t@bﬁﬁgﬂe aﬁ?"
nost 28 &t‘“’% iist ?ugf‘%th 9 sqmws an%nal

M3Ce and 4
Wil new beAmomsihdeb@pounds gwbmwnTable 2T aisl @n@om fFlh unﬂer thhe‘»cmr‘é theneresenbunt
of R the'I:Vﬂn qucm'é;hg%q maried *, griﬁw;r;%%sare ?c ur*ﬁ%{f |o Hg,u feaRdiiife Sfé
mag er i al SinAVE METL 51% ah Py ﬁ&@gh%p he
amount Ofpnjgl anﬁ@éﬁb@:mxen es Hin eglE\efhe eQ§al§Mkd?)%B@a‘3lQny \M?'N"Brﬁalp fGnent

i ncr eage rﬁd@n&thﬁatmmﬁlcmfzosaesb%u dhanigh prapéreest ia theaissemeaof dobaltbut | ncurs a
handl i ng probl em since the powders of alloys havr ng a h| gh R cont ent are

easy to Isuvstel @M 2‘7 the fact t e sceptib S erd] ée}
In consid ELEIY FFt'g? gmg}@bcedﬁ%lw ﬁr me ne waﬂff m f ar
R be ney, ?{Imef ecte ﬁr?t:g,év%t bsrevt ize a Frgmﬁrln ttlhé%ﬁﬁ&'dman@fs sa'nples
exceeds thlaﬁngmﬁeo“on-lpbmrdns adlsf:écrﬂewlut Tabte mueredothﬂnednvol ved in mass production
since-all oycmm:;ws Em'@i@a btain derystal grain gize of 10Pgim erdreated, tbes'ereeﬁ edies weiR
anount ofmateigedy %B‘?Jé‘gieldl‘ &N EFRcHMRSRNEren % RIPERHLS Rl KA PR SNleNY 5
under S% Oéﬂnﬁﬁ? IK gfsa 3@2&&%3{% @&qp&%o@a rﬁed@‘ i @ TabieeWéP oBaintd

t

the opti rﬂaﬁ&etﬁ@ﬂﬁﬁﬁerﬁ@iﬁd 1SRéteREnd AEghetipropRftiel a ti\ﬁﬁ@ea&lﬁ}stbl@ra’ g sizk& TMCe,
respect i waday.crfstal ghagr suzeomwsd to iEnelh wasngesurédoin the frtiewing Brdpnerx val ues ar e

al so pr.esenfeisanwley wereypalisiedi ang CQTEPC'F‘F n t'!?" g:?e& Brrﬁt‘%mwphsd é’ﬁa"@ fb
at

appl i ed s’h‘&’ﬁf‘iﬂpbﬁawd? cﬁ %ﬂ?.;es Hip ,ZHE ua,s §§? ?éffr:%o

the maghdlf cj@ﬁ@f%’,}; dQ'E RRERerbY A Were2BuricCes Mot rame .

erela "?&ﬁ'@ﬁ%‘ %ﬁe
are pref ‘EOf i rtd roi?ﬁElp ntﬁ@ﬂ%ﬁdhbn@%h&hﬁf ﬁgrzz Eed%ahc& gtilﬂfﬁ f the
deRbd

e
Wth the @niemenbd % B b o yrraagnemaca. par w8 Simittderran akibuatioR.gnet i c

properti es &bl té sablestnenketi Hesprazere coropquaive @xanfplesiuts, BanB "1l debastirom 500

fit t o
R\and théhbatroaﬁ@ét@eqo OW@WH‘P MASNSES; QCF '“9 he| eEélF;? e(f"/:g%g rﬁg\ﬁ@ 955 rts:%fmSm as

an enbt'fdrtr;resco easd mey theIfo %§G§ th°é ik

anrsotroprc : systen1 Fig. 2 shows an.initial

~ magneti zation- curve 1, and a demmgneti zation curve 2 running through the _
first to the second quadrant_ for 68Fel7B15Nd (having the same conposition
as sanpl e No. 10 of Table 2). The initial nmagnetization curve 1 rises
steeply in a low magnetic field, and reaches saturation. The 15

demagneti zation curve 2 shows very high loop rectangularity. Fromthe form
of the initial magnetization curve 1, it is thought that this nagnet is a
so- cal k=d TNlcl eation type pernmanent nmagnet since the SnCo type nagnets of

t he nucl eati on type shows an anal ogous curve, wherein the coercive force of
“which is determ ned by nucleation occurring in the inverted nagnetic
domai n. The high |oop rectangularity of the demagnetization curve 2
‘indicakes that this nagnet is a typical high-performance anisotropic
magnet . 20 Anong t he conpounds given-in Table 2, the conmpounds falling

§  under the scope of the present invention, except those marked *, did all

show such a tendency as illustrated in Fig. 2, viz., steep rising of the

i nitialg magnetization curve and the high rectangularity of the

~demagneti zation curve, such high permanent nagnet properties are by no
means obtained by crystallization of the Fe-R or Fe-B-R type anorphous

ri bbons which are knowmn in the art. There is also not known at all any
conventional permanent 25 nagnet materials which possess such high
properties in the absence of cobalt. Crystal grain size: Pulverization (2)
L i n the experinental procedures as aforenentloned Was carrled out for varled

NodeRs, 2 rneﬁ&eé:ﬂwbt\/tﬁu‘synagﬁa is a typTdaemgupﬁdrnsumrﬂéremgrttroprarmgaanétor R

:
!
;
{
1
!




~ 30:100 [err], as neasured with a sub-sieve-sizer manufactured by Fisher. In
* this manner, various sanples having the conposi tions as specified in Table
3 were obtained. Conparative Exanples: To obtain a crystal grain size of
100 [err] or greater, the sint&Pe® 'b%ll553 Bt e nuintained for prol onged
n an argon atrmsphere at a tenpggatyre lower than the sintering
te?%jrature by [err]. 35 Fromthe t us prepared sanpl es having the
conposi tions as specified in TabMeaBcryeale obt ai netapmegnetaperties ch wer e
st udi ed tNo.det er m réompeeition magresain e'ZqJPdp'ert!Hesk%?i”d tﬂTe(kG)*Trdﬁhﬂ"@xW@%)**gr ain
si zes? qorain stze reterre erein asu he
fol |l ow ng hanner : e sanpl es were polished anc? corroded on their surfaces
and phot ogs aphed tgBeLisgl2o@d Opti calyzm croscopenat a nagni g i cat i omqeangi ng
from x100to x1000. Circles having known areas were drawn on the 40
phot offr aphd, and BREHEISHY |ines iMto eight efdal sectdons. The Wunber of
grains present on ters werg counted and avera Howevgr, grains
- on the bor‘(?jers (cﬂ?cur#esgces) Wer3g3 count ed as%%half g?‘gt?ns (thlésa2 met hod is
© known as Meyn's meBRogB-3s580r es weregomitted fzmm cal culwedion. I'msiTabl e 3,
t he s&npl es marked * represent conparative exanples. *1, *3, *5 and *11 all
depart frdfnthe sc?éf?e‘%f”‘t‘%e conposP?i on of tr‘Fé magnets5°accord| g to the
pr esent |dent|on B-13ng T OM * 6, 157 and *17,_ is f d that HS drops to
1 kCe or |less when ene crystal grain size departs fromthe scope “as defined
in the present inweriésnNnd50 55 60 65 10 EPs® 101 5fsb Bl TABL3ss3 Mean
etic properties No. grain

crystal Magn : osrtron
skze D [er?] iHcﬁ@f@C%P*’s"' Br (kO *2 ( BH) max (l@@Oe)** ‘S‘n;E) 213

e ety ey e = ot

80F6- 20Nd _ 0 0 02
65Fe- £5B- SONd 77F88315%;73 R T 7Y %170 10

b *3 *11  53Fe- J3E-1/8MNdr . 3510 0 10 025

1.3 4 . 77Fe-8B- 15Nd ) 33 5.2 ' 11.0

i 22,0 *5 12 . 4dRERBESASNG 7 4 54 - 7§ err]15 135

1.4 [err] X 43Fe- loB- 17 _ 0.7

Lt e 1w L8 7oreton-108d s, Z. Taoe] 5@?;13’\“ 10.7 201
<1 14 6. 3 71Fe-12812Nd g2 20 8 8 48 79Fe- 68 15Nd. 115 .
5 . 13.0 . 36.5 9 _ 68Fe- 17B- 15Pr
22 " 5755‘*'9310”"'6*"11 7 3 21. 38%%0 120 77Fe- 8B-815pPr
4 16 9 FFe-88-9Nc- 601:1 4 6 26.9 23 *11 107 78pkr 17B- SPr
3.5 ' . 0 12 - 75Fe-12B-13Pr
7 *17 5 HFe- 11B-7Sm-8P7 8 93 13.530 . 13 48 =1
79Fe 6B- 10Nd- 5P 6.6 10. 7 20.1 14 -
71Fe-42B- 18Nd- SGd 74Fe-118-5Hg- fona 4 4.8 W3 7 23911.5 15
75Fe- 9B-(4,q\4¢e,m camples 3 .82 12.0 31.5 35
16 ** 1 kO&£h®6 &l NckaeGo Tesla, 1 MGOB=7.96 kJ/im®. 5.7 10. 7
24 *17" 74Fe- 11B- 7Sm 8Pr 93 ' [err]1-

4.8 % A sampje Rigying thej@me composition Ml}ne 4piven @%blg@md other sampleg|were studied in

10. 3 detall i spect of the relatio b e P t élge D*ang_ F‘gcﬂw 2%/ m .1
o) vl S B RS TR

. as No. 4whgh the BorhposifiailatieSwiitkh@ichbey as Séﬂiﬁd aﬁhe\fﬁé’sentﬁvﬁﬁhoﬁ hé flafiés ﬂ/vébn
respe®t thefaverage ¢restal prapnedeiDoand éic weaebstetnhdlvrmarmanpdc‘ﬂyslneabat@rtaatmhes%zﬂeﬁ fsamd Hc.

“ The res(f¥¥3ame ‘P? pingle (da mt“é'd PP"HCLF#‘ tVPB MDA Whl ch. | t.is found that Hc peaks |
when D i,q LRI éiggdfga ndith 3;& A et & g%e% "S'i"eév%r?f.? iﬁﬁe“ o
IS bel 0wadt Bifty hedAGES lesd @b e cr ara érz’é b F%Eo m Even |
when $he cErmpmtsa results giverr ih sblard 4rldiFlys tsheanamnpe esiglerd étfat, nﬁﬂ'dérﬁbrtt eru:res,eﬁi‘n Lk
i nvent i Gregnethte poesesnBr ofbaiyd KGeof base ferrite or more and He of no less than 1 kOe, the composition {
. comes within the range as defined in the present invention and the mean crystal grain size is 1—80 pm, and
that, in order to obtain Hc of no less than 4 kOe, the mean crystal grain size should be in a range of 2-—40
um.

60 Fig. 7 shows demagnetization characteristic curves of sample No. 4—77Fe-8B-15Nd—given in Table 3
and Fig. 6 in respect of its typical mean crystal grain sizes (D=0.8, § and 65 um). From this, it is found that
the magnets having mean crystal grain size belonging to the scope as defined in the present invention
possess high Hc and excellent rectangularlty in the second- quadrant. :

Control of the crystal grain size of the sintered compact can be carried out by controllmg process

65 conditions such as pulverization, sintering, post heat treatment, stc.



50 the a'werage crystal grain.size D and Hc is substantially maintained.
This indicates that the Fe-B-R system nagnets are the single :
domai n-particul ate type magn 1 f t he foregoing sanples, an all oy
havi ng t he sane conposition ;Ef ‘i\rrglfef;%élg] of Table 3 was prepared by

h| rve lue rerreltr ng and r&astr ng in a water cool ed co per erI d. However
er

a
tO T t © ma C propeftie tg t

o e e i B R

o i g%ov all 8¥.itsIClrid SoiRVAsd@i be &i sed'h@reﬂﬁﬁt‘?rrt a9 furfhBe ;
Fe B— Beesnyabemamgweﬁcsrtamdpm sregBesBiicef thalsobstandallyGetodgoa bstbie bf iht Ee-8iR NOr e |
and |—|@/pefcorrmbl4t¢§st9 thh@rhlbithn@é margmélc @mppmsr tTrherﬁe étﬁhlaase \mtltaemql svistemr dlpyds as
def ! ngr%npwrr‘nanen @sﬁ? % FOP%%E: as, aimed at |n II"; in?prg‘l Oar:Fréalsl 80
[er ';a] a‘ﬁrdcry Ltal sh’ ure C%& é%é me pFée t t?o %wqﬁg%ucraa?ﬁi mean
Crystal.thgéfabﬁbestbztse VN, range of 2-4
demagnet ization char acterl stic curves of sanpl e No 4 77Fe- 88—1 SNd- gi ven
|n TaE*I@"@e'&HCPFP"f Ufeﬁ in respect of its typical nmean crystal grain sizes

8) Stading reste rcﬁr ‘Pi”ty %Yﬁ"t'?’(r‘ge'g"ltt%r s found that the nagnets having nean -
bo? |

: crystal 87 &y el angm;poftgge scope as defined in the present
i nvent.i oR: mesa.ghérghnﬂ-mpanﬁbs%ag rhaiily ofh8€ a1 @aHhadidrhants. N t he second
quadrant. Control "of the crystal grain size of the sintered conpact can bel.
carri & Theexnpyimental mrerqdv%t? shews ¢ §g Q:ondr tions such as pul verization,
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as Al e Iage latticd doRstprite 8@ idund m\eay bme0dt thebthary sygﬂélﬁ ccrhyamaé susit #sLRGKeIFeB erid t he
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pat t ehbveG sW§Hily idefieks eaan h@caea ke., w.ﬂm{ 14052 Indsihat huv8am§ﬂ:9pnferéw al |

be ex[ioai tedgasvithinel%. etragonal crystal s of [err] nm (8.80 A) and Co=1.223

- nm (12, Zﬁegs-ﬁ WpEpgmanent mapiiets ebthe fetragrnglamstem aedqedinada fhe prasens inkentigy Wpleaks
Thef* mapPYrbetraained; witl refarsans Je e olioning RPHESERve BXamRlesR  as confirmed in the
"XMA neasurenent, has turned out to exhibit such a structure. This structureé
is characterized by its extrenely large lattice constants. No tetragonal
syst em conpounds having 35 such large lattice constants are found.in any -
one®of the binary system conpounds such as R-Fe, Fe-B and B-R (4) Fe-B-R
base permanent magnets having various conpositions and prepared by the :
af oresaid manner as well as other Vi&rious manners were exanined with an
X-ray diffractoneter, XMA and optical microscopy. As a result, the
following matters have turned out: '




40 -« (i) where a tetragonal system conpound having macro unit cells
pccurs, which contains as the essential conponents R Fe and B and has
[attice constants [err] of about 0.8 nm (8 A) and Co of about 1.2 nm (12
A), good properties suitable for_pe nets are obtained. Table 4
;sho@the | atti ce constants of tEPr ngsgy%em conpounds whi ch constitute
t he Taj or phase of typical Fe-B-R typermmgnets, i.e., occupy 50 vol % or
pore of the crystal strudtrysta strécturé htvarionp beiBritydrasrebownrdst he conventi onal

bi nary system conpounds such as R-Fe, Fe- 3 and Bf R, itnicg tnhsalil‘ ht that no
tetragonal system conpounds having such rEEEBTR t cetd gaﬁgp,&ggti oned above
})ccur. I't is thus piesumeghol RehpddRicd00d PelsfR&HaNt Magniy pr opexytd es are
achi eved by tho i - m
onpound has a suitdbl e crfest6ed-88yr ai n si zdeteggohal besi d&87 nonithhetic phases
ccur which contain much F od properties suitable per ent nmagnets
re 50 8btained. (i i2i) Th?°é1g€'§%Fe- B-R tetragonal 'sysé'gir’n corrpq%él;bnds are
present in a w de cqrpositgOBRA.es ange, and ngy be presemt iniazstable state
Epon addi t'ion of certain elenents other than R, -Fe and B. The said Fe-B-R
inter rre%sﬁl lic conpounds hakeel58m-88ngl e of [err] betweeRBh, b ah# c axes

Wi thin e tol erance of neas ni. i n nost cases, wh in | thus these
onpounds being tet %’agonal %’@gggg‘f&nB -the- présent i nvg'%fi'on,?%#e Fe-B-R
ype tetragonal crysfal nege-joRd-scdss antially , tetragonakl for pzeduci ng the
esired magnetic properties. The term "substantially tetragonal" :
Encorrpa!?ses ones that haveFetONiPEBBl v def | ectred angl e8Bet weed2¥ b and c

Xeg, i.e., within ]Hl or'ope@@g%_gg%SQave [err] slightlyediffers from

err], e.g., wthin 1% The ype perménent magnets of the tetragonal
ystem according to d he prasgnt-sgnvention wl,l 60 nowsbe exphasned with
_ eferenge to the followi ng non-restrictive exanples. 65 12. EP 0101 552
Bl TABLE 4 Crystal ¥ ructufe!Sy¢-1{Barious Fe-B~R type c8fboundd?& ructure of
fLattice constants 5 A ONL ' : maj or
Ehase of maj or phaseFel\B!vd_ssl Al | oy coffposi t'i.on8'82 (%flest en
err] s co (A*f21 Fe-20NEeB 15Ce- 8B " t @81 agonak.24 . 8.77
12.16 10 2 Fe- 15Pr - 8B | y -
8. 84 12.30.3 13 Fe=PYREE4E " 8.80 12248.80
- 112.23 4 Fe-1,5Sm 88 . _ 83 12.25 15 5
Fe- | ONd;5Dy- 8B @ L P |
~e- 10Nd- 5Gd- 8B 15 Fe-15Nd-8B-1Cr 8.81 .,  12.28820 12.23 A
e--10Nd- 5Er - 8B , . 8. 80 12.16 8 :
Fe- 10Nd- 5Ho- 8B 16 Fe-1sNd-88-351 g gy » 12 1% 1222pe.15Nd- 3B
b w . 8:81 47 12.8isaedln Fe-,15Nd- 17Bg79 22
8. 80 - 12.28 11 Fe-12Nd- 8B v _ 82 .
12.26 30 .. 18 12 Fe-15Nd-88Hf8b 20Nd- 8B . 882 | 1225 '
8Nl 12.24 13 Fe- 15Nd- 8B- | Ti | " s 1293 880
12.24 14 Fe- 15Nd- 8BFffya-88-150 o #8.82 ¥# 12 25 35
15 Fe- 15Nd- 855 1C0r  Fe.15Nd-8B-1Bi - » . 8.80gg2 12228 16
Fe-1 5Nd-8B-3Si . . _ - 8.79 ©12.22 40 17
Fe-1 5Nd-8B-2A 21 Fe-15Nd-88-1Sn 8.79 . 12. 88018 12.23
iIFe- 15Nd- 8B- | Nb , . 82 2.2 9 '
§Fe- 15Nd%%8B- | Sh . 22 !:e,-SNd-GB gc-xcg-fentered cu%f 23.8%5 20
[Fe- 15Nd- 8B- | Bi 23  Fe-15Nd-2B 8.rB@mbohedrail2. 23634  12.50* .
jFe- 15Nd- 88-1 Sn . 8. 80 12. 23 50 ' 22
iFe- 6Nd- 6B N.B.: {*) indicatpdchp-hexagoedled cubic 2. 87
; 55 ** 1 A=10"" nm, Fe=balance Fe. . e
Example 1 .

