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As mentioned above, many researchers have proposed various processes to prepare permanent
magnets from alloys based on rare earth elements and iron, but none have given satisfactory permanent
magnets for the practical purpose.
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Summary of the invention )

An object of the present invention is to provide processes for the production of rare earth-iron and rare
earth-iron-cobalt practical permanent magnet materials.

Another object of the present invention is to provide a process for the production, of practical

65 permanent magnet materials which possess good magnetic properties at room temperature or elevated
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Fig. 16 is a graph showing the relationship between the mean particle size (um) and iHc (kQe) for an
50 Fe-Co-B-R-M system.

‘Fig. 17 is a graph showing the relationship of the sintering temperature with the magnetic properties’
and the density for an Fe-Co-B-R-M system.

Detailed description of the preferred embodiments
55 The present invention will now be explained in detail. The present invention provides a process for the
production of practical permanent magnets based on FeBR on an industrial scale.

In accordance with the present invention, the alloy powders of FeBR base compositions are first
prepared.

While the present invention will be described essentlally with respect to the anisotropic permanent

60 magnets, it is understood that the present invention is not limited thereto, and can alike be applied to the
isotropic permanent magnets.

As illustrated in Fig. 1 showing (85-x)Fe-xB-15Nd as an example, the amount of B to be used in the
present invention should be no less than 2 at % in order to comply with a coercive force, iHc, of 1 kOe or
more required for permanent magnets, and no more than 28% in order to exceed the residual magnetic

65 flux density, Br, of hard ferrite which is found to be 4 kG. Hereinafter, % means atomic % unless otherwise
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For the purpose of reference, there is shown a demagnetization curve 3 of a ribbon of a
65 70.5Fe-15.5B-7Th-7La amorphous alloy which is an example of the known FeBR base alloys. (660°CxX 15 min
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The term “isotropic’’ means that the magnet materials are substantially isotropic, i.e., in a sense that
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Pr. For this reason, the Co-containing magnets based on FeBR are advantageous over the conventional RCo
magnets from the standpoints of both resource and economy, and offer further excellent magnetic
properties.
60 Whether anisotropic or isotropic, the present permanent magnets based essentially on FeBR can be
prepared by the powder metallurgical procedures, and comprise sintered bodies.
Basically, the combined composition of B, R and (Fe+Co) of the FeCoBR base permanent magnets is
similar to that of the FeBR base alloys (free from Co).
Comprising, by atomic percent, 8 to 30% R, 2 to 28% R, 50% or less Co and the balance bemg Fe with
65 inevitable impurities, the permanent magnets show magnetic properties exempilified by a coercive force
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i
r
[

the effect off tHe2iingjvj dual elements M the changes ijn Br were
experinmental lly gxa
i
i

t

e——
nst

n varfed @mount8 théreofy The results are shown in

read from Fi g
8, 9, 10 kG dn
(BH) max of 2C

Py airvidimg Br 1nto several sgctions such as.6.5,
Fn0., B of O kG gr nye is nedessary. for obtaining
pie. 7.8 T s Ismthe $epldcengnt sheet EP 0126179

&d} i
Figs. 9 to 11. A $ostrated in Figs. 9 to 11, the ugper limts 45 of the
amounts of addi t{roral _efements M (1, VvV, No, Ta, T, N, W A, Sb, Ge, Sn,
Zr, Hf) otherjthgn Eiigglvhoand N are dete&,m ned such that Br equal to, or
greater than,l about gokp‘&of ha®d f&rite®i s @taified. [The upper limts of
t he respecti\)e,,e@ﬁrﬁlgs M are given below. 4.5%Ti, , 8.:0% Ni ,
5.0%Bi. 9.5%¥{ [, 12.5% Nb, 10.5% Ta, 8.5%Cr. ~ 9.5% Mo,
9.5% W 8.0%|My,|” |E§ ¥9.5% A .. 2 2. 5%8b. I. 0%|Ce, 3. 5% Sn,
5.5% Zr, and 5@5%%%83’55 Fur t her preferaBIe upper “limlts can clearly be