average particle size of 15 um. The powders were compacted under a pressure of 19.62x107 Pa (2 t/cm?)
so and in a magnetic field of 10 kOe, and the resuitant compact was sintered at 1090°C for 1 hour in argon of
26.6 Pa (2x107" Torr). _

X-ray diffraction has indicated that the major phase of the sintered body is a tetragonal system
compound with lattice constants a,=0.885 nm (8.85 A) and Co=1.226 nm {12.26 A). As a consequence of
XMA and optical microscopy, it has been found that the major phase contains simultaneously Fe, B and Pr,

65 which amount to 90 vol % thereof. Nonmagnetic compound phases having a R content of no less than 80%

?
{ . o
' ; o An alloy of 8 at % B, 16 at % Pr and the balance Fe was pulverized to prepare powders having an
2
!
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23 . Fe- 15Nd- 2B r horbohedr al 8. 60* 12.50* N.B.: (*) :
I ndi cat ed as hexagonal . 55 ~ ** 1 A=10-1 nm Fe=bal ance Fe. Exanple 1 :
An alloy of 8 at % B, 16 at %EP al'ld1t552tﬂiance Fe vvas pul verized to '
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cont r bstakdlity enctwide mtwaeuy@frhﬁmmne dthNJ’F erthgamounto
comou B e B R R TR PGP B (BE(r 5
reSpect %"@é é‘r‘f@ ﬁé%ffa r€d RANRALS ambsri & M. TrR(E&it ar Of
- Br and, shiefsiBed fh @b 10 tcof204 ssaémwm Egss’muhzjtrb@pmmmrtebﬂtmhddﬁmndem@tamm t he
: réqur.ssrzeﬁpvopewb,rc:e,sm, qusucsocﬁmnwometmartmel\h dimmay hechenen giyeh thah Brimafpunt s
of 't hessagieashalnnt tobeu ggérﬁ"r et Alpi %g.’r g'ewqfléf ﬁ“ﬂﬂﬂb? PReregiated g
h o
lo

speci i E@HAR! ﬁ;?eégl € like stages.’

f addrtlonal elements M have been put fipan 0 Ti ,
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A5 Zr, H, V, Ta, Nb, &, W M, Sb, Sn, Ge and Al) other than Bi, N, and
.M may be chosen such that Br is at |east equivalent to about 4 kG of hard
ferrite. A preferable range in view of Br should be appreciated from Figs.
10 to 12 by defining the Br ran%ianl nto 6 kG 8 kG 10 kG or the like
staQgey. Based on these figures, 2I Blts of the anounts of
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whi ch ( Bidmeeveiashigh eheeysproauptii val ent or superior to about hard 50
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“al though not specified quantitatively. The results have reveal ed the
‘following facts. Table 5-1 elucidates fghe effect of the additional elenents
" Min the Fe-8B-1 5Nd system wherein neodym umis enpl oyed, Nd being a

typical light-rare earth el enent.




As a result, all the sanples (Nos. 1 to 36 inclusive) according to the 5
present enbodi nent are found to 35 exhibit high coercive force (iHc greater !
t han about 8.0 kCe), conpared 06| @q%ieé (i Hc=7.3 kCe) given in Table 6. !
Anong ot hers, sanples Nos. 31™n 3 1 coercive force of 15 kCe or
hi g@ . Ons édnplestNoert dnangit istalve psain 18 9btaiant g doB@iva fosdebAtile aamditingdd hibh ar e
found tBH)wex.subst antially equival ent to those containing no Mwith respect
to Br seel 918 Y bag%w‘gam@emt %%921?72 m@gs{ntw. in addjtion fiFe Rt andHbri@pyriiegwhiel dual
decr eadl® PHAEPI I I R'9fE°S PfdPasTa’ PRICHY anount of M However, all the
sanples given in Table 5 have a 40 ¥sgst d4al magnetic flux density
- consi derably higher than about 4 kG of the conventional haBdirfarrite. In
‘t he per manenNonagn€empogition freatpmigsersenti nvibintkQeit* Bh&GHAdi t i (MIGQe)*&l enents M
are found tTo0 De effectLVve. ] T The Fe-B-R. rerna SYSte wherern R
rangés from 89t_o 30 at %%fa'wd'r@nges from2 Yo 28 a{gs% vvitggst‘he bal ance
bei ng Fe. When B and Rrggpng-1f/r om t he af orgsai d ramnges, thgel enents Mare|.
ineffective (*12, *13-Ris too-low, *14-Bis in excess-, *15-Ris in
exce?ﬁs, and *8-*11-is {#8htNd-58-). 45 T&3eluci d& e the 8Fect of the
addi tion of the additign ts M changes in Br, were ured.in-
vari ed am)Untg of M acg%géd}sﬁlé’s{g@gt he sane tggti ng 'ﬁffnner agg er ei nabove
menti oned. The resul t Skage1spdNBri zed in Figs. 10-43 which gdd ustrate that
t he upper limts of the amounts of the additional elenments Mare defined as|
af or#@nenti onefl. As appBe@ht5SNUSHM Figs. 10.0®6212, iWSnost ca®x%, the greater

t he anbunts of the addgt enents M spo.the | r the resulting in
the | ower (BH)nmex, as ﬁﬁ’%@rﬂgﬁ&j in Table %0 Hovxe@\'gra, i_ncr?(:;lsses iniHc are
vital for suchk permanepdssrmyaatrs as to be exposed {1 a veryadyw gh reversed
magn®tic field or severe environnmental conditions such as high tenperature,
and provide t8chnical BERBHPNEYEST as wel | as?¥n thelldase of 3Hbse with the
hi gh {BH) max ,type. TyprCal i Fl 9. 13 illusftates ree i nitjal
magnet i zat i or}Bcur ves. ah%ié)édleﬁr(r'gdg'let,i zation cuéé/es 1-§gof (1) Itééé?8B- 15Nd, (2)
Fe- 88- 15Nd- 1N, and ( 3fe-$8158@-566Nd- 2Al ( Ferhal ance g5 Fe). Hamples 1,2 and
3 (curves 1,2 and 3) were obtained based on the sanples identical with
sanpl e No. 1'%Tabl e 6)Fe-&Hd@5M9. 5 and safdl e No'1-€21 (Tab$ds 5),
respectively. 3The cur V?éss%sﬁﬁﬂm% al so show ¢ he rectgngul arity, or |oop
squageness in the second quadrant useful for permanent magnets. In Table 5,
for sanples Nos. 37-42fe-88isnadMo2 Pr as R veas used9.2sanpl esids. 48-50 were
based on 60 67Fe-12B-20Nd- 1M and sanples Nos. 51 and 52 based on -
67Fe- 12B- 20P1®1M  Sanple38-1he-0580, 42-47, 5%¥58 anld860-65 i #fl cate that
even,t he addisgi on of t ) 1 el enent s - ives od resu . I ncreased
i He gf sanpl (ajtsi Nos. 5 l;é;-a %Ng?@abl e 6 arel\édﬂe to ﬁ%gh Nd c%)éhfent S.

- However, the1effect of Fdweathid3Man i s apparerd fromesanpl es #8750, 53-55, 63
.and 64, respectively. Sanples No. 56 shows i Hc of 4.3 kGCe, which is higher
thah 2.8 kO '8f *16, afP&WANPCENNo. 59 shovk’ 6 i Hc!'& 7.3 k&P which is
hi gher than §gl1 kOe of g{h.1sfg-aiNus, the addjjion ofj,Mis effgmctive on both
. sanpl es. 15 EP 0 101 552 Bl As sanples Nos. 1 and 4, it is also possible
to obtain a BPgh coer cFe2B-SOIdOSANNI | e mai NntHI ni ng ®.0hi gh (B¥amax. The

i ﬁbﬁévfgi”és':;;:éﬁgi&ﬁgﬁmfﬁg%%ﬁﬂksﬂg%éea@z@; naddition to Fe B R and M

TABLE 5-1 No. Conposition in atom c percent i Hc (kCe)** Br.
(kG ** (M3e)** 10 1 Fe- 8B- 15Nd- | Ti .

9.0 _ __12.3 35.1 2 " Fe-8B- 15Nd- 1V 8.1
11. 5% 30.0 3 Fe- 8B- 15Nd- 5V ' ' 8.3 '
9.2 _ 15.5 15 4 _ Fe- 8B- 15Nd-.0. 5Nb - . 8.5

12.4 - 35.7 5 Fe- 8B- 15Nd-1 Nb : 9.1

11.9 0 32.9 20 ' 6 Fe- 8B- 15Nd- 5Nb

10. 260 10.5 -~ 25.9 .7 Fe- 8B- 15Nd- 0. 5Ta

9.0 11.7 ' 31.5 8 Fe- 8B- 15Nd- 1Ta 9.2
11.6 30.7 25 9 ' Fe- 8B- 15Nd- 0. 5Cr : - 9.5 '
11. 4 30.0 10 Fe-8B-1 5Nd-1 Cr 9.9

11. 35 29.9 30 11 Fe- 8B- 15Nd- 5Cr

10. 4 8.6 17.4

16




EZ . . Fe- 8B- 15Nd- 0. 5Mo

Fe- 8B- 15Nd- 1Wb
e- 8B- 15Nd- 5Mb
e- 8B- 15Nd- 0. 5W

Fe 8By 15Nd- 1Mh

Fe- 88 15Nd- 3Vh

Fe- 8B-1 5Nd- 0. 5Ni

Fe- 8B- 16Nd- 4Ni No.

Fe- 8B- 15Nd--6—5At

i Hc (KkOe) **.

Fe- 8B- 15Nd- 2Al 23
Fe- 8B- 15Nd- 5AI
Fe- 8B-1 5Nd- 0. 5ée
Fe- 8B- 15Nd- | Sn o
Fe- 8B- 15Nd- | Sb
Fe- 8B- #5Nd- | Bi 26
Fe- 17B- 15Nd- 3. 5Ti
Fe- 17B- 15Nd- | M7
Fe- 17B- 15Nd- 5Nbyg
Fe- 17B24l5Nd- 2Al

Fe- 178- 15Nd- 5AI29
Fe-17B- 15Nd- 1. 57r
Fe- 17B- 15Nd- 4z2r%0
Fe- 17B,,15Nd- 0. 54f
Fe- 17B- 15Nd- 4Hf
Fe- 17B- 15Nd- 6V 32
Fe- 8B- 15Pr - 3Al 33
Fe- 8B- J5Pr - 2Mb

Fe- 14B°15Pr - 2Zr34
Fe- 178- 15Pr - 1Hf - 1Al

G)**

35 36

37

38

- o

. 39

N\ 40

Fe=balance Fe.

50

60

 Fe-88-15N§41BD 1 1180

. Fe-17B-158d-}vo
12. 3

' Fe-17B-15§d—?Zr

(MR * * 5
Fe-8B-15N1i®,5Ge 11. 381
11.2 9.
Fe'88'1 5Ng-1 in 1 1 . 4.2
Fe-8B-15N44 S8 9. 0.5
10.5 9.1

Fe-17B-1 Sgdg.STi !

7. 895

.9
Fe-17B>1B§d-5Mo  43.1

9

8

7

7

6
_ 8.

Fe-17s-15%-2§| - 32.3

Fe-178-15Rd-BAl 8
13 7
Fe-17B-168d-1.52r 7
9

9

Fe-17B-15Nd-0.3Hf - 6.9s8.9
9.2 6.8
Fe-17B-15Nd-6V >15
Fe-8B-15Pr-3A1 9.6
Fe-8B-15Pr-2Mo 8.1
Fe-14B-15Pr-2Zr . 10.3
Fe-17B-15Pr-1Hf-1Al 9.2

45 **1 kOe—796 kA/m, 1 kG=10"" Tesla, 1 MGOe=7.96 kJ/m*®

17

: 58-9 _

_ 8.0 11.6 30.5 13
8.1 11.7 31.0 35 14
-9.9 9.2 18.9 15
9.4 11.8 32.9 40 _ 16
gsEP 0101 552 Bl 25.3 17
7.6 TABLE 5_%. 5 19.7 18
8.1 .8 . 29.5 4BHiRax
Composition in atoric percent llch xOe)** Br (kGE’G. 5 2AMGOe)**
9—3 120 3O 501

kCe=7956 kA/m 2 [err] TE%$B15NE-2x00=7. 96 "B Fe=bdfance Fe®%5 60 65 16

EP 0101 552 I%% TABLE 5plad BRLzRX No. Coypositiqp in atoygL percent
Br (k 21 '

11.329. 0 22253
19.2 23
885 3 1024
9.120. 1 25152 :
15.2 15 26
118 31.8 2718
0.8 28
%716.4 20°%%

g5l4. 4 30164
14. 3 25 ' 31
78 10.2 3M4
6.5 33
79}4 5 30'%%
65L7. 6 35102
14.6 35 - 36
84 12.8 3185 :
0.2 38
7%0 3 40'%%
8.610. 9 40176
10. 2 45** 1 kOe=79.6

kA/m 1 kG=10-'35Tesl a, 1 FrAXBetBNdgHf kJ/ B Fe=B&Fance P& 50 5569 65 17

74 12.8
9.8 20.2
9.8 20.3
6.9 1 0.9 '
6.8 10.2 |




EP .0101,552 Bl TABLE 5-3 (BH)max No. Conposition in atom c percent

cn'\l\loooo

iHc (kOe)** Br (kG ** . (I\/GOe)** 5 41 Fe- 15B-1 5Pr - 3Nb
10.1 6.9 10. Fe- 16B- 15Pr - 0. 5W 1Cr
10. 3 6.7 10. 2 4§P 0101 5§52 8 14Nd- 1A - 2w
10.0° 10.'7 . 24.7 10 44 TABLE 5_3Fe 6B- 16Nd- 1Mb- 0. 5Ta
8.6 10.5 23.7 45 Fe- 8B- 10Nd- 5Pr - 2Nb- 3\BHImax
11.6 ON4. Composnlé‘r()anatd_rﬁlc percent  iH4@kOe)** Br (kG)** (MGOe)**
Fe- 8B- 10ONd=5€Ce=0—"5Hf— 85 970 - T a7
Fo. 108 15Pr - 54d- 27y - FA(I6B-15Pr-3Nb 10.1  'Wi1g 7 63 15?01§48
Fe- 12B- 20Nd- 1A Fe-16B-16Pr-0.5W-1Cr 14. 1 1038.1 &7 1404 20 49
Fe- 12B- 20Nd- 1W , 14. 2 7.9 14.5 50
Fe- 12B- 20Nd- | MB Fe-8B-14Nd-1AI2W  13. Q 1008 2 107 14247 25 -
51. 1o Fe- 12B- 20Pr 4 7.0 11.2
52 Fe- féB-zoDrFeﬁé'%Nd‘M“”Ta ﬁ 1 105 g3 B 11.6 53
~ Fe- 8B- 20Nd- 0. 5b- 0. 5\a-33 \¥Nd-5Pr-2NB:3D 1167.3 94 11262 30 54
Fe- 8B- 20Nd- 1Ta- 0. 5Ti - 2V >15 7.4 11.7 55 |
Fe- 8B“20ONd- 1M#61Cr - 1 /&e-8B-10Nd-5Ce-0.5Hf-2Cr 857 0 80 109335 :
56 . Fe- 4B- 15Nd- -0 ' 4.3 10. 8 20. 7
| -ENGRIZr- . 15.1
57 Fe- 1¥3- 14“& 8@@"8"@%“" 9t 87 379 14.3 58
Fe- 17B- 13Nd- 0. Al - Ta=e-123-20Nd i 8.0 1418.2 81 14144 40 59
Fe- 8B2d. ONd- 5Ce- 2V 7.3 9.5 20.0 60 _-
Fe- 88- 10Nd- 5Tl Sn- 0.Fs\AZB-20Nd-1W 9.3 142g 4 78 154545 *» 1
kQe>79:6 kKA/m_1 kG= 1 M3Ce=7.96 .kJ/ n8 Fegpal ance fg. TABLE 5-4°
(BHymax 50 1|quBI&@orrposmlon in at g#nc per cent |Hc (kQGe)** Br
(kG *% (8vG0e) * *refi2B-20Pr-1Cr Fe- 8B- 1ONd- 5By.40. 5Ge-7IoAl 1.2 8.9
.3 15.2 62 Fe- 8B- 13Nd- 2Sm 0. 5Nb- 0. 5Ti 8.5
9 15524 55 @3-12B-20Pr-1Ric- gB- 25Nd- 1Vb-1413Ti 73 1815
1 11..0 64 v],v-o >15
- -8RB- X 5
1, 107 go FessaoNEoRBEaNY 02N L ge o >15
y 10543 ** IrdoBooM@i1te-osAt-on 1 [err>]15TesI a, 74 MEOe= 7198 [err]
Fe=bal ance Fe. 65 18 . EP 0101 552 Bl TABLE 6 (BH) rrax No Corrp05| tion
in atonmic perc®nt  ifaBBRUEIMRIEIA |G« >18( MEDe) *A0 10.9
Fe- 88- 15Nd : 12.1 5‘52 12
-15Nd-0.5Mg-0.5W 43 10. 20.7
Fe- 88" élLSPr 56 Fe4B15Nd°§M§ 11.0 = 5 3
Fe-17B- 15Nd 57 Fe-18B-14Nd-0/5@-0.5Nb 8.7 85 : 73.7 6 10143
. Fe:17B- 15Pr - 7.2 7.9 : 14.8 5
Fe- 12%-B 20Nd 58 Fe-178-13Ndrg54}-1Ta 8.5 80 835 1 ¢
Fe-1 %B- 25Nd. 13,8 6.8 99.-4 7 " 200
Fe-8B-10Nd 7.3 9. :
Fe- 8B- 1ONd- 5Ce> e G 9.8 ° 178
- 60 Fe-8B-10Nd-5Tb-1Sn-0.5W 93 8.4 15.7.
~ & ** 1 k0e=79.6 KAm, 1 kG=10"" Tesla, 1 MGOe=7.96 kJ/m?®
Fe=balance Fe.
TABLE 54 :
i . {(BH)Ymax -
50 No. Composition in atomic percent . iHc (kOe)** Br. (kG)** {MGOQe)**
. 61 " Fe-8B-10Nd-5Dy-0.5Ge-1Al 8.9 8.3 | 16.2
o 62 . Fe-88_-13Nd-2$m-0.5Nb-0.5Ti ' . .8.5 . 8.9 . 154
® 63 Fe-8B-25Nd-IMo-0.3TI - >15 7 110
‘64 Fe-8B-25Nd-1V-0.3Nb . >15 7.1 10.9
50 65 Fe-8B-25Pr-INi-0.3W >15 87 103