1T

an

tgn:ﬁ &
&
BB

B2 Addi tion qfzME 4 2N in larger anounts decreases i|Hc, but there is no
appreci abl e drop 3f[ B[ pue 1o the ract that N 1S a rgrromagnetic el enent.
For this reagon,|Tr '§i§ew-of |He th-e upper liomit of Ni|is 8% preferably
6.5% The inf|l ugnce $® MY addi ti on upon fhe decrease ijn Br is larger than
the case witH N ‘urnn- StTong. T view 5 —of THC, |t he upper linmt of M
is thus 8% p'referabégo 6% Theguppey lirgit of Bigis flixed at 5% since it
i s indeed ingoss|i blleg producg al Isbys h&vingéa BN content of 5% or higher
dqu t he tilgh \/&apcﬁ!?—pressure of Bi. In the case of 4dlloys containing two
or nore of §He B tLonpl erenments, 1t 15 required that the sumthereof be
no nore thag |th msxfgtgumoval ue=(% ~among of he RIpper - linmts of the elenments
to -be actual lly addgdg &p® W t hih the“conpdsitfonal|-range of FeBRM as
ment i oned abgve;—for—mgtance—thestartigy Eter bat's re weighed out.to
have a conposdi-tion

Fe, and neltd EgpL. Ehe p%l:ve&:zed according to the
procedures asg 5 dodwe, Efonfied ~at sarprgs'suee- of| 19. 6x 107 Pa (2 .
ton/cnR) in g nmagneétEc f Ketd o§ 105( a’nd S<!: ntePed at [ERR] and [ERR] for
1 hour in an ) SR :

B*a,; % Nd, &é %28, Itat @V and the bal ance bei ng:
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N

argon atnosphere of [ERR] Pa (200 Torr). 15 The rel ati onshi p between

the particle size of the powder upon pulverization and the coercive force,
iHc, of the sintered body is substantially the sanme as illustrated in.Fig.
5. The results are shown in Tabl eEP 0126n1Z8i 81 it is found that .the FeBRM

base permanent meghetraterat-s—are—+rdustra-y—very—advant S in that
t hey’ can be forned |i nt{od Bhe end prodycts of high perfornmance and any
desired size by |t hg pcv%l8r al lurggcal pfocedus es agror di %g to| the
present inventign, &g @gn|industrially PO beSproduged ir@xpensjvely in a
stabl e manner. It i|¢ fofedrthat—mo—ragreR &-gh—perHoernee—and any
desired shape cdn e qbE @ heds by thegpri ong artsgput tBlg Nng D

mel t - quenchi ng. |Acg orci.§1§: t o "anot her™enbodr nent ™of thé& present ijnventi on,

i nprovenent s i n |i Hae—Tmprthetpre—tntended—by—addi-rg—sa-d—addi ti onal

el ements Mto F4CoBR quékelr nary systens as is the case for the HeBR ternary
sys- 25 tems. The|cogrE8vie eor ce, igic, general loy decszdeasesgmth i ncreases
in tenperature, |but],2 oBAg Po the Pnclusion of M the materials pased on
FeBR are al | owned gc Save o gracticd i i i ; eover, to
possess magneti ¢ Droperg Egssequi vaFept wi th, or «greatgr thag, those of the
conventi onal handflery igﬁ. | i t he FECoBRM™yui narty al | bys, the conpositi onal
range of R and B sfe—hastead deternred—n—the-—sane manner—asi s the case
with the FeCoBR|qmate I s. 30 I n general, when Co is jadded to Fe

gone al Igys i @Ereasd prop@rtiondtelyl with the
her drop, so that difficulty is involved in
£

;
Co—addi-t+en—Wher—a—part—of Fe s

al l oys, the Curijé&g poi
Co anmount, whil e g hgse
the -prediction of” 1@
substituted with Cop,~
the amount of Cp t¢ b
for increases in ri
i

ahEd

1) S5

St TN
<

Lirh6;