** 1 kOe=79.6 kA/m, 1 kG=10"" Tesla, 1 MGOe=7.96 kJ/m*® .
Fe=balance Fe.
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*8 Fe- 15Nd- 5Al <1 <1 <1 20 *9

Fe 1 5Pr-3W <1 <1 <1 *10

Fe- 15Pr - 2Nb <1 <1 <1 25 *11
| Fe- 15Pr - 2Cr <1 B <1 *12°
| Fe-19B- 5Nd- 2W < EP 0101 3%2 1 <1 *13

Fel19B- 5Nd- 3w <1 TABLE 6 <130 *1g,

- *

Eg: ggl_sééildej-S?ﬂAg Composition>i§éatomic percent:% iHc (kOe)** Br (<k§],1615 {MGOe)**
Fe-4B- 15Nd 4 Fe-8B-13NS 10.8 7.3 1218. 4 ** 32.k0e=79.6
KA/Vm~ 1 [err] Tesla, 1 M3e=7.96 [err] Fe=bal ance Fe. 40 Crystal grain
si ze (Fe-B-R M systen) Fet8Be¥Pzation in the ®perimt¥t al pro@BBures as
af orenenti oned was carrigd gyt for varied peggods ofgfine selggted in such
a manner that ¥he neasuréd average particle sizes of the powder ranges from
0.5 t'd 100 [erg], as neagat7edsmi th a sub-si eve-si zerzgmnuf actased by
Fisher. In this manner, various sanples havi ng t he conpositions as
specified in Tabl es 7 ant-¥BR@N& obt ai ned. 4% Cohpar at i védSiExanpl es: To
obtain a crystgl grain 'sj:egng%gN‘}OO [err] or ,ggeater,gd-he sintgped bodies
wer e 'fai nt ai ned for prolonged tinme in an argon atnosphere at a tenperature
| ower than theysintered respenNgtscee by [err]54Table 93 No. *11B. Fromthe
t hus prepared sanpl es having the conpositions as specified in Tables 7 and
8 were obtai nég rragnets,ﬁm?%ﬁ"%ére studi ed £& deter™ ne thei Flmagnetic
propewties and,the nean elysHhaly grain sizesThe 50, results_gre set forth
in Tables 7 and 8. The measurenents of the mean crystal grain size were
dorie substant+4@l |y in thee-ssPreNsranner as forkilthe Fe<B-R system
aforenentioned. I'n Table 7, the sanples nmarked * represent Conparative
Exanpdses. Nos*11*1-*4, *6Femfr2?8 «10 depart ffom the~5cope of <the
conposi tion of the magnetg gea@fAY Ny to the fresentinventions Nos. *5, *7,
*11 -and *12 hdve the nmean crystal grain size outside of the present '
‘{invention. 55#3 From NoFe-19849Nd8Yd *12, it <4 found<that Hc d&fops to less 1
kOe wigen the crystal grain size departs fromthe scope as defined in the
present inventlon. Sanpl é?‘%%i?ﬁ”r‘f&ifhe sanme Cdnposi tTbn as No§' 9 and 21
given in Tabl g B8 were stuydiggdsidiscdetail in y@spect of the relationship
between their nean crystal grain size D and Hc. The results are illustrated
in Fige 6, fromwhich it RegBfiBNchd t hat Hc ped@s wheno® is appBéximately in
a range of 3-10 [err], decreases st I when D is bel ow that range,
and drop%" M@ﬁ@se'f‘“ﬁ‘“mhéﬁ=t9 ? es%biﬁc’eq)%%tggggﬁ'ge. Even when the conposition
vari es vﬁ‘lﬂaﬁ"ﬁeh@scope as defined in the present invention, the
rel at imong L hehweenrdeMBaRmerystal grain size D and Hc is substantially
mai nt al ned. puMiiatiorid treakpsgintehtat prodadureseas Bforemganyoned wes eattipdeutionyaded priiodd ¢fgl e
AL E G SIS AT it SR E R o ides St ks
1%' EP:\g\’}rg‘l s gq:zz'lagi:ﬂt E‘ﬁs?eciﬁ&giﬁ 1§Bn¥§}7ajnd 8 were obtained. %%th ¢ I‘Opé’l‘% I €S
No. H\ﬁ%ﬁg&§£ E)Jaﬁ)lales: To oBfafhl dtrystal §raib sz& B9 100 WhiCor 6, The sintdPéd Holdiay Were
( BH) méX o5 fof prolonged tim8(@k-@n 200dd atmosphere at a tempddture lower than the sin@red
0 temperatﬁr@ by 520 (:ablggmgﬁ‘g_gm iti ifi d7in Tables 7 and 8 were ob]t'a(?rie%'
3.0 From the tus pgepared sarapies having the Copgesld gﬁ%’a\% $a

ot Ui

>15 magnets whictywere studied to determine their ma mean crystal grain si es.é‘ol'he [

: sp results are sgt forth in Tables 7 and 8. The measure rystal grain size w ne g
<1 substantiatydn the same manngrlas‘for the Fe-B-R Sifedr &ibreindMNibned. 140 .
<1l in Tabled, the samples markgd O répfesér Comparative7Expraplesy BlogPr1—*4, *6 and *8—*103, 5
0 deparf)from the scope of the cqpnpoTition of the magp gfo_gzrfmggaﬂgﬁprsﬁnt inventiorg Yos. *5, *7,

R ave the mean ¢ in size outside of the pres entign, H
. 55 " l?;dmmf)%‘? *11 and *12, it :séé?u?cpthat Hc dropsto less 1 kOe ?@Eéﬁﬁggﬁé ’Q'FL‘..?A% deparfs d
. " from the scope as defined intHe present invention. 1*9 _ 83Fe-"15Pr-2Nd !
33 Samples-Having the same c6chposition as Nos. 8 and 21 §i¥éh in Table 8 WadFudid-i3 Oidil BCr |
12.1 respect of tha relationship betwegdn their mean crystal grain sizetD and Hc. The resuits are illustrated in Fig.

6, from which it is found that Hc peaks when D is approximately in a range of 3—10 um, decreases steeply
when D is below that range, and drops moderately when D is above that range. Even when the composition

varies within the scope as defined in the present invention, the relationship between the mean crystal grain

size D and Hg is substantially maintained. This indicates that the Fe-B-R-M system magnets are the single
‘domain fine particle type magnets as in the case of the Fe-B-R system.




kG=10-1 Tesl«a21l MXOoare-dabshett:] Fe=babance Fe &) 60 65«21 EP. Q1101 552_ |

T

*11. 76Fe- 88- 15Nd- 1Mh 105 <1 3.2
<l *12 74Fe- 8B- 15Nd- 3Cr 0.3 <1 <1 _
<1 30 ** 1 kCe=79.6 kA/m 1 [err] Tesla, 1 M30e=7.96 [err] 35 40 45 50 55
60 65 20 EP 0101 552 Bl TABL regst al Magneti c
propelties No. CorrposM%q‘?\ &1m8§r§?nﬁglze D ([err]) iHc (kOe)**
Br (G ** (BH) max (M3Ce)** 5 1 FEABBEB715Nd- 1T| 5. |
9.0 . 6 36.5 2 ean crysl:? 8B- 15Nd- ot
9.0 ﬂi& 0 Composni%ﬁ 8 § in size D (urr?‘) ch (kOeF‘Q ag fé%ﬁf) @ﬁﬁnax (MGOe)**
7.8 5 4 e 8B- 15Nd-
10.2 *1 8.' GOFe-20Nd 11. 6 15 28. 005 0OFe- 8B- 15Ng- ZCr
4.8 - . 9.9 ' 11.2. 29. 61%'23 6 Fe- 8B- 15Nd 0.5M
5.6 2 g.4B%Fe32BASNg 5 o 7 33.1 B8 8B-15Nd'E Mo
4.9 1w 8. 3 48re-17B-35Ndl 1. 7 4 30. 8120 148 <« |
Fe- 8B- 15Nd- 5|Vb 8.5 _ 8.8 9.0 17.5 9
Fe- 8B- 15Nd- 1¢ 73Fe-10BG7I81 . 0.4 9.6 <1 1259 <1 33.6 10
Fe- 8B- 15Nd- 1N o 6. 9.6 12. 35.3 25
11 s Fe-8B 15|\.|d-8iF|\9FFB_"3N§ g'42 <1 8.0 83 10 °

25.3 12 »g Fe- 8BaaNda M 3520.2 o 6. 8. o 10.2

§ 18.4 30 13 Fe- 8B- 15Nd- 2Ni 12.0 ' 7.3
11. 4 Coo *7 22,7 74Be-11B-7Sm-8Pre- 88- 85Nd- 1Al <1 948 <1 9.9
11.2 w 29.0 ' e- 8B- 0. SGe : 4.6 . 8.1
11.3 8 25.37%’%"3?%'5"‘“"2‘!‘:’ 8%&?5’\“ | sn< <16.4 !
142 *8 8  83Fe-15Pr-2ng0. 1 17 33 Fe- 8B<1'L5Nd- 1Sk <17.7
10.5 .1 15.2 40 18 Fe- 88- 15Nd- 1Bi
5.1 25 *10 11. O 51Fe-68-35Nd-3Cr3 12.1 31. 8<19 <1Fe- 14B- 15Wd- 2Zr
8.9 . 10. 8 2 : - 16.3_20 e- 14B- 15Nd- 4Hf
9.5 1 qq, 4 76Fe8B-15Nd-IMG 105 13. 3° ﬁ5 *% kég 79.6 kA'm 1

Bl TABLE 8-2 Magnetic pr gertl es Mean crystal

( BH) ma® 5** 1 kOe=J9.6 kA/m, 1 k

(kQe) **

35

40

50

&0

65

Wb teslet 1 4#50e=7.96 kdfmdi n size D ([err]) |Hc
(kG)** (m)**
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wr .

21 . Fe-8B-1 5Nd- 5A1 4.4 11.2 9.3

20.0 22 Fe- 15B- 15Pr - 3Nb 2.2 10.1 7.4

11.6 10 23 Fe- 10B- 14Nd- 1Al - 2W 6.5 10. 8 10. 6

24. 4 24 Fe- 88- 10ONd- 5Pr - 2Nb- 2Ge 7.1 _ 11.2 9.6

21. 65 25 Fe- 8B- 20Nd- 1 EP 0\1901G52 B1 4.4 >15

7.1~ 10.8 26 Fe- 8B- 20Nd- lTTI%-L}iE[f 1w 5.9 >15

7.0 11.3 27 Fe- 8B-1 ONd- 5Ho-"1Al - | Nb 8.5 13.3

9.2 20.2 20 28 Fe- 8BaekRrysthili - | Mn Magnetic propdities 14.0

6.8 No.9. 8 29CompokitieB B- 2 gfsth- 4ietD (udy) iHc (kOe)** By (BG)** (BH)max (MEQe)** .

6.6 s - 9—2—25 36 Fe—t7B—15Pr=1Ng- 1V . 7.

9.6 710  Fe8BSNGTY 31 B 108 13Nd%PDy-1La'28 0 #5

7.4 10.2  rogsidfafy32  FersdB- 10Nd- 5B 1Sn- 0464 6268 -

7.2 9.4 18.2 30 33 Fe-9B- 16Nd- | Ce : 13.7 o
6.8 1 9.4 Fe-8B-158&28b ** 1 k@B=79.6 KA/ %4 1 [eril? Tesl a, I0-M30O=7.96 o

[err] Fe=bal ance Fe. 35 Fromthe rgq?zul ts gi ven in Tab_lneésn 7 and % nd Fig.
6, it is apphrent BB ONFN G der 8% the Fe- B°R M systein magnet 1o possess r:
Br of about 4 kG of.daaefaberrite orggrore and g of noidess thanads kCe, the
conpogi tion comes within the rangé as defined in the present -enbodi nent and
the nean cryetal gFetiBris8i26Mps 1-9Ggderr], and4 hat, 10 order t&bbtain Hc
-lof no less than 4 kCe, the nmean crystal grain_jze sh d be in range of

40 2-40 [err]. TheFﬁ‘?ﬂéﬂ*&M?ves sho4\si\3t1' in Fig. ?%IS for ?'e magnet |3§%t_i on and
demagget i zat jon WegSeoRhaagd basedon the neaw crystadograin shze of 5-10
[egr]. The Fe-B-R-M system magnetic materials and pernmanent nagnets have -
basi cal | y t he sameFeaBySNeiWst ruct ur@3 as the F&6B-R sydttm as shédh in Table
4, Nos. 13-21, and rmt bstantiglly the s; 45 | rities in the
case 5f the '#e- B- ﬁ%@é{%ﬁi@gee TabI(’ZA 10). FOr%ﬁe purg%ge of cogrr%%'rison, ,
Tabl €79 showys the pagdRNaamand physdxal propersia es of 16.b6e typi cas.saexanpl e
according to the present invention and the prior art permanent nagnets.
Accor di ngl y,12t he pFesfetiNdilMpent i on2%# ovi des CHFree, A2 pase i né?cgensi ve
al I oys, magnetic terjals having b gh nmagnetic, propenijes, andj,gintered,
magnef’ ¢ ani’ otrop %‘%Jesﬁlﬁ%'r\f'ent nagrt'.llie' s havi ng7(F:izl gh 501¥r'emanence, ?ﬂ gh
coercive fonge, highsgetsmiagu producte.eand hi gh rechani cai.2zstrengt R90and t hus
present a technical breakthrough. It should be understood that the present

i nvention i 95not | FedB-tNd0FGehe di stf osure of &he expdifnents ef&fpl es and

'errbod?5nents1 erei nfggoé){sgﬁqg;‘l oned a(pﬂ any nodjfj cationggapparentghn the art

may be done-Withou eparting fromthe concept and Clalns as set forth
her ei nbel ow.1755 60r&88-#Rid-1SbEP 01017.652 Bl [esfa§  EP9.0 101 552581 TABLE
10 i Hc (kQCe)** Br (kG** (BH)ymax_(M3Xe)** 5 . Fe- 8B- 15Nd- 2Cu
2.6 4« . 189 2 Fe8BI5Nd-1Big Fe-%g- 15Nd- 1s'0 - 118 é‘."g
7.1 11. 0 Ee; 8B 15Nd- 1C ; g 6.6 g 1%ked -
7309 10 Fe. g8 15ng Ei s % 93 ™ T % 25. 8

20 Fe-14B-15Nd-4Hf .95 11.4 7 13.3

**1 kOe=79.6 kA/m 1 kG=10"" Tesla -
1 MGOe=7.96 kJ/m? '
Fe=balance Fe

50
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. to 80 pno

" Fe-8B- 15Nd- 5My 7.8 ' 11.5 22.6 15

' Fe- 88- 15Nd- 5Si 6.8 10. 6 25. 2
Fe- 8B- 15Nd- 0. 70 8,0 11.6 30. 1

Fe- 8 -15Nd-1.5P | BP 0 101 552 BY 4 19.7 20

Fe- §B;15Nd- 2W 2y . 8.5 TaBLE 82 10.8 21.8

" Fe-8B- 15Nd-1 Nb-1Cu 5.5 10. 9 ~16.7 25 ** 1

kGe=79.6 kA/m 1 kG=10-1 Tesla, 1 M30e=7.96 kJ/ nB Fe=peliapoperfes Preferred
enbodi rgents of the invention are n¥eendestali bed i n_condensed Iag lmfe
magneti’c mat\&ial cAPRPCEINY Fe, IBIMsiEe RIRer donkpelfs A (kGia%Lt (MERear e

earth el emensq | Nl yglhsigh sy 30 and 1n Whi ch a maj,Qn phaseg4s formgg,of at
| east one internetalli-c conpound of the Fe-B-R type having a crystal

~structure of2z he Fs-mmtsansmal I y tetragemaal systemn.i2. A simtered magnetic

materi 8 having a rraq phase fornmed of at least one intermetallic conpound
consi sting eSsentPATPNITARY atomic PArcent, 8-'98 percd® R whePdfn Ris

at | east oneyf r,:@_§§1@@rgp|;12,@g%gent i nghuding Y, 12,28 perggent B apd,the
bal ance being Fe with inpurities. 35 3. A sintered nagnetic nmaterial

havi ng?%a maj 2 plie8@20Nsk1TetNtefCrat | eas# one i ntasnetal | iz corrpounniaof t he

substantially tetragonal stem and conS| sting essentially of, at om c.
per cent, 3%5 pefﬁ'ﬁ%? Ng-1T; ﬁ%ﬂfﬁé’\’n R i s>t Ieastgaﬁe rare darth el éﬁ%

i ncl udi ng* Y 272~ 2%-9@-’1@@%03@% the bgkance beingzFe witdyinpurithes. 4. A
sinterad ani sotropic pernmanent magnet consisting essentially of, by atomc
percent, 8-38B pefedB20PA0TIRMAherein R B8 at | eastl48ne rar&s earth ed.gment- .
|h€4ud|ngY 2-2 t B_and the balance beln Fevmthlrrpurltles 5. A
sintered anr%sotr%f)gi %@jmgﬁt magnet *Ravi ng a 8j or phd® forned®df at

| east @ne i ndger met-g4d-ispr-p@yound of thg Fe-B-R tyge haviyg a cryss.al
structure of the substantially tetragonal system and consisting

8 cssentiall y ¥f, [fe-1eR-1NdEDpélacent 8- 388percent R7#herei MR i s at 2i.2ast one

rare earth e LN 4 Y, 2-28 percent B_and the bal ance bei ng Fe
with |55pur|t4 es. % ss-i%%ﬁg%c terlgs as definéd in erbdi nent '#2or 3, in
whi ch the sufst apt-bghdna-icgt r agonal syigyem anount ggt o no d.£ss thargp0 vol.
% 7. A permanent magnet as defined in enbodinent 5, in which the

subst ant |*él1l e=23.6 bjon Al kGsyeT deslarto¥RPs7- 80k’ | ess than 50 vol % 50 8.
A per n%n ERT e AREM ER- as defined i.n embodi ment 7, which contains no |ess than

1 vol of ven i £ I a n ovder fo net
as. def nm;g‘é;”é%%g Sk ST Bl PP AIRGE e O HEEEBSSHL 0"
withinig raﬁgtewefmanyinmie pae‘serdefnbmdemranembadaﬁmmar SrainisRe ishi-eiuhhe

nmean cr yslncaihafgmazrw & ohtain He Of riodesd ChaB 3 kPerthq meanicrysyyl p@mrmﬁ e*mulMQm eranggof

1 e 'ngﬁenrmn%gﬁmf‘ép;%?“iéf?f%maﬂﬁraﬂﬂanﬂ FtioRief e sdetedhetfiy o

S 4- 24% &eh mdﬁﬁé}ﬂ@ﬁate?ﬁls(iﬂé ipBrefné IR halR Hasidhitp kheTsamb Rryddai Ch,
| i ghktrucasre a€ ehetHe-BeRt eysmni {sSshoanruilse 8,0Nd3013-eXs andngenmb Guisstanfialigfthd betne

overal 1 irepusitiesnest in the eﬂ%m‘@eF&-%msvstem fsge Tableyd@anent nagnet as defined in. -
enbodi nent m@?"“e ‘?‘I"Rfr)ﬁ? erWé"sg[hﬁaB'f 'F? hhg "F9r9" Wﬂﬂtpgyst"ﬁ' H"r?geftﬁé’f thR&Pi8h at
i GS He)

exa rﬁsen inventl rior, a ermanent magn

% of 't he “CViail f,‘;{f,’aﬁsp.eeg S, ek oG 1Rbgratk Alskidied
i N enbodnawiy higkd magnetié prdpbrtivd) laﬁchsrRerleB roﬁﬂ ﬁeraah&lt &h@ s Bddinglfigh A
per nan-‘@ntremmgmvex hlgtscosiefvre iarck, high emnmdmrnm anﬂ ragh GechamcaMstrauhtht e tmsmrmm a

ener gy pFﬁSE{u 6‘}@ S esess th n'sz(éﬁﬁ C}V[pel)r EP 0101
o B T gggﬁm i e e Y
MBXi MUM. QBRF Fithddf @ fEBX:on'ucS t'éhd cﬁ?ﬁ&sfa é‘rEu'hiLer

per mangnt magnet as de ined in e od| ment - 12 in which the maximum ener.gy
product (BHymax is no less than 80 [err] (10 M3e). 5 19. A pernanent .
magnet as defined in enbodiment 18, in which the maxi num ener gy pr oduct
(BHymax is no less than 160 [err] (20 M3Ce).
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20. A permanent nmagnet as- defined
energy product (BHynmax is no |less t
magnet as defined in enbodi ment 20,
(BHmax is no less than 280 [e

o
i
in the anmounts of no nore than the
nore than one el enment conprises M
val ue anong the val ues specifli ed bé
and 15 the anount of Mis nor
fornmed of at |east one inter

8.0% Ni ,
Cr, _
Sb, 7.0% Ce, _ 3..5% Sn, |.
magnetic material having a B
conmpound 25 consisting esseft}
wherein Ris at |least one rér
at | east -one additional eleffe
t he anounts of no nore thangt
than one el ement conprises gﬂ
val ue anong the val ues spec#tf

5.0% Bi,
9. 5% Mo,

9.

C(g:lgri ses Fe, B and R wherein %Fsﬁgfofgggq;ﬁ
nct'uding Y, and at | east one el ene

V. 8. 0% M,

n enbodi ment 19, in which the maxi num
han 240 [err] (30 M3e). 21. A permanent
in which the maxi nrum energy product 10
2. A magnetic material which
e rare earth el enent
nt Mselected fromthe group given béel ow
val ues specified bel ow, wherei n when
the sumof Mis no nore than the maxi nmum
| ow of said elements M actually added
zero, and in which a major phase.is
cqconpound & the Fe-B-R type having a
Iy tetragonal system 4.5%Ti, - .
12. 5% Nb, 10.5% Ta, 8.5%

_ 9.5% Al , 2. 5%

5.5% Zr, and 5.5% Hf. 23. A sintered.
Be f@ned & at least one internetalli.c
of, by atonic percent, 8-30 percent R
h el enent including Y, 2-28 percent B,
el ected fromthe group given belowin
ues specified bel ow wherein when nore
ugofu-lvlis o nore than the maxi num
| 3w of° sai d el enents M actually added .
ro

and the anount of Mis nore t
inpurities: 30 4.5%Ti, :
12. 5% Nb, 10.5% Ta, 8.
Vh, ' 9.5% Al , o

3. 5% Sn, 5.5% Zr, and
havi ng a maj or phase forned of «a®?
substantially tetragonal system an
percent, 8-30 percent R.40 whereid
including Y. 2-28 percemt B, at3gd
fromthe group given beliow i
speci fied bel ow wher ei n€wher
Mis no nore than the maxi mj
sai d el enents M actual |y add
t he bal ance being Fe with jnpuritie
5.0%Bi, 9.5%V, 12.(5% Nbi_
Mo, 9.5% W 8.0% M,
7. 0% GCe, 3.5% Sn, &
ani sotropi ¢ permanent magnet
8<30 percent R wherein R Bg
2-28 percent B, at |east oRfd
group given belowin the a
bel ow, wherein the anount. of| M
lel ement conmprises M the sum of
t he val ues specified bel ow 0
bal ance being Fe with inpuri
8.0% Ni , . 5.0%8Bi,

Cr, - .. .9.5% M, -
Sh, 7.0% Ge,
5.5% Hf . 25
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3. 5% Sn

n ghesq

N

and t he bal ance being Fe with
5.0%Bi, 9.5%V,

9. 5% M, 9.5% W 8.0%
be 35 - _ 7. 0% Ge,
fr~ 24« A sigtered nagneti.c nateri al
east one internmetallic conpound of the
d consisting essentially of, by atomc
R is at |east orle' rare earth el enent
st one additionag el enment M sel ected
mgunt & of n& nor2 than the val ues
h@n ome el efent §onprises M the sum of
anong the val uép specified bel ow of
t he anount of M&s nore than zero, and
s 45 4.5%Ti, & 8.0% N ,

© 10.5% Ta,-8.5% Cr,
9. 5% A, o & 2.5% Sb, 50
8% Z5 and®5. 5% Hf. 25. A sintered
f i ng essentiall 'J_'of, by atom c perceént,
5t one rare eartd el ement including Y.
ppal 55 el epent sel ected fromthe
80 nmase thah the val ues specified
bt zero and wher&in when nore than one
5 no nore than tHe maxi num val ue anong.
| enents M actu Imy added, . and the
Do - - ad 4.5%Ti,

2 o~ <
s 2. 5%MNb, 10. 5% Ta, 8.5%
9.5% Al , 2.5%

9. 5%

8. 0% M, -
5.5% Zr, ‘and '
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"EP 0101 552 Bl 26. A sintered ani sotropi ¢ pernmanent magnet having a maj or

phase fornmed of at |east one internetallic conmpound of the Fe-B-R type
having a crystal structure of E?eﬂstw ?%?eﬂ |y tetragonal system and
consisting essentially of, ‘E 8-30 percent R wherein Ris
at Least one rare earth el errent I nclsadLBgoyY, 2-28 percent B, at |east one

addi tional element Mselected fromthe group %i ven bel ow in the 5 ampunts
no more than the val ues specified HHE 888" Wher®i KO heBHIRFIAMEBE M i s not

- zero gnd wher ei g, dahi8Rq.B8) € than one elgment conmphises M ghe sumof Mis no

nore than the maxi mum val ue anong the val ues specified bel ow of said .
el enents M act ueetdBy1stidii®d, and the baléance bei ngi1Fe withapurities: 4.5%

Ti, 8. 0% N 5.0%Bi, 10 9.5%V,
12. 5%,Nb, Fe-8p58d1Ga, 8. 5% r, ©8 9. 3% no, 219 9 500 W 8.0%
M, 9. 5%efliongsca 2. 5% Sb, 9B 0% Ge, 114 32540 Sn,

- 5.5%Zr, and 5.5% Hf. 15 27. A magnetic material as defined in enbodi nent

22 or 24, in whedB-16N&5Mabst anti al | y 7é&tragonall1.8ystem a@énts to no | ess
than 50 vol % 28 . A .manent magnet s defin i n enbodipent 26, in which
t he _s’ﬁbstantiaI'TeS?Bﬂé'E‘E'g%onal system a unts toqﬂg | ess tH&A 50 vol % 20
29. A permanentr[g308R4-026 defined in ggbodi menty,48, whichggontains no |ess
than 1 vol % of nonnegnetic intermetallic conmpound phases. 30. A permanent
nmagnet as-def i nfeeBBiANeABDdI ment 25 or1086, in whddh the n¥&A crystal grain
size¥s 1 to 90 [ rr &Jz A per manent nagnet 5 defined |n enbodi nent 20,
in which the rre 1?&’%? rain size P9 2 to 43 85 pm 3218 per manent

het as defi r@chgugNg.lmmhment 25 or 536, in wWhpeh Ris hgzto 24% and Bis
3 to 27% -33. A pernmanent nmagnet as defined in enbodinment 32, in which Ris

S 12 t 52093 kQad7IS kAIMA1 k§=D20T8 Te) 1 MGQeerif8ridim® nagnet as defi ned in

enbodi nEfitPagcesfe- 29, in which the light rare earth el enent(s) anounts to no

- less th%feﬁgd %Fnbo/&u(?lra fiﬂ £ 1Y Wemicln réﬁaﬁw%gélbetﬁne&ﬁ §eoRan e: 35. A

per manent yAgHAGhetid atefibiichRptising F6, R WABlein®ds atiidastdhie &Fs da selsruentm‘cnumelg pl us
Pr amouaidintwhich @ nhafs phish safornied af atdeast onk ireergielliakdmpoandofaisy fekB-R hypaBaving aR.

36. A eflvwrﬁé'ﬁ?tumgjﬁ@q S@s;at@@fi;‘ mreggnn' yaemdi nent 34 or 3eS i n whi %h 5rlds

[¥]
about 15(ys1s§bg essenti lyo Mx m:c% e?gwt; Bg-‘;ggerﬂ;ﬁnﬁ é wﬁerem@ﬁ&l P?%T%g%jhm‘;ment
embodi NMeffugi ercaht Winaind ﬁaﬁl@ HY Eb SR i8hY
| ess &han KR sin%Fd’d m£4edvm&)nal ving Amaarme&heaamassta@.ﬁieﬁmemd cbripound of
enbodi nthetsuBantiplly tetnagohal tshetermeand monsistme esgyntipihyoofLiby atpiBid) perpcentt 8—BMpdreess Rt han
56 [err QUW'"IRBEEB'%SBQ"S rareFaRthelpaet insiginet’. Zrs2&Rrerdenidtiandrithebairnge being Feagth | n

L L O Sl b i e T

t he maxingumiener gy product Hmax is no less than 160 [err]
A per manerf: Asatpnast anastrqwfnememtrmaend:bdqlmmamo)haseriommd ofnt tehst onealmennmalmer gy

R e

is no | essg thlchth ubsﬁﬁ\tlalylt& S BYsles ng
Fe- B- R elhaura<teenio ety 5000t 8.ni ng at | east one stable conpoung of the

ternary Fe. me Bt mm\et:#ﬁ d,e@nepbu nd'beca'ne'né inegrient the e@PStaoﬂméesmoral petemanent

etc
conmpound hRA parmiafésdit ag@:ibass detinddGd élﬁtﬁ)dm*]@h& atls) IQWhﬁfl the hﬁhmr&tam/g@rn%tza istiliesd err]
axi.s of utnhe tetragonal structure is about 1,2 nm (12 A). 55 4. The

' ar &oky f
gg??ﬁt ehs{é:ip ronanen ma netmifp?ﬁ lse ﬁ}i‘h%ﬁdwm?tn qn?al o ats tlh vga do{are

‘al | oy.. of __c1%f permapgnt Daghed pedsfingdjp embediment ;i ig which theanes crvaigloamein sizeip @t e is

- about®® ug! e a
Char act o oA Rl A e o b0 N B S MRt o

The al | oy 13f A @ana@iént infsgnddrae a€rih ecngl é&ibﬁdlﬁﬁnmwa’lg wWHighS tha llightwhre karh sEraghtgr ai n
si ze of amo rutrtO] nq tgsBhaf éﬁla} % gt thlowerall t eamh addreentn ® havi ng crystals with a

mean @r ai n "BF9"2 35 dofine + in whicg thesim ofNd glys Bramepats g no; he
pr eced % S it }s@fj\jd&iih ﬂF Rore 4 dea T GHENA & BORUES, dnQ 6PatlofiSS

16 A permanent magnet as defined in embodiment 4 or 5, in whtch the maximum energy product
65 (BH)max is no less than 32 kJ/m® (4 MGOe).
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5]0 at %of the overall rare earth elenents R 9. The alloy of claim3$8
erein Nd and/or Pr anpbunts to no |less than 50 at % of the overall R 10.

ihe all oy of one of the preceding clains furt her conprising additional

3| enents M evident fromthe bel ogﬁl ' sﬁ § gyounts of these el enents bei.ng
nespe tlvely Ilmted to no nore an %e val ues specified 65 hereinbel ow by
tom c peé t 26"“3"9 P‘a@mﬁlaSQGQneslm-embod"r@@ 11Alrswm:|eﬂednaqimmtenerp~y @roduct

er manent ngem med ,g[ | east one internetallic
onpound (glf..),ﬁahes Vi DIGBeL rby%fnﬁ? #’IMFEH ® SN E0HeY 8Reke | y

tlet ragenal sy sA eemaﬁeht eumgsétsdsldagneessembba}nbat 1 in WiicAtHRTh&dir&h CRE pl%dv?’é?
er cent FQBWn@Ke?r nO RS$ §1aat160 d;-umf (aﬁrMGCDeire earth el ement including

er cent I?( ? 'elemhwmem @e[rewble*dthhrfmnmmegergwprogmaen
elow in FW aa's gmgﬁj % ﬁ‘i 1>tHe yal speci fied bel ow wherein the
nount 1d)f(BMHa§ .@Q& |e§gr§|-gn @\5‘ Wﬁ? € t KPS e APRITRHR eRBHHPIOLRE M
he sum of 2a. |ASma‘ghefmnheteiién&1mchhanW$ F8) 8 ana IRUGheAiR G dt MRtk WSS oBEGLLdRED
el ow of ingidihgey, emamlesstl\ﬂnaelpmaﬁtstedaadtdeed'pmamjgrb-hegam balowen thelamgurteofiotniore
O T ey e s ol A,
9. 5A)V15 the amount o ot leac SRR o
9. 5% W &oRfodlMa, of the Fe-gR &mﬁng ::rystgl strucﬂ?’orgwa rﬁ% szﬁﬁ)f f%tlre ags;noarl]es":terr:!ngtalgg/
$n, - 5.5% Zr, and 0/ rragnetl terl a efined in
¢nbodi nent 22 or 24, in V\/rglsejwt he sub @ﬁth]bally tguﬂ%nal system anmount s
to no Less than 50 voI % 83% C/A per mangsyt Megnet ays;,wl ‘i ned in enbodi nent
26, in" whi ch the subst ant 844 g‘n,t et ragosh Adystem amxsghs to no | ess than: 50
sl % 20 - 29. A pernmm gnet a%5°/dé5m ned i rf-88nBudndrent 28, which.
_ ont a| ns no Iess than 1 voI""% of nonmagnetic internetallic conpound phases.
3 %) ; § fae??:h@dmsﬁnemaeﬁsmﬁme@e‘ ab'pasme mtprmnrailshommwrean
ryst g‘fgjﬁ& 25 v\%iﬂe Q% as gfﬂda.—o% eleﬂrrg:étamﬁgec ed fro ?nea[greﬁ el the
Ermbodi M Ndmedts Bk viHertldlvih Elrﬁ
- B2. A pertlmﬂembf M&gﬁ&ﬁor&i&ad&nfeInﬁeﬁwuma&ﬁbﬁﬂhmgbal% sﬁécnﬁ%@belb\ﬂo
- 10 24% cactyaly pdded apd tiR7aypouBGef M iparorrathemteroreapdeate bglarde bing de wmembmdneﬁent
B2, in®which Ris 12 to 20‘V dBis 4 o 24% 34 A per manent nagnet as
Jefl ned i n enbodi nent 28 (y‘s an in Whlé: A’t ‘e Ilgh go;a@é earth el enent (s)
hnounts to no | ess than SQsagc%of t heg.&y gl | rar dth el ements R 30
‘B5. A pernanent nagnet as sied Maed in emwmlrrent 3425% ISbV\:hI ch the sum of Nd
bl us R anounts to no | esd-%hfn 50 at 38%fSnt he over&® Erraade earth el enents
R 36. A permanent nagnet 2% Hefined i n embodi ment 34 or 35, ‘in which Ris
pbout 15%  anq Rrdrsy ARMEEC BxBriaPraving'a HEH
enbodi mendf thiSsubstantiglly tgbbgag\dﬁul Gﬁté‘rﬂ?enﬁwaﬁgﬁoﬂ%&egi%igﬂyo gbtt'e : nq ér K compoun&lo
ess tharwiBRikiisaBedstonelBde parth3Bmert imphrding Yent-2aRaes, aseastehe ﬁ’tﬁﬁilohil element M
errbodi nerﬁF"%SEd from ﬂmﬂzg’z ;!:ﬁ bml"mﬂwets ngmorgilan i 'é ﬁ@mweplﬁeqﬂtgldme@@r?ﬁan
h6 [err] Mgé% h? N 10f MANBYH VaKA eMI the
Wki’ch th %hﬁgg mdez\@wﬁfsab @Eﬁa Wﬁl‘-ﬁﬂ% sa'hoéq auin ¢f 'sgt?”[t@?'}’je'%i'ﬁ’ the
MCe) . 4540 : A per manent nagnet as defl ned in embodi nent 39, in which”
t he maxi mum energy product4 H)rrax S WNBSS tharso%e. [err] (20 M3e). 41.
A permanent nmagnet as def| Vin enmbo |H’5\76h"'eh t he maxi num energy -
product (BH)max is no Ies%o%%,n 240 [ gw °30 I\/GO%S,,/ . A permanent. magnet
as defjned in enbodi nent 4be Gg Whi ch d¥e sBXi rrumse,@gag,g)én@roduct 45 ( BH) max
Y‘s no I'ess than 280 [err] 5E%HM30e). C aims 50 1. An alloy conprising

Fe- B-R character.i zed b cont ai ni ng at- | east one stable corrpound of the

ernary. F cgt Fg R?? |s teas on reea o Yok voee'awsneeverpfeﬁ-r%
ma-gnetssatel nfeﬁ{ hR wilvo e &ﬁlo%&fgﬁﬁgﬁ a‘g Ilr %%t:s specg‘lrla re

earth el ama whé}&h tl'&laﬁﬁur)tto'f Ml i$/f8t zero and wherein when more than one element comprises M, the
sum of M is no more than the maximum value among the values specified below of said elements M
actually added, and the balance being Fe with impurities:

0 . 45% Ti, 8.0% Ni, 5.0% Bi,

9.5% V, 12.5% Nb, 10.5% Ta,
85% Cr, . 9.5% Mo, 9.5% W,
8.0% Mn, 9.5% Al, 2.5% Sb,
. 7.0% Ge, 3.5% Sn, 5.5% Zr, and
- 5.5% Hf.
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2. The alloy of claim1l wherein said conmpound has a tetragonal structure. 3
The alloy of claim2 wherein the [err] axis of the tetragonal structure is

about 1,2 nm (12 A). 55 4. The alloy of claim2 or 3 wherein the [err]

axi s f the tetragonal structEPeO'tOhlsszBl8 nm(8 A). 5. The alloy of one '
of IQ-’Q prZ%CEclirllte%@(:I i&TE ?Ib é:rrqarar‘\%n ﬁﬁ%\%né’ ajorpha OI netd%fé-t)ieas]t nemten{;;al{l:l

pr ef er @rm'n%u lﬁe-ﬁ‘ ing stt¥ctdt o@@f?e bst% )p &caJa fe

havi ngcdnkigtidgadssentidify b ffby %&i’b @mhtns-ssoz;ﬁrce ht Rlwihedin R |stzﬂle8§ oh&Fard earth.clekat al | oy
of cl ainptudindn¥\2i—+2§ percgns Badt astivbdadditionhelergera Mselr@efrah thd gfaap given loelal@inftier r | .

5§ argouniype ragre né\ﬁvah%s spgcifief) el é’ﬂ“é'ﬁ?l“ﬁ mef Mipeotesrp andishargighen ar e
PR e e S L TS R R
el enent’s r’r¥§ erein d? r-anpunts to no | ess
than 50 at % of the oveua%IT.R 10. Bl mi, | oy of 5,w.es.pf t he preceding cl ai ns
furtfaer conprising addi ssaanal el enendic¥ Nb.evi derms%rtam the below list, the
anounts of these el eneng 1ng res (ftWer | to no nore than the
val.ues speC|f|ed 65 her ,ﬁ (Jow by rg: perce % EP 0 101 552 B1 .

and

4.5% Ti, 8. 09 0Nl55% Hf. . 12. 5% Nb,
10. 586 Ta, 8.5% Cr, 9. 5% Mo, : 95%W 8. 0% Mh 9. 5%
Al , 27. AanQ%t@bnat@xal as defined in embodiment 22 or 24, iR vomth@e substantlally teBragitalSn,

5. 5% Zf"‘/St ‘3}"’5%°|-ﬂ° t he total
amoun 8'95 T e Bttt bt PR e ket s YRR O b b ot o <

per ent 8t fsod’ef‘ Réd 8l eRibBUIHNARY IWA@h FoMEIRN n& le¥S trdh 10/oRbdofSi Z€
of QBorpriagnarceﬁtemﬁadnyz cdmpburldephiages. 12. An al l oy as defined i.n one of the -
p ret ed| ng300A edrmenentrogoetas Refingd mMBmbodivgrt 3ior36, ig wBichthe wanlqsvstam rpingigeis $toof

pr epar Ph allo accord e of e di n Dby nmelti and
Db S CR e BRSBTS %sRhent A5rBA R Tt Al SRl SR L B e
for at I QQSA peRMBnehfrh ynBicdk LiEFin8d MBS dirh &K R816H28,Gn Whibi A M Bnsh, fAg s BRlemoe bei ng
i ron. 15 33. A pdrmanére et @s Sefinéd inlemibadithént\@R.cn @ihith 8Js 140 20%asarid Big 4rtel4%. al s
iron, a f¥rAotoepsnt may ag dofingg in Arjbgdiment éﬁmaﬁ 'eMsmbmedlgbtrrere@sré'delern@t(srrhe
pr chsgm nt; ba rm‘}gfﬁ_ thal?ne itd gg%f e@;llgrﬁleren m eﬁ\ ;r)II sZ T 18 oTnhe
P 0CES fflraf sala S B e G i Ep ey R by GTERR®
Use of thes. &b ra.yﬁenohameastﬁeﬂeddad éboliiniet 542orf39rn hﬁibml.sap@hneﬁ dn@ Brﬁa@aett l c
recor dB%g medi a, as 20 magnet ic paints, tenperature-sensitive materials and
inter m; Hr A esmwamm raen Fmﬁmﬂ' ﬁmbcfd"pw RRPrEA§t in wlligh degnaxingum gpengyrRTedyeint

t

magne G B ! r rth
el erren(mq),hgpi qd" éz t a} r@% enéo(a meth ﬁg '{QWhm tﬁ%%sa’?{nﬁm)&gf?ﬁ}rg%ﬁ%f R,
2 to 28 ads. Hopetmdnenntlagrdead fﬁ&ﬁﬁi Eﬁbodﬂu&nt 83, DR WK @R maBaDRt endily Prbdilkt Of
claim mi)romprnoslaagha_rQSQZ@/rai (19oMGQend 4-24 at % B. 25 20. The permanent
magrfét Fdr_%’eh r&rmeﬂen 'I“% é‘gﬁfg }éégﬁ%ﬁ“%‘bﬁ? - dp r‘fé"chﬁ'f'%m?ﬁa?ﬁmw%%fpf%f’"ﬁhase
cont ai GURP
s&(uct ;.@ma,z sé(a@ ,Ar?gt eri g?lwfdm}( V\hel‘ el%garl"ﬁ ct[ ERR]
s of tdzeAtmivmagammhgrﬁt Bl ddfinede inl @mizlddneint 41, An Reiiich JtEe A)axnmﬂ& enbhyy gredusanent
" magrret (Brdmay isaio lefs thamRen KRIn°0ES MEOgherein the [ERR] axis of the tetragonal
structure is 30 about 0,8 nm (8 A). 23. The pernanent magnet material of
one of cfalnd M 20 to 22 having a nean crystal grain size of 1-80 [ERR].
The permanent magnet nmaterial of claim23 having a nmean crystal grain size
of 2840 ! ]allovzsmprﬁm Fp@an@nerlzmlg/rmmawmetlp@It orgfstaplegombpound af theteP@rt 0 22

wher ei ﬁe' '° "T:Hée“ﬁﬁ‘a’g @e@we@owra?w 956t 3t goest tegReraleab| e
Fe-B-R §r sa ,’54, o °(5" m d%"bﬂgﬁ' Reti c phases. 26.
The per negiané amﬁaﬁalm Whdrél tl’ﬁ; C. x&' Nk | Qru R PABERAELh G1PRASES

havesa hi4qlThe eityarclaipd 2 lar afWhﬁretnahdS, axisl of%e @Eagoﬁalpeummmibonagmam @s.eri al
of one of5-Ehedliggofe pisho@ededing He'msebmqt#rs#w Gudel P?lnfe nia1|60 EJI Fo€rnrefemblevi dent

fromtH# ?éﬁ oThol, bdre ok 1S
e a of one of the ecec}J c?al shavm sta| rEE me n nﬁ ; %0 r%
i mited t9 W0 ey & ddiais ﬁ"ah AL s o fat zeh&?zeﬁ aheis tor
perggnt: GlTEé’/éllI\}v of one of the pre w/ad“hs wherein the hg 4096aRh elements amount to no less than
50 at % of the overall rare earth elements R.
8. The alloy of claim 8 wherein Nd and/or Pr amounts to no less than 50 at % of the oversall R.
10. The alloy of one of the preceding claims further comprising additional elements M evident from the
below list, the amounts of these elements being respectively limited to no more than the values specified
g5 hereinbelow by atomic percent .
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9.5% V,, 12. 5% Nb, 10. 5% Ta, 8.5% Cr 9. 5% Mo

25,5%7%%4(53& 3. 5% Sn, . 005/0 5% Zr, umlumumwulul n, Wheﬁ%

two or nore of Mare applied beT gmpunt of Mshal " bé nd nore than
t ¢ maxi num 50 val ue anong t val ues speC|f|ed her ei nabove of the M
actual | 96 &Gmedazsotrffmep amwemem nge mmelrasaform#dqfladeaﬁ@lmmemylca mean
CryStc nsistin ess n a -BPT)tyg wgg%:ea \1 ?P%T]tégcgg s{aatllga'gst ner em ern
"Qﬁ;‘ﬂé ?QB ﬁ?é 31 néjaﬂlﬁltl al el erRMage eQ (o] tﬁé ‘hvﬂ:‘ 15 at
%amin{%u&sab n?&eth&&hé\vaiwéa@@&ﬁie BdlovilBticFifh the HRGUTRBEN snﬁﬁ@ th@%ﬁrﬂ&ﬂea by

pr ovinckra fgma oneélemmmanprse%t& SO dM ¥no oberhéd thimbdmnge velue adbngmbe ealuear €
ear t Isredifiefersloy phedfd elpmentsy M sctgely afderh, and Bigrkafance Reng &¢ Al dmbwiities: Fe,
cooling the nelt to cr&/sc%;jbl i ze ang mjerl Zi n%&pg crystal line product.
314 The process of cl ag g, V\:hEI‘EI-,QsB/ Rpbal ancg,gt,@TL:e and one or nore of
the follow ng speci f i eslsologment s i msamMBNt S | i mskew,t o no nore than the
val ues specified herelmlev by at @®cAper cent 25 Sb,

4.5%Ti, O%N?"ﬁ’ Sfe 3.50064mi , 9.5%R5%k Znand - 12 504 Nb,

10,5% Ta, 8.5% Cr,  >°% Flg 504 \p, 9.5% W 8.0% Mh 9.5%
A, 27. A mégnete SQtenZl 83 %efiRed in embodimest ﬁ/érsﬂ; m which the s5bs'§aﬁ%|Zlfyy te@4dn&O

5. 5%5|7'Eter27amouni§|?o%0&ss55a'}\ Rilvol %. L wherei n, when

two or %rﬁepemmarmamwa fﬁl deéeled in lg@mbodimgit 2§noumchcwe ﬂvbastsntlallmetrwnalcﬁvsthre

tfié‘°dF i ndi v The. progess of

ey aé Db Mgt }mﬁﬁ&“ L St merb Ph ot Seeingdre a2 ook

[ ERR] . Apls PBRIGRAH 6t 29 HefiABE N GinbSdiMENES 30260 whizh Yagweah Brybtigyratnidizess 1 wed

pr oduaotunns sintered. 5. 34. The process of claim33 wherein the

si nt er | Al A rerefrieptmantetas daffteéwpwmdmenb@ !Owcﬁfbe [FERR}rystd Braimsize ip? 948ss of

cl & B4, wer el LSl hEhL g e,nagfm gk Sihel Ryl RS ARG L G 2230 A

magnet i &3 kbt AdHAk b ddAHecih erBASTH O 582 RVRBE G BIL b & Ik 2

| east oBs :Baﬁnwmecwmﬁmd udcngeraze ot zsammadh thé light tadé &rthVUﬂﬁ{dﬂt(ﬂ R IS

at | eastunsrie nodess tban bt aetesfahe ovandll ek paythYeler8ants Khe magnet ic material of

cl # rpisg,éS %@‘ﬁ%%ﬂ;ntw ';’&eﬁ%rgrr@h@;wggt Inveieirthe sust efiNctRlsdr pRrogliBigol, 2 nn

( 12 % 6 ﬁg ERR]

axi s gaf. Aepe{ ? St rt%’tdure |°sg%jé s?u‘tgr §m"%%("§ % %% %yar?ggo%t

mat er i ab7. prearaaqeaf msdnat meﬂﬁedt.@eraeommas 8t zegmznfﬁ&%@ha&nuare%e%,@fodﬁ’ct and

th@ HBHamas ds bellwg tifam, 3%5kJ/m® (40VIGCF¢1e magneti c material of one of clains 36 to
wg%[nér} % fﬁr@aﬁé %’ e% ?T"é‘?%@"‘?“éﬁ&e‘& Whithethe raaxirgure eBereY PEPdEth t o 80

r ain

D AP ol o bl Sl 0 S0, ST SR Bl

cl @ ns 36 A peranahianhaynet dshdefiped tnl ehigsiingdnt B3hein pitddhethe ongxinheh regeray phﬁ&&t one

Fe- B-(RH es @9 um ‘rﬁﬁv‘@ (& MGYg bnal structure are separated individually

by nq ngﬂ |s no Ies h an§§ yh: '"g ireqnt @0nigtetishathe graxispum spergy RFafct36 t o
0 b EE?%&F% m\(é?\'t 4Y0 .E%ﬂén éﬁQ%aﬁrﬁ&H%ﬁérB{, Rebdilch of
4BHiR :men&kltﬁarme‘oemna 39M Gmaﬁ of clains 3 conprising 2-28% of

B 8 to 30% of R and the bal ance bei ng Fe and M M be| ng one or nore of the
ele (gts speci fied hereinbel ow, the amounts of these 25 el enents being
l'i mi t €8 Fo no nore than the val ues speci fied herei nbel ow by atom c percent

4. 50% Ti 1. An alloy com&ispl%/OFNBvR characterized 51 &%aBjing 1eadfole stable compou&@oﬁ% tBu?lary
10. 5%elBR tyheSVbiCE compound can b nynédided to become a Per¥ndAf mabnet at room temperature

8. 0%, above. where -B) sgogisafor at least one rgegy%tls[glempng%:l@ve yttrium, 3. 5% Sn,

0 al y m i saa p $a o] l T
S. SA) Zr %:lgj o{ H gh équ;]’the %r@us? the tetlgtggigl Qtru r%ﬂ:séabaégpl!5 nm (1Eh.5 total
ANDUNE GT TG Lifey ot HiES of § whBEmthIBEsts dathd fudboril Grelure s about 0.3 nm (& Al
5. The alloy of one of the precedmg claims, charactenzed by Curie points of 160 to 370°C, preferably of
about 300°C.
6. The alloy of one of the precedmg claims having crystals with a mean grain size of 1 um to 80 um.
7. The alloy of claim 6 having crystals with a mean grain size of 2 pm to 40 um.
60 8. The alloy of one of the preceding claims wherein the light rare earth elements amount to no less than
50 at % of the overall rare earth elements R.
9. The alloy of claim 8 wherein Nd and/or Pr amounts to no less than 50 at % of the overall R.
-10. The alloy of one of the preceding claims further comprising additionail elements M evident from the
below list, the amounts of these elements being respectively limited to no more than the values specified
g5 hereinbelow by atomic percent
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"85 the i.mndividual nmetals M added. 45. The nagnetic materr al of claimd44,
pherein the nean crystal grain size ranges from1l to 90 mm'mmlu”
1.5 to 80 | [ERR]. 46. The magnetic material of one of cI m
pherein the light rare earth el BRe@t8562uBdd for the rare éarth Bl et
R #0) 47. The nmagneti ;mr;erlal §&||@.Im46 \A@g,,u/'eén Nd and/or Pr are
ised”for the rare earth @mg:nt R 5.yAN§| ntereglsﬁqqnetlc mat eri al
tonsisting of a magnetic 8&% @i al powsle% menpri sigigp, ,30% at % of R R
pei ng one or nore of the &‘b%é/‘rearth eP8¥oNlt s i nclusthrsy, Y, 2-28 at % of B
and the bal ance being Fe.? 42 Gen pr oced8%0n. maki ng5-2% #agmdt i c materi al
powder show ng a tetragonaﬁ 5' tructure conprising 8-30 at %of R R being
pne_or ikl uhbhancod rorad Moo bRARRE Gtal AREbMIs Yridrid fhelgndd sy B Ne
bal ance theiindiyidsl ﬁet;alsthyahdmtr ng a powdery rare earth oxid f‘ as raw
mat eri’al f di- Te allpy Af GWd@r eAnCREYstel Bealh arﬁdofa1—r®d-mc|m era'gem—% @m.
di r ect redq ‘tl’oﬁ"w ec&‘f‘%ﬁ A "I"I‘Ptﬁ"uﬂl' % wndHeis Setekh. o
an s

si nt eri ryg,,,{,,%gt, p"’r‘;ﬂ;‘f an a&.ﬁf ace q é}tﬁﬁhe Z{the F'ﬂ%ge °Fsé'5%§ one

elem

st abl e t.eamrg/ymmnparmmeoraﬁdaa,eﬁganR type ere st or a east one
of thesrar 44.9he plocess ofrelaitns] 3iwhetelnchs nigs startigOmaterialiton, d feroRR6ATRIBE Fir BERG RAE  Of
cl ai-m 51¢a¢ e§§sn?ge 83330 at_ % R, R being one or rrore of the rare earth

el ements i nglHgi ﬁﬁ@ﬁ :f: of g;’v’h%m :&\:gﬁtzﬁ 9 ' i ng Fe. 53 The
per manent -HRQRRIf %‘ of BHRS 11y qgf he ﬁ;é 4, ab he
bal anee hagnet: F&nts.&&npe hﬁeﬁ&fsmﬁﬁfenmgﬁkﬁtnt@ &%s r tﬁ ﬁioﬂﬁct Qer nent

havi ng amgootSr opr C properties obtainable by 55 sintering a povvder of -sai d

mteri a i %ﬁ %ﬁ?ﬁﬁ% em@@@ﬁgjﬁ’ﬁ o‘ﬂsobemg d;;rg ;&ﬂem@ glne?fm |
nmore of. h ngm fod 3%% ef8i ance
bei ngzfe, @ T@lb aﬂerh)fn héttredtdrid0ofbiahitR 1 ?Nr?‘r%ﬁc tgmst ﬁgﬂea

per manenfonwbipged labt m'le&taﬂe‘:_)?b BR c&5pd’ﬂr&&lh6@ng’i8It&ﬁbﬁ&pkﬁucﬂﬁ'@pel’t | es o ar nabl e
by additi oﬁb["han’qﬂgm#etmagnnt raatmgﬂellalntﬂofwmtedr thé&sC) aXlS oft597tetréﬂoeal BtEUCEEi® Bbout
magnet of? Bf e 5 gf\/\@ in_the |j rare earth el enents.
anount, tao,om 5[' %,e fﬂfﬁ %‘ﬁ'e‘ 'Pat% ft 'ﬁ'ez &R &t Whgreip é"’ R fredsteagensl grugureds,

The per Wﬁnmﬁhmﬂﬂ{enﬂfﬂag@rbﬁhdﬁréﬁofwﬂfd'f@Ib'l?nsud tPDNafhg &7 rﬁea%@ﬂ)éﬁ]:g?ar;r 9?;}9 11 85S

than 50 im. % of the overall R 59. The permanent magnet one of clalns 54
to 58 wher & fhe Permasen ooy eaopest mte a?r af ﬁa"s‘r 28chaving Ja- @6an @ystd gra‘ﬁssuper off 2ragbiny. 2- 40
[err] 4 28naminE ey PO E: gl FiaimeRp ¢ te"ohe waowleepfaPWasez to

58 further >& @R PsdrRhdidt rmrm tﬁ?g’ﬁr%aﬁ t% rggy%mmg Bﬁﬁng%an |

t he anpuwhtRsofof td 4E2edt o8l enent s be| ng respecti ve

t he val uesZ2% paermhanedt niegneinrdtibiofolpyof albinnsi 18 tcpzﬁfomi’dr cdinpnsrng additional elements M

4. 5% Ti ,ewdent from the @qu%smthe amounts of tgesgg{eannts genfg)/(papectrvely limited t9 Ao Bethgn the

10. 50/40-|-a/alu§s Wca&d hereinbelow bbatg%cwment 9. 5%W 8. 0% M, 9. 5%
Al, 2.5% Sb, 7. 0%s%eTi, 8.0% Mo Sn, g, 5-5%Zr, and 10

5, 5%Hf wher ei n, when twa.se¢ v,nor e of 12\oans, appl |ﬂxg% trhe t ot al arrount of I\/I
isdimted to the hi ghest85%acrue of oraas%)wld, he i ndissd wual nmetal s M added.

61 Tfe per manent magnet 8 2 Pfai m 60 Mg a rreérﬁ%:ﬁ stal grain size of
1-90 [err], preferably 2y pm 62° it perrrar?esﬁ/‘t nﬂ@‘het of claims 52 to
61 wherein Ris 15 at % and B 8 at % 63. The permanent nagnet of one of

cl ai N5 Svhetein, GRerviveroe maretdi M aré agdplats the Gl afioartlcEMsREINRI Y reRETHORIG nfaditnumh

tet raigor‘{a'lue §ﬂ\°ﬂﬂ:fh§r‘@'ueﬁﬂpe°ﬂ'%hﬁen¢PQmmthm!gﬁetlallofadéédal m 63 wherein the
[err] a reger , gqg frgg"srﬁérmaéﬁf'ﬁh@t#ﬁ'e 27 havipg @ tmegn Srvigh Ein sz ofy) to BHumThe
per man e rﬁ’d et GGl 0P dne Yr Bk Bleledi 'é he ragonal
structure B(BA@EHbéHsf&nﬂkrlgjﬂ 6e$mé\)entrﬁé‘gnet15haa£eﬁ %i@ﬁ%ﬁ MMV tt%/aﬁl B
{ 54 t 0s6%, &oﬂmq»rerongrowomragmeaqnenqshmemg s.aseasat%rogbdrdnethfebﬂmcpamgrela;sn@f t he
at Ieast‘h“ogé' st g’i’a'm dt'ls'ﬁ%‘ ity basFar"GmWCtanot her .

process 0 whe lance is Fe and one or more of the foIIowmg specified
elements in amounts limited to no more than the values specified herembelow by atomic percent

60 _ . 4.5% Ti, 8.0% Ni, = ' 5.0% Bi,
95% VvV, 12,5% Nb, 10.5% Ta,
8.5% Cr, 9.5% Mo, 9.5% W,
8.0% Mn, 9.5% Al, 2.5% Sb,
_ : 7.0% Ge, 3.5% Sn, 5.5% Zr, and
65 5.5% Hf :




25 + 67. The permanent magnet of claim 66 wherein the nonmagnetic phases
~contain much of R and are present between 1-45 vol ;ﬁuﬂlmmmmll‘ mL
per manent magnet conprising at | east 50 vol %of a t
Ieast one Fe-B-R type conpound WERith303 MBYonal structure Whetein Ris
at T WABBin! iR tR &6 HorS bR bphiRE édbtAImbuntdPm is llml@g to the'RigiftlstVafle 8Fbne of
per nenthemagﬂeﬁalafemsl ®i 48068 cont ai ni ng nonmagneti c phases of 1-45 vol %
cont ai ni ng 32udhe Q'bCERS of @laimiEIRY @i Atveeaih the rcrmstaiine prrsigetds puiflercdadatons-sw mher ei n
t he nonrragn@tﬁ% gese of gf‘ g’%g'éﬁﬁ o g2 2::1'8'" %’e"Fid P"PH‘é’téﬁ ) z}e

§ DD oo I A s, WEFeir

S

per manént n%gg
‘Ris at 35 eeﬂ%agﬂéiﬁ n{a@erriel &ﬂarph t RARBD vbln‘,C m sn
bal ance kahp@n&eaving a tdthaorml BireIues] wheleliaR et leag aest raed e haelénaem mm:eihgwn R

is 12-20 at 370/Jmmhgaencswaﬂenalzbf ewm% whigein Tie€, iigrf thedetrapenahatmaetnie isagutd 2 nof(1ne
of cl af wher ein th rare earth e amount.s

oo S OB 1R ol fop P APl 4o e 72 Bl PRt RS oo
per rranent AR TIRL médnefid Rhtdfial 3 dMR Dk Blbifhs N8 18 oRprifihg BUPH4NbEB, 180309 dF BSshdlthan
50 at % &#8amk telng Feveral | rare earth elenments R 75. The sintered pernanent
magnet %of o‘H’eThﬁ mwnwmafﬁmaltqs ofig ofpplaime 36 tR3&wberpinghe meetbmal ma"aew/ésaam; B

to
amount s _PB" f cr'r?;oterZIBofcla S hre]rte%rtr?e mgan crny;%p nt rra r&%tgf Gnai ms

68 t0 75 Wl fie ?Ji@namaa,aﬁ fyoaﬂ"aicnm@mo% Rolen e ehhlee o f%?s . moriifs aThe
si nt er ed |fagrdnBREBIR WHOdbRIpotHd Haling BBrd§onv@ualre akd aepsmeanrervmfn 1 byCHoRmBgnstic? €
is 2 tm gbesperr]. 78. The sintered permanent magnet of one of clains 68 to

75 cont ai ni 4%y T'mmagea@tmasﬂel efdae 9fqiﬂmﬁ 36 Aheompriging aonmagesticiohesas 9fHefog%cm1!ﬁ
given beldviy ‘t‘*‘?é‘ie el off(m g RS oA 158 HABA) R LU & bf§4 3@2 5% |
of t u

Ti, balancg and M M belng lements specified hereinbelow, the amo
12. 5% b glements be ﬁ;ﬁn the values spelified/hdMinbelow by atonfic 0%

M, . 95% : 5% Sb, 7.0% Ce, % 35%Sn

5.5% Zr, and 5.5% H 55 V\/Hé%eT'n when, &4 Nbr m)re5(9f% are appl i ed, the ;
total amount of |\/|IS|Im€ othe h] ,povalu1g he of the individual !
met al s;,,M added. 79. The si@ e,r,,ed per meEg ), agnet oG §[I;a| m 78 wherein the i
mean crystal grain size i 3.0%- 64) [err] 3§§QSnThe Si r!stswadaﬁkerrranent magnet of

cIa|m79 wherein the neanSé%ylsftaI graln sizeis 2 to 40 [err]. 60 81. :
The per manent ma net of Cl m 52 or wher ei n m.ener oduct
(5 oy S EV% é’FFTP"E‘Zx waipprioges ot g ER PRl B oF |
cl ai m 0r4s egnei.mst @l m.mmwme%@mw&an@m SRXahges ROml188 80 Ran
- 80 [err] p(eidaamm)to 88;&m The permanent magnet of claim 82 wherein the

maxi num en EQ(BH) ofre ofslajms I6de43 wrrmm 68 'lgm&@ef@&re]eﬂ(ezﬁ apgoSed for 29

EP O lOlt d:{z:: e n tl m laI ent46 Uv:?b%gmag e% rln 82 Ké};\éé;rar )e(ringH.m
ener gy pro SI(IBta‘jﬁéé It éél%ls Qa @Lﬂgnz ww prl oat%of.

per manent, RBGREEneRr nokedf et e‘é&\ﬁ‘f@érﬁbn B Ui YRR @F &8 4Rt eDng Ry, 1S

no | ess t hade. R Bfbcdss bfvBakfrigh ridghisic material pow8& shdwiag eframnﬂrstrudmgemprsﬁg 8+80 Qf
cl'etnms 53t ‘169”85 bebgammmoee% L elempnts inflpdip %Y @28 §1%oef Bpgd thg Palanks pringces s
of makPnd; g @ggwg'i@gq fﬁ;by FeReicgratgnaiebiof R OBHpPI e BogEB88te R

bei ng one roeese,feef ReRERSE skl gdbrags.xtenzg%@ lwdef Qloydoron, the.
“bal ance bemgAEamaaaﬁ labkibt Ednprisiag Etléa@tdhéyﬁbla ﬂalﬁcon‘ﬁ»ﬁ thaGe-B/Ratype where R .

crystall |sme¢k @dlseat on roemslrn eart elemaste rinc powder ed product. 88. The
‘proces® f t(% g‘b&'"&emm@aﬂmﬂﬂ@ﬁ "A§ o830

0 F@pr'ﬁ 0,
R A ff?ﬁi gﬁnng ng%mé%ﬁﬁv S U0 T B Bl

- sel ect ed_f r 8nThdpergpatnp mganee bf drel od vlainis H11te 53,FaViRg aniedtropid pRdpetied bitainiteby
val uessss pe@rlf-m @ cholyderonf, saig, raaeri. 8.0% Ni , . 5.0% Bi ,
: 5. A permanent magnet comprising 8—30 at % R, R being one or more of the rare earth elements
including Y, 2—28 at % of B and the balance being Fe, obtainable by sintering a powder of said material.
56. The permanent magnet of claim 54 or 55 having anisotropic properties obtainable by additional
alignment in a magnetic field.
60 57. The permanent magnet of one of claims 51 to 56 wherein the light rare earth elements amount to no
less than 50 at % of the overall rare earth elements R.
58. The permanent magnet of claim 57 wherem Nd and/or Pr amounts to no less than 50 at % of the
overall R.
59. The permanent magnet of one of claims 54 to 58 wherein the mean crystal grain size is 1—80 pm,
s5 preferably 2—40 pm.

28




|

15 - 9.5% V, 12. 5% Nb, W%

9. 5% Mo, 9.5% W 8.0% M, 9.5% Al 0% Ce

3.5% Sn, 5.5% Zr, and 5. 5%Hf 20 wherein, \M“'" &’l M are
alul ne

applied, the total amount of |\/|I he hi ghest xv
the@dl vidual netals M added, cool | EQ te,#g k*t to crystalli ze, povvder| ng

fhe Crystal % Mem@dmmapnﬁp@s@mﬁgﬂaﬂﬁﬂtgBﬁmeherngnprismgpddmkmaesnhrﬁntsmyewﬁet
The pr oc%ﬂ?%&é@ herem "EPg"E?S’f {hpzerclaments ireing resRasBvevJiguiae racty e han thejvelues
bri ent ed nagne qmY¢ PYES™  90. The process of one of clains 87 to
$9 whesein the corrpacts ang%stint ered alosl@P0 to 123Q0Cs, 91. The process of
Ll ai m 90 wherein the sinteskng is ef fessedb) n an @B, at nosphere. 92. The
pr ocess of one of clains 88%t& 91 V\heﬁé‘yﬂl\@ step OB%aging is effected after
5i ntering. Pat ent anspr Ochgr P Legi ?‘(Es Mm@ nit e gg’u %hal t an Fe-B-R’
Hadur cfy gekennzei chnet, %u fé m nde “ei ne s ®fer bi ndung des -
erniren Typs Fe-B-R ent haI t, die nmagnetisiert werden kann, um bei
Raunt enp@hereinr whendwalermudreof Mpam afpdiedreieadtsl BgUNe of 145 livBted &ihe M@beuvalﬁe of one of
M ndest eff® iadiyjduab metdieMpsidedrent ei nschlie~lich Yttrium bedeutet. 35 -
| egi er yng rHcHRATIANERE Magnet A6 OBy ng@rRan creseferan ﬂ%fl?ﬁb—%qﬂi‘épf%ft’?%g%ﬁl e
St rukt ur alﬁcz\’\@ﬁesﬁermgnen{—ﬁ\g et l&ﬂ&a.ﬁé‘-‘éﬁ t@‘rﬁ Wfelh Bis YOL! 4 4 chse der
I et ragonal ess. 'fﬁi‘erpurlﬁabléntﬁfayght &t ok %eﬁ'@ﬂ{he aAeast&.GE%BugEaﬁszhm ound
Ans pr uchhis o thmagahal storciure. di e Achse der t etragonal en Struktur etwa 0,8 nm.
8 A f & Thepermangjt s1agpry oh%fn 62 Wherpin dherCo pige sftt%tetmenalﬁm@pnm@hlaquﬂ 2 nm
gekennze s 40 e van
etwa 30006 (ggf)h e%gggnﬁg?nugrl”ab%égﬁﬂﬁg ﬁse gere“\’/'grste xesnodenqiﬁg (E'H "'el’ﬁa?m“tos
- Kri st al | en, 660 e@arnidntritingigRet SO 6riRgF GIB&\S:E4EU€508@p@Biﬂgbﬁ>hﬁ1hQ¢etlc Phasds@Bpditig thenach
ANSpr-uc hf"& paﬁuﬂesmﬁtm atl Ieash onel etalden tamant bammuith frograie andthlri s 40 gm bet r agt .
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| ei cht en”SEf S8 AR oot Ageear ) N
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und/ oderYPr nicht weniger als 50 Atom%der gesant en Korrponente R betrggen
i10. Leé#ier %Wa%ﬁereﬂ memadent magnestal ivaing €9 comEning obrenagdets mhases &xf deds vol %
t

zu5|tzllf:°ﬁ‘ S der hf enden Liste enthalt, deren Menge
jeweils pijch h?n? fr aI':’er "gqnaa@?letf’p% 8%\”{9 'Pfe"é "°?1m‘?§’(5'etﬁtp6'ﬁi?F8Té’Fﬂse'Bé’t2r7;ﬂQen

‘4,5% Ti , 71. The sinférddYeMhanent magnet ofond %P dRiims 6519 %0 06 rising 8—30 ak % 1 %onblgin R is at
10 5%3H alea® oH&urdte earth element if:iunfrighh 2—28 at % B&n&%e\/\ﬁp dmoe being Fe.
i8, 0% M, 72. The smtge@qurmanent magnet 02 clgl% 'ggthel(j% &d42—20 at % and:§ 5%, at %.

'S, 5% Zr 353}’3 S F\ﬁ@ﬁ’é}f f slaims, '@ﬁﬁﬁ’thﬁéw refe partt dlementi® M

der en Gesarﬁ: est teo Iraree nen

Met al Mthegrz&ﬁlztaré sirth rﬁtﬁﬁggt gﬂr}:ﬁ%%\g‘?r nsprlﬁ‘gtﬁl: ?L"Séuwsq F%Q%séﬁri'a%%g? ﬁfe ren

Kristall kor7ﬁgl'meemmmd parnianent GRgMEPT one pizlaliByHite B4 WhendisR didoyiita to 2Bout 152 edndNg
ch ei n h Reuefeahden Anspruche, worin R_einen Wert von 15 At om % und
| nen Sﬁ'"&e%%ﬁw %ﬁﬁ%&gs"g Ane ¢figlaims 6840 78 whereip theymean cTvelah arpia Sireis

ei ner d—egl Q'?U'ﬂﬂ siherdl SrRSIEhOREgYOS ot 98 R AR LN taﬂb’r%ﬁ*lnzé% 2 to 49 pm.

EP 0101 552BIrhe sintered permanent magnet of oR&of claimsGR fErs Z6HiainiAglat (da& BRI/ element -

Zusanmen¥eselecied) fromitee anaup Qiveyi belgg inhe rmobrds oBndhinere3Banihe walkesRipediftdetieloR, |

m ndestens ein Sel tenerde t ei nschl ich Ytirium bedeutet, und als

Rest - B sen besteht. \ée?{anen nag E r\glpruch :}(?,02/" rin als

Ausgangsst of fe Ei sen e| resekics.en- Bor - begi @s,ung flgg% und Sel t ener del errente

ei ngeset zt werden. 5 g® Mferf ahr easnash Anspr s sb3 oder 14, werin die
G edinge .pul verisiert we;rgj’fetﬁf 3.5% Sn, 5.5% Zr, and :

55
wherein, when two or more of M are applied, the total amount of M is limited to the hlghest value of one of
the individual metals M added. .
79. The sintered permanent magnet of claim 78 wherein the mean crystal graln size is 1—90 um. {
80. The sintered permanent magnet of claim 79 wherein the mean crystal grain size is 2 to 40 pm.
60 81. The permanent magnet of claim 52 or 71 wherein the maxlmum energy product (BH)max is no less
than 32 kJ/m® (4 MGOe).
82. The permanent magnet of claim 53 or 72 wherein the maximum energy product (BH)max is no less
than 80 kJ/m® (10 MGOe). :
- 83. The permanent magnet of claim 82 wherein the maximum energy product (BH)max is no less than 4
65 160 kJ/m?® (20 MGOe). i
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16. “ Ver flahren nach Anspruch 15, worin das Pul verisieren bis auf 3 bis 10
,um durchgefOhrt wird. 17. Verwendung der Legi erunqmlnﬁmrlﬂluﬂu]"“ﬂ

: Anspruche 1 bis 12 fur magnetlrs“cﬂg @HIO@ ﬁuzﬁqgsmat

nmagneti sche Anstrichmttel r# iche Materiali&n b

Zw @enpr 0gal Kh&petmanenEinsgned df uiigh MMeB&i‘tﬁQﬂh&ﬁhﬂiﬂgmﬁmodmﬂBH)mak& no Iess than

Per manentasagured 30t MGPal , enthaltend 8 bis 30 Atom% R, wobej R _ein oder
mehrere Sel ﬁ%ﬂ@? %'I“EEWEG"&%%W QZQ@Pieth{“amu'ﬂﬁmf%Pd%}(BHlé‘Efélﬁ’@t'esﬁH‘d"| n
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S i e gl el LA 3 0 6 B Sk i

2 bis 20 ﬁie(amnﬂfae%ruamhébmeat indludiigofB6-5B at 2of b thexidnomiopires iepdoelingahe melich :
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auf wei sf. P8 7 ek Jgg\g}‘b ﬁ;’f ronlf,g] ceb QEB’?&%/?E‘E&%%

least one a
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" Per manent magnet mat eri al ‘nach Anspruch 20 oder 21, wori n d| e a.-Achse der

¥ tetragonal en Struktur etwst8% 8i.nm (8 A O%ewlragt 290% Bi.p3

| Per nanéft nagnet mat eri al n%i; rnem d S&%‘)ruche?@ 8 22, nit einer

§ mttlieren Kristallkorngr6 24 P@gment magnet mat eri al

B nach Anspruch 23, mt ei nefo%ndefl eren gs%ssfal | kor ng)s%Be, anan 2 bis 40 Pm -
25. Permanent nagnet nat er i #.5%aeh ei nem der Anspr uche 20 b| S 22, wori n d| e

Fei ntelzbchgﬁqegmpg&ase 25 diem nde%tens eilfne?j f %ﬁt ﬁj\ﬁlﬁf"t‘) dung

ent hal t QH‘\‘F

Péerranent %E@a ;f,z hem ﬁ%gyfég ‘tiép rlengn SheRgnet T Sehane

Phasen ei nergg W%sﬂihbbﬁss@&péﬁdeté&p&idﬁm ogiented id 4 magnetlc fleld

Per manest rragnsthaa:treuessadaf cmamln clamea’htd @2 whars{or the hempagtsisire sigtgred cih $00RP t1840PG. n

zusat z| i che 930THe| preqspr of NAIYPeWiPreine the FindeTing | Eéfi‘ﬂﬂﬁ “l'_ {38 {aEg0 ’g%ﬂp pere.\nhej di e

Mengen di esd? ENecRfReeeof Rt |cRing Ehie Hetperdr é‘ﬁsf& 3fter sintering.

i At onpr ozep;t \ﬁggp_.enen Werte betragen, 4,5%Ti, 8, 0% N ,
5, 0% Big 9, 5% 12,5% No, - 10,5% Ta, 35. -
8,5% Cr, 1. Legierdhg5H8 Aibgm Gehalt an FQ-BEB;/@Wur@ g@%nnmrphnet, daR sie rgmge,q;em; eine stabile - |

2, 5% Sh: Yerg%h@g des ternéren Typs F -@n—quthalt, die magnstls eﬂﬁ rg umt& IEF '

bei m Ei ns ::\éf F"%H’éﬁgnﬁeﬁrwﬂg?" MR '"cﬁfta'ésr eh & Eéner F‘fmnt gngm 7":'1

al s der, maX| dacitl RhspVieh 91 WEHI dle Q&Gﬁtﬁ@b&*ﬂﬁtﬂuﬁé&? ﬁ&tedﬁ’onilé@ﬁ@ﬁb&ﬂ%ast

El errent e M baetdg&gtng n%AnEhﬁmnmhmm@netmua:et:abonaacatruﬂmspmdn npnA12 Aibetragi.ner

mttleren hém gtgalrmmpﬂgw@s@cmbmn-’» wiogin gig agﬁfhsvé?rzﬂggmfegétrzw egwa 9B g 8 A)2g

Per manent A trrat eri nach ei nem der vors ehend r

ei nen V‘érg., (9 m[yﬁéfc encgﬁéﬁs ge enn mlme éy;t%ﬂgi’um\r]onéégbls |

Ver f ahrn t‘eéine% d2 S0 ﬁmmmhm&wea] d?erdilUﬁl&hreB&Fr@rdBSU @isl en

ei ner Schauahaxeberragt ei nem Gehalt an 8 bis 30 Atom% R, wobei R ein oder

mehrere Sel tbhwﬂmgen@htﬁé'swtl%@mlt Kxigtalien dF' efd ‘b orngrogg %b‘?B" A% or
%ﬂ g %’ﬁ Iﬁﬁlente nicht

uhd al s _RestS eger gﬁe'a g-sfa %7% ﬁ'ﬁ“feg
:F;(L)” V\?\(r)lt‘4|§ Ingz:i?? é a%h d/o Pr nic lwen F big3b AfbrM&Cher HBsaRidAC N
K 0

: e| n oder nehrere der nachfol gend angegebenen
B8 Elenmente in mregem,ng daoda eimerh dari votstehenslen Apdpsichié, dieanbenden zyedizli %W@e\hwaﬁ
d Verte in Agrorashiolgenden diste anibiit. Sprep Mengeggweils nicht mehr aig djgopaghstenenden Werse fy,

Bi , 55 fo Atomprozent betragen, 9,5%V, . 12,5%Nb, 10, 5% Ta,
8, 5% Cr , -9,5% M, 45% Ti. 9,5% \BosBNRY% M, s0% B, 9,5% Al, _
2,5% Sh, 7,0% Ce, 85%9%, Sn, 12,5% Bp5% Zr 1056 Ta,5% Hf , 60 wobei

bei m Ei nsat z. von zwei oder8§°érﬁff der El ébdnMe, M der @8%Ws ant menge auf  den
héchst esds Wert ei nes der elﬁ 'én zuge@r@%gbn Met aI215 ‘hegrenzt ist. 32.
Ver f ahren nach Anspruch 30g '31 wor as krlstal°l I'ne Produkt bis auf 3
bis 10 ,impulverisiert wrd. 6 33. Verfahren nach ei nem der Anspruche

30 oder 3 AobsibsimEirdials vgriiweisrdehehr te Elfmeate M degmsiepdnatmengs autiden3dchsten Wert eines
so der einzelnen zugegebenen Metalle M begrenzt ist. i
1. Leglerung nach Anspruch 10, mit einer mittleren Krlstallkorngrolse von 1 bis 90 um, vorzugsweise 2 -
bis 40 pm.
12. Legierung nach einem der vorstehenden Anspriiche, worin R einen Wert von 15 Atom-% und B
“einen Wert von 8 Atom-% aufweisen.
13. Verfahren zum Herstellen einer Legierung nach einem der vorstehenden Anspruche, durch
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<. 34. Verfahren nach Anspruch 33, worin das Sintern-hei einer
Terrperatur von 1000 bis 1200C durchgefuhrt wird. 3 Ver f ahren nach
Anspruch 34, worin das Sintern in einer Argonat m)sam mam Wi rd.
36 Magnetisches Material mt einem Gehalt an mnd ”/m; ner
@Z die m ndestens eine 5 \El?bﬂrlmrﬁﬁzeMTyps Fe-B-R ni't ' rfer *

DR el U 4 LS Sl RS 5 RAGERERSS, B £l S&Bmﬂz t
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36 bis z%ﬁschmrddnktdlza WarétélluRg eoﬁpér&aﬁdn{df@hag{ ol 3e vorzugswei se I m Ber e| ch
von ¥ 0 big Ba@mpd-emd\age tatefidl, enthaltend NMhisedd fedress FatverbeiaR siacdeAmegiwareh 40,
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von zwegehgitien Rpyonrt b‘er45E’I°é%EWf\@'sm der en Gesant nenge auf den h6chst en Wsrt

: Zé P eéAﬂf |s 2 das gite
ei nes

- Mat er I g‘femen QTQc rﬁfﬁ%f :&h r&t%gézrm iste € thalt V%ti eﬁﬁ ligal&gq‘n d|Fse|r f: rB?nne e\‘é%g nic tnger ej Ch
von 1 bi's 90 pm vorzugsweise 1, | I'Tegt. 46. Magneti sches

Mat eri al nach ei nem der 4®¥spi uche 368&%3\11,43 worg,0% @i.e | ei chten .

Sel tenerdel enente al s S&¥eder del emdhg® Ribe| nges@c% Taerden. 400 47.
Magn&ti sches Material n iy spruch 9@%&%“ n '%&;oder Pr als

Sel t ener del emente R ei ng&seké de;gis% Gesi rf&f ZEndragnet i sches

Mat eri al, bestehend aus smnam magnet i schen Pulver mt einemCGehalt an 8 bis

' 30 Atom% R, wobei R ein oder nehrere Sel tenerdel ement e einschlieBlich Y

51 bis 53, mt anisot ropgega//" Efgensch

dem obei eb" @"‘%{i’fﬂﬁ?ﬁ'%%ﬂ' 'Pf derflamented\ :Pme" ?'cf\tégwe@mdeﬁnm'e
Her st eI
tetr aggpa \gau e ; s 4@ aI ten ﬁ%rggl%\t om 9 ;g S:EL ms':?eﬁghn 1ob

nmehr ere Sed» tPetveanere egmnﬁaerm mnhhérﬂdérlvﬁhte\ferhbdﬂuépﬁiche Zvoltih R efHn NeﬁrVoH/OIB und
al s Fées‘etorﬁé’o upd) BegineRr Wert zwnaé#m% eror m gen Sel tenerdel errent oXi ds R203

al s Ausgadh %fi?fjﬂ ey A}?‘Zﬁ? ﬂg %& e er %E’*W"q‘ ot e RRary ef nem

Redukt i L08R 3 Ble J80ktodl L PG abkttlen dor hmyled e ura kel rép%}n& uch

49, dasPuRleRdierdve HésSHrita 'hbH‘ sroalfk& Sinterns der Pulverl egl erungen um‘a

Per mement ghgveefehren tnagh Mesprisbhiol twozin der IRdgsteensd einneder Shahiniré alar hmhfba;eem

Ver bi noh!m epengn neeinEMengen e pufrright mpbs plerie apghfolend engaoekenemierte in

ei nschI M¥BPPERt Yodsudetitht . 52, Per manent magnet nach Anspruch 51, enthal t end

8. bis 30 Atom % R, wobeisds ¢ n oder ggpngre Sel topepdel enente '

ei nsed*ll i el ~lich Y bedeutes® v2 bis 282.8% ns % B umngbsals, Rest Fe. 55

53.: Per manent magnet nact88n€pruch 5295%Mhal t en®SRWi's 20 Atom % R, 4 bis

24 Atom % B und al s Rest80%Mnsg. Per?%,é?‘rt rragnet%é?@ 8| nem der Anspruche
died

60
wobei betm Einsatz von zwei oder mehr der Elemente M deren Gesamtmenge auf den hdchsten Wert eines
der einzelnen zugegebenen Metalle M begrenzt ist.
32. Verfahren nach Anspruch 30 oder 31, worin das kristalline Produkt bis auf 3 bis 10 pm pulvenslert
wird.
65 33. Verfahren nach einem der Anspriiche 30 oder 32, worin das pulverisierte Produkt gesintert wird.
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el Ceney AL EGRAY oL R e o e
nach Aru&a,rnm; aleRbabt end nic ht magneti sche Phasen in el ner 35 Menge von

1M i BlstdReR UhNEh IR oifd: midhstdb &l MErdReMiBARR tdiagsHalennaCh
Ans pr%utmr i, e%rérlgjiﬁgu e ﬂﬁ%&%gn@&ues a%mm?@%sn&arelsantme?wkmmagms&n:% gn s 10-
Vol - % viedéuit@gisis ZWAtom%B lund @s Beat FePdurchelitiitzemuinpseulveriicigen BeitenaldglerigngxidSc he

68 bi s R0 alefusgangsepffifigR piitpulserfdmmigamds Ruiveiiirmigem FeP Hefkireayfieduktignsmittel fir

Sel t gpef'ag %&*&E’%@ SO e S GBI S o Bed B RS RAD ae Rest
:%d'éﬁé]? {H REdihs BiRGHLt bindidHg!dds p@l nen
.Wsrt voma Bll?. worln R Ghi &Ehé’/elhllsdlteBerﬂe!éiﬂéht\é&ééhlwm'ﬂh 4' HmdSutélA At om % auf wei st .

73. Gesi nB2rPeananPetmannet né prruchrfd cénthaitendrf kies0 m @chebeGB eini O;devrzehrwerl n

das | ei YigRerdsiamantecaioshiieRict] Y barientet?bia &
Vera g ERSnSEITeR s e A 5&@%’3'&5?%5@2??&? i TR

vor i egen s4 Harmanentffignethach Binérh UK AnEsHiEHE B E Bik B8 GiiEdnisBasHan éﬁ&ﬂf:ﬂb&bn &f.dudAr i n
Nd und/ sigkein ddiesi Rulveisndes ghiamgen \Materials Ghitéltlich sind.
55. Permanentmagnet, enthaltend 8 bis 30 Atom-% R, wobei R ein oder mehrere der
so Seltenerdelemente einschlieBlich Y bedeutet, 2 bis 28 Atom-% B und als Rest Fe, erhéltlich durch Sintern
eines Pulvers des genannten Materials.
56. Permanentmagnet nach Anspruch 54 oder 55, mit amsotropen Engenschaften, erhéitlich durch
zuséatzliches Ausrichten in einem Magnetfeld.
57. Permanentmagnet nach einem der Anspriiche 51 bis 56, worin die leichten Seltenerdelemente in
¢5 einer Menge von nicht weniger als 50 Atom-% der gesamten Seltenerdelemente R vorliegen.
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Em ger -als 50 Atom % der gesanten Seltenerdel enente R vorliegen.
esi nterter Pernmanent nagnet nach ei nem der Ansprucﬂ |n Rin
ei ner Menge von etwa 15 Atom % und B in einer Meng mm"ml"’lrwm
vorliegt. 76. Gesinterter Pernmanentmagnet nach ei nef der "Andprache 68 bi s
75, K?)I’I ndienttlere 60 KrisER ktIh§5@8811 bis 80 pm betragt. 77.
terter
TSt al| A e e el o ot b e L B0 s

ei nem der /ﬁﬂs&nrmm’metn&anéa|nsch7a5wmeﬁth13brtuerrecs4mr5dmdrmm& rﬂinlaremsmka}dgfames bls
= ement R "@uﬁfﬁjﬁg&‘ﬂ?'fe abis Qeum, featsdgt-ol gend ange ebenen G uppe, in Mengen,
ac

el che®d ?t 3eh © griAnSpr % rhm u ighe Elemente M
_ ?:r 0% Ni |, %«ﬁ“mprozentg% g:ﬁ %tg; eren Mengen je\i/ Sils {E) ﬁgolgend ang%bqg@/r \fvarte;g 5%

5% W 8, 0% M,
9,5%AI, 2, 5% Sb45§530/ Ge, géé NG 3, 5%, 3ff% B 5, 5% Zr und

, 5% HP, wobei bei m Ei nsagge \tpn zwei nggehr de§5élwhente M der en

Jesam menge auf den h6chss.en mért ei nes%6A, der ei pB®IsKEN zugegebenen

Vet al | e M begrenzt ist. 380% Gej J!||[BJ% $n.j |iiibs%ZMntl| EP O 101 552

Bl ~79. Cesinterter Perrraﬁ%t"ﬁ'agnet nach Anspruch 78, worin die mttlere
Kri st o | webei lmIEG'Sithnswg@ddﬁflm#-b@r Ela ente BllereGEssanitoerge puflden Mrhaet Wargsiads
nach. Ansp¥ g'?rg‘ Z $‘ibﬁ"edl“é‘*t szsttaI lkorn%roBe 2 bis 40 %m betrigt.
5 81, RelBnes e "k L0 P Joh B Bl ristaflspTHOpavon 1 Bis 90 u,
Maxi mal ene r@ F%ﬂﬁﬂdhkkfag&eBthm Als5EneWBIbPET wakrR e?.?enwe/nﬂ?én (#tm&no*ﬁ.ﬁeﬁgt
82. PeoMeemnmgmm % actwveibnspruch 53 oder 72, worin

Maximal ener Benimag(iRiRy qlrwnem @hﬁnwetwhgé‘r blab‘% wBGin Idlb/rwﬁdeét:b@s m)rhebetdeagt

83, Perntt é’t‘ima naﬂF %‘Lﬁ‘gzst’“ Maxi mal ener gi epr odukt

( BH) max gj o) RS e %Er Fi5EqaPaYRn Styiur étwa 1,2 nm (12
Per mangnt rrmgrmmmaimaem asdumsﬁzch 88Qbér 54 AastinMisd rmhs%m%r erngEQMFuk&.BMHX
ni'cht wedd ger (8ahisbedd®. kJ/ n8 (30 MOe) betragt. 85. Per manent magnet nach _
Anspruch 836 WFW"H@P@"W¢W‘FB@N§W neprfiehg Pétbig 88 pnthaltend cibiitmagnetisgbe Padsan, 280

kJ/ n8 Bgelﬁgﬁﬁi der indestep; emp’th lea 4 frb erelrenny h
51 bis, Séneramét%%ﬂh L Aorich %’P%faﬁ mﬁghe B asLp errarg oo

Ver f ahr en zanGdskatestecs rﬁéheﬁthﬁ@ﬁet Beuhmemmmmewdmﬁ& FRE4eCHit HirAbdt& eine
ei ner-. chmbnmgndfts Evme&er@hat teinan té@raporsle8 OStAkmin H45vhejst, \wadtel RRmiridestade bin

mehrere fieligy YdegautebBl i ch Y bedeutet, 2 bis 28 Atom % Bor
und als '"tg‘gfﬁ e weﬁé’@ g’“ﬁ'? g8, fﬂﬁf"ﬁ"f‘é’t‘%‘f‘]ap’é‘i“&héﬁhase" in einer
pul ver' s| er76ne OPdthbrish@haghdtingdin mp%&pébl lofin SRWichtrfdgRtaGHan BRGerin Lifd "

des gepuMemgetven Pviedolvos% vBBiegeder f ahren zum Her st el | en “el nes

‘Per manent nd r@?lewrtehﬂemnﬁmmememaeh binem dérAesprBbh BEDig 2, erithalteridrsdin 30A M-t AN 8
bis 30 ArOify m 'tmerﬁe Aent eipsehyi e';gh S@P@e@mr% 28rdore-& BpnsaihiRésefd.i ch
Y bedé‘htg;;en fﬁ' S ﬁﬁﬁ%ﬁ%@ ﬁéﬁﬁﬁ's@"’& 1. wgug R pigen \Wert Y4 1681589 AoMmt a8t ens
ei n zusat zlzscl 9§int ﬁé?tnacldae%e%U%erdﬁﬁsHmﬁbféél BN, ARARIERCRER.
Ghuppe i %lmmmenmdec Wie laiiheh tSeltdaerrdemheéme: inteirier MIBAROGD ARRIWeAREE #6150 0mlegen,
ausgewahder gesgmten|Sejtsnergielemente R V°f"€ﬂe(}% Ni, 5 0%Bi, 9,5%V,

12, 50449\h 74. Gesintert @% mag t spruch 73, worin d51%11 rPr in einer Merge zonR rwht 30

&
weniger als 50 er gesamtbn & t
nentmagnet nach e :ﬁﬁﬁg nst 2 @%1% 74, worH1 Ri 13 E‘%&? % ‘'von

8, 0% M, - 75. Geslnte
5,5% Zr dtwal 15%“ und/\B lre kin&rSMERgEIvas atwa Slﬂfbnz%ﬁiorl nt e M
deren Gesanrf.n€ ersaafPedmeMU@m grach/\einbme ereSnsPhictie 168 &ig 78| wein zieg Agedrenen
Met al b s E@"'éqﬁ‘ie is 80 A4\ betrdghy der Schrelze bis zum Kristal Lisieren,

© Pul veri sjgf ArredBenRRPEpanpTmagnst Fash ARPOH K roud e tpere Seettkarmersly HhieftHmer

- gepul vertens, L@inﬁhh'ﬂlﬁbrmanentmagnet nach einem der Anspriiche 68 bis 75, enthaltend mindestens ein
zusétzliches Element M, ausgewihit aus der nachfolgend angegebenen Gruppe, in Mengen, welche die
s5 unten angefiihrten Werte nicht {ibersteigen,

4,5% Ti, 8,0% Ni, 5,0% Bi, -
9,5% V, 12,5% Nb, 10,5% Ta,
8,5% Cr, 9,5% Mo, .. 95% W,

50 8,0% Mn, 9,6% Al, 2,5% Sb,
7,0% Ge, 3,5% Sn, 5,5% Zr und
5,6% Hf, :

wobei beim Einsatz von zwei oder mehr der Elemente M deren Gesamtmenge auf den hchsten Wert eines
g5 der einzelnen zugegebenen Metalle M begrenzt ist.
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- .370C, d

89. +Ver f-ahren nach Anspruch 87 oder 88, worin das g ul verte
Produkt in einem Magnetfeld ausgerichtet w rd. 90. mm ﬁﬂlﬂf@m nem der
Anspruche 87 bis 89, worin die rdi chtet e or per C 40
gesintert werden. 91. Verfahreﬁ\".eﬁﬂm?ir#pﬁj h 90, worin das Sintern in

ei ner ) Ar g%aémapé?mdwhﬁm&étm%mwrh& 78%rln\6%’$mmls&mﬁmmlmmm
Ansp ucheara@8 bis 91, worin nach dem Sintern eine Al terungsstufe durchl aufen

‘wird. 45 Fevessifiterter Feswsnertmw¢t|na@e‘\newm7éna9ﬂn demiglere Kristaflkasnandfe2disfmum e

fait quPPfistontient agqlaet"%c ucﬁe RO 91, HRluts ﬁgx.&x.gﬁergeggrmmﬁu i ik

conpose ,GhberPfd) 2 gt en deverant un al mant rmanent
tenperatu rsz sém\hmtreagabt rath dmaﬁs 53 btier @R wasie baMuxint eftgisBodift (BHBraMmichdes
terres manigs,als 8¢ bitpt (19 MGG tbeirdgtn 50 2. Alliage suivant |la
revendi cat ?%PP"I"’"@HH? ggﬁ%gwn*é'ﬁh 1 B2 worim BascMaximieneediopirdui (BHmax pightyenioer 3.

AL alfe Sl lbahite "5"’“‘"31 bR B2, 550 S A rlr oo ARG

revendi catssoPeraxamédeagn n&quueih 84, waKe das. Mdﬁnéla\eﬁjd’pmmnr(ﬁl-l)hﬁt hialijovemlger est
d' envi r els 289 8J/min(IEBMBPe) betrdR- 6 5. Alliage suivant une des
r eventi &at §eoPREmpResETRIBTINAY cineayatAnspiishe 5681‘ g &enafiich ﬁ‘t"§h 8B Peivgrataliiaigghes A

%Ve%(aﬁgﬁ gurrqj H&’E&glieh gﬂeégprg entﬁ'ia reéltén'o%g:ﬂ Béﬂitéféﬁﬂ ei er%@lﬂngﬁs’nn einem :
revendi eRhdian® b0 ABRERIEwobell A badh RBhreielSkehdrieRMBRte BIRE SUETENEEcaBLETIMAINE
de gr ai 128 doni-%)BoBuld) alg MRest /Fe, Abkiihibg cdes Schvaetie Bid zure ikisdilicieren oﬂ'ul»@nsuery:aldbs des .

cri staukrlslalwnem@r@uhen@m@rﬁ’r eund Singern asw%vert@ WG@S a 40 gm 8. AI liage

sui vant "F‘é\)@ ‘@82}: Rer 1’5%?& % "Bf?ﬁ?'tﬁt Pg%’{"‘éﬁe
b
aers e e
ensem& %Ig 5%@ &e n ﬁpﬁeaﬁ M3RgdnAvBiShe Mcht | & @infeH laHgdakb nén Werten
revenﬁl (ﬁagmoausaewanhans, | equel les 6l 6ments Nd et/ou Pr ne representent pas

nmoi ns de. 50% en atones de 1' ensenble de R, 65 10. Alliage suivant 'une
des revendi cati ons preceggﬁt;és, conp{%mn en ou;grgé; $"autres el enents M 34
7—;—~~~§3~4—~~~~~'— ~~~~~~~~~~~ 3}0%15]4.1,1111 ljgj,r;gxlm 11111 xmgd, 11 1111 EP O 101 552 :
'B! * 7,0% Ge, S 35% Sn, U 55% @ssmttant de la |liste

-dessous, |es quant i t 685¥%eHiees el ements 6t ant respectivenment limtees A

' -des vai eurs ne ssant e
pour opnraba o SR8 Sy APmaT '%?f:%t”‘:t e m‘zﬁ%;:f “ﬁﬁ?z?%%z%:s

9, 5% de PMyverisieren debkribtdfigl@teNProdukts 3 |5%éi&ﬂTt&l.d Sintefo dbe gepulverten Ledlerdfh de Md
9, 5% de W 8BY@fthoke nidh, Anspruch 89 o8y B8l vofih das gepreBtR, gepyivkete Blpdukt ir(ElbedeM fgmetfeld

3, 5% de agigerichtet wirg. 5% de 7Zr et 5 5op.de Hf 10 au u
ol i go gl VAAPTER AR e Srenplebe ot o5 vt B e ke b B e DY o
A la Val® € U1, NEdntEH fachl Rndprdéh 98 8%0rHEda8 Sinidr O YhétUhonalhRbidM Brenglfiihrt wird. -
111. All i agpe vettahvénhach améuavcendhspaichoas b9, 91 ayérit nath @ledli SIRBRI dirie ARYLEBSETEU

ghrqey n dagreblpufen aird. de 1 a 90 pm de prefé6rence de 2 A 40 pm 15 12.
entel %ue defini dans |'une des revendications precedentes, dans

| eque Revendi?ti®hit age at omi que de R est egal A .15 et |e pourcentage

at om que de Alia§&don@BshantteB-R, datactsHENHE[EaitdfR iIRbARRA! adinh s uA cbMpdt blaRig Bu fybé Vant

| "'une desnaieesBh, campesé uppeat Bcenigétissan devsmamunetimaro pewranelit drie taopéposge t i on

cont enargmbiantg eza%desr?u‘atPom@s%nBau 8‘%%‘0%‘@??"&#%%%@'% YR°'P r'e@EWt'ant au

moinseun GEINE e EHAAECL YR (S egROR ety Hamitany o

fer. 203 A sulvan Vendi cati on ueI on u I_|se
comre rrat | &IAAR dﬁjl\dﬁﬂﬁfet/erﬂltatfdarz,ouﬁmaak ieqagmxé 8JdeQa hamrepawgo.&le &t d'éiRfon
el ement SLSdms 8 lres rares. 15. Procede suivant |a revendication 13 ou 14, °
dans #e Eﬁ“@se E‘“edﬁﬁ g%ﬁgd'sﬁ'ﬁf's fgré‘févi!ﬁ?ss‘i?é@te"iespafF’Fmdes‘éH"ﬁéﬁtmq?a

eV

es revendi cati ons
par - appl i catAlmage s’imd@ﬂa &vqmpiasttoa sz'ﬁantntsg:ﬁaau:ques:neldmhﬂ@ rsbweemm@raucam
pei nt ar a@sd n6t| ues come nmat 6r| aux t hernosensi bl es et conmme produits
i nterrnedi & p Kﬁnt ur@tﬂeé fnggggf Ipﬁs&ﬁt{egt ? ﬁaﬁgﬁ %e_s éléments légers des terres
tu e nsem

rares ne cons ent pas moins omes de I’ e des éléments R des terres rares.
9. Alliage suivant la revendication 8, dans lequel les éléments Nd et/ou Pr ne représentent pas moins de
‘50% en atomes de l'ensemblie de R.
65 10. Alliage suivant I une des revendications precedentes, comprenant en outre d’autres éléments M

- r;veggi i Froff S%? eﬁu’&g@ i@.cgtuwngg,céc&fwe VGl aeB BEILRE, L Qo 10
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:desr,

1 18, Mat6riau pour ai mant pernmanent, conprenant 8 a 30 atonesY % de R R
i representant un ou plusieurs 6lenents des terres r '
retlou Pr en quantite non |nf6r| eure a 50% en atomaglmlmml,ﬁm" n atomas

de B, Ie reste etant du fer. 5%/%xr| au pour @i rmnt per nanent

| | a revendi cation 18, corrprenant 20% en atonmes de Ret 4 A 24%

0 n“é%”'ﬂ@t ge la jite cilasseps. les aurntiiés ag 9e8 AEMPRES St easpectyAmeatiimitéss ¢ deseplelire at i on

18 ou 1%, 9FETEFARE CERE I 18 BECIEEYS RS SR PORCPUIER AIPENRU S U nmi ns un
conpose Fe-B-R stable A dstrire tegsnagpnal . Zloy WBEeri au pour ai mant
per menent suivant |a rewswldeati on 28s%den, | equed% keaxe CO de | a structure
35 tetragonal e est d'enA&%de Lr.2 ani‘ﬁdAMo 22. meeNﬁu pour al mant
per manent sujvant |a re\Pé‘r;dF’% % on 2%)52 %‘! dar?35 |'axe a, de la
structure tetragonal e e% ‘Iron 8 A)55 ge Nﬁ‘[ eriau pour ai mant
per mgnent suivant |.''une cfes revend| cations 20 A 22, ayant une di nension
MDY €N N Gautlukl EasAbiqubeiBuCduIphis @t Heust @léthers BRor pli4Dés, 1a qu&\ﬁte tdvile @ Mast lipaesa lai mant
per maneateus waxigale ded'un alpe métayu tindidugis M ajputds: une di mensi on nmoyenne du gral n
des cri st%i.n@“ %992""/4"*3? d‘°2‘5’" 1%@1‘%’%"&3%“:&“%@ a5 rareive ATistRide AAR0 | ' une

ans ga cﬁldchﬁ\s p"élggéenggréahg %lq ? Iéjﬁonlr@en& Qse
Nt enadidmigk H@Rreetséganaqerams tSrh Qe BOdit ¢gdfRAH. €€S | s unes

: aut res pan3.ceséqidessmsparaion Idmgraﬂ‘egqmnt MlnEe des re%duc%hepnewderpwar aUsnsar&

per manextlée diinepemppsitianesoetathint2id 2%erlzasom@ah§ $ é epn ¢te@eqme?s B eprigentant au
rm'gnet |'E]‘EI ul;?oﬁ: ;nﬁﬂ?\?:qégjgé - di ﬁ]tiélr?\ﬁ?%rﬁns uel orf u |I| co?néﬁnq; r?mtfe di d27 6r1 au
pour “ai i@ Wi Yo Mfos Q& hat EAtT 0N 1B R 9" LoRprenant

sr

{ ep outre gaeer @mmtaat addwehu.eemas 15 oMm e&as)rehamesdaasls& douRbLsdnt pARSRES, | es
- quantit 6s 16 ®racéds seivendniesenlcativh 15,.aepeleduel/ie peinérishtion esiotfectiéedesgiua a-aapm. ne

depassant1 ag"'?ﬁélp'l' des 'Lﬁge%wams g jdpg eewendicptione d ol Ashar pplisation dudes seprodges

" at orrfqu%%rﬁ tl pr t%rr% ment corgm %,(? rqqlmagnethu§ 6om gngferlalgt @%nzféer\?tbles e
i

‘simants pe#
12, 5% Maténa gnt (d%l a::t‘ag: 3p§ :égnge %I%em)ﬂ repre&nér{?g? lyv 55
8, 0% dQJlthurselements eifréieardd comprenant , idevde Pen, quZntﬁ)é’/ﬁdﬂ%fgﬁﬁureéSO% eaaé%bge Sn,
5, 5% deleZR,,2 #28%, eb%tateestfe BHe retesgjare ddderx ou pl us de deux 6l enents M sont

i npl F‘t:]u6s19 % aaﬁ’ﬂuw@amt@saraéernsmaéﬁém@dmm1aﬁpwprﬁa@tm?@wa§§mes AR

val eur (e géﬂ"% ﬁ?;zgmnsa é»vasnp.%%vmcg,& 13%9%§ s cgﬁ;senvi.m%gai

BU ins

reel | erB?\EJe Rhfakh R s@bliBNdtruRtGfe @ {isgdhale Ul
revendi cabi.ofatétidy payamianumndtenm%mna RUyHdIREN U, @hﬁleﬁhed&ie Clédshatwcnde 1 a

90 pm tdeag naid eqte#‘me'r@eﬂznﬂm) pm 29. Mat6riau pour aimant pernmanent

enyl

Csui v Matériay F;P'é'ﬁ%'ﬁ?ﬂt(? wg%z@dém"é@aﬂoaéﬂwﬂéq%f lqage! Saxer pelttage

des 5 LRAL ,ﬁaﬁéﬁg} e

at oni ot '“ﬁé’éﬁéégééﬁ? 45 SR BRRaiBkER U205 o B8 lirkbn 2 8-
cﬁét ea IaCﬁa un ITB.t rau macgnethue per manent par

f OI’ ek i on 241 Munauatrpsmeuﬁanndema%t su:vanHarevendtcatrom23~a~/aMeﬂmrensmn trNyd.dne du

57" K> grain dss ﬁl%%der? a ‘r‘g uﬂ: REP 0O 101e 552 Bll sers r enant

e
r8 a gozﬁaglculesﬁ‘rg io’?f ang?alg.r% %%%}@E%Ltgefgnes ﬁleant sgpar%ee?g?asté?ﬁl uaﬁstg;azﬁr r es. ¢
fer, 4 ef rm dvna r dendna pofaRént fs0isHY Qa jrél@flticafior” 126,Sdank lldgaat e Phased non

transf onagatiquas em ymehdute tehsaucperoﬂu:leﬂ gAb%tealvoluse, 31. Proc6de suivant:
revendi ca®l- (M?‘%'G“ p ﬁﬁ“al P“q“bs‘#vés"ﬁ'é“‘tﬁﬁg?;@t“éfaé'ﬁnsf 8ra ?(gt cmfmnt Ui’stf?ur S
ﬁgrg ei Tcgrél"esrg%ﬁlfl 1onﬁgg;:)egﬂ%i @? ne

depagsapl ,cgag,ge &Bni@legUr s preci sees cli <80 OUrCent ages. at om gues

4,5%de Ti, , 0% de Ni , . 5 0%de 8i, 9,5% de V, 12, 5% de Nb
10, 5% de Ta 10 "45% de Ti, 8,0% Rle Np de &:0% de Bi, 9 5% de M,

9,5%de W 8, O%de Mh, 95% d@"5%de % de Nb, ;/ﬂ 7,0% de Ge,

3,5%de S, , 5% dggzrde%fn d§fA°15 0 que deux ou plus de
deux el enents M sont [ rm[ol%qu@se, a q;g@mtdbtsa. t ot 531., g:zMeest limtee Ala

. val eur maxinmal e de |' un sd@sdenst aux i ndivi duels M ajoutes. 32. Procede

sui vant Ia revendi cation 30 ou 31, dans’ Ie%uel | e produit cristallin est
u x0u plus de deux éléments M sont impliqués, la quantlté totale d'éléments M ne doit pas
pul v6r |§e' ;z‘ﬂl"ﬁea g

aleur maximale parmi les valeurs spécifiées ci-dessus des éléments M réellement ajoutés.
28. Matériau pour aimant permanent suivant la revendication 27, ayant une dimension moyenne du
grain des cristaux de 1 a 90 um, de préférence de 2 4 40 um.
29, Matériau pour aimant permanent suivant 'une des revendications precedentes dans lequel le
pourcentage atomique de R est égal & 15, et le pourcentage atomique de B est égal & 8.
&5 30. Procédé de préparation d’un matériau magnétique permanent par formation d’'une masse fondue
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3-10 m. 33. Proced6 suivant I'une des revendi cations 30 ou 32, dans | equel
e produit pulverise est fritte. 20 34. Procé6de ' . I mi cation
B LT e e L R
roc sui van an giel "l esfr age e
est( fect ue dans une at msphee!eﬁgfgrgcc)sngég“ Mat6r| au magneti que
co enamtt\pramﬁnrmam B0stewmes dedl. Bmeprasentans up b Blusieushigémentscdes HErrge ramsivIFOMpNS 25
conpos 'yﬁ"l‘l %P &'ﬁ 2o E'%sfer?i tésrr:stré pidigsmantee 'HERsSRIENT BitR e au
moi ns uff ség werde%lg%n %‘ {Iﬁo % aﬁpé } ¥et:$r{sisfér9n fgﬂet u%& %rubtaMs des

magnets QHﬁxe%%H&ﬁ‘Es Ll%pfe@‘éﬁr& érﬁi@é’é'llﬁtﬂé ar@l%u g WBpastantyA 16s valkrsl frécisées
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