Ul e POi Nty | NCrgases gy adual,l y wi Lh increases in
ed™ as illrustrated in~Fig. ®4. Co~is dffective
HAt—even—i-n—a—shH-ght apmount 35 As j|ljustrated in

< \P\v

&§15
$

Fig. 14, alloys|hayin Clér'i e point rar‘l,gi ng from about 310 tqg about
[ERR] dependi ng|uppn {EeBdnoent of Cb to Be adddd. Wign Co & added in an
amount of 25% o1 | ¢ss @@ntri buBes to increases in"Curie points of the

yT (8
- (M

‘\@ﬁg—&n—adve#&eq—n-f—l—u-eﬂee—t-he#eu-p%—u ke also in

FeCoBRM syst ers | W %J ,
Zwhen tHe amouy of Co excgeds 25% tlhere is a

t he_FeCoBR sy ¢m er, - W
gradual drop & [(BH) npg§and©there is a skarp dreop of ©(BH) neix i an 4o
anmount exceed?‘nl} 3501 Fhidis pa-plyattributable to a drop of ifHc of the

magnets. Wien the anoymt gf Co excedds 50% (BHLmax dfops t® abdqut 4 MXe
of hard ferrite| Ther£2os¢, Eh®_criig cal @munt,'g’og Cosi s 508 _THe ampunt of
Co is preferabl) 35%@@.&55,592nce na>§tf1en axceeds <l0 I\@Bde af the

hi ghest grade [ERR] ah€ the &t of S he r&@v mat&rial ®s red@ced.| Presence
of Co 5% or nor¢ provides|the thernm& coefficiedt of & of gboutj 0.1 [ERR]
or less. Co affprds corrogron reststance to TNe Magners simnce g
superior in cor Qségngr_e,gi- 45 stance to Fe. Mst of Mserge tq iH#crease
the Hc of the ma%@tssa@@ed on bot hdeBRMsand FeCoBRM syste&s.NFii g 15

i NLustrates the| degggd@ta 2at Pon cur Ves of “typi c®ll exaftpl es 82 The BeCoBRM
magnets and the| Fete mag- nets (free fromM forthe purpage of| =
conpari son. An therease—i-A—iHe—duetothe addition of Mleads tg ah
increase in the|stahidity|of the magnets, so that they can findjusg in

w der applicatipns. 8F§)ﬁe§/er,;si nce M exce Ni s 50 @non- n@gnet|i c,-

el ements, Brdecfeas&3awiTh the resulti ng decreases in (BH) max, as the
amount of M i ncfeases——Regentty—there—have—been—+nereastng—apphi cati ons

%
2

for which magnets having glightly I Qw (BH) max bgt high Hc are needé&d.

Hence, Mcontaihing alloys are very&usef uk, as &ong ag they,posgess (BH) max
of 4 M3Ce orhigher. To.nake Blear tBe eff@ct ofathe i®dividhal ¢lenments M
the changes in Br werg:
The results are|subst&
as shown <

10

&5

exa@i ned £n varged arpuntg thereof.
al 1§ simil & withythosegcurveg forthe F¢BRM systens
Q Q Q Q

exper€nent al
t

t

(at—%

composi

(1) 71Fe-5C
(2) 67Fe-10
(3) 57Fe-20C
(4) 65.5Fe-2
(5) 45Fe-30
(6) 67Fe-10
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55 in Fi gs.

9 to 11. As illustrated in Figs.

9 to 11, the-u

pper limts of

the anobunts of Mare principally determ ned such that Brof about4 Kg equal

to,

or greater than,
forthe FeBRM systems. As see

t

hat of as i s

t

s obt ai ned,
goi ng exanpl es,

F1eBi7d Bt

t he case ,
he FeCoBRM base

per manent nggnégts|can oe forned Tnto high- 8 EP 0126179 perfornance
proddct s of |any des&Bedom ze 4y thes pow;ler meeal | urtgl cab pr ocedur es
according tq the F@p%en@ |nvéﬁt|on<nand~as wiBl be mppr&ciatled fromFig. 7,
[&] . .
no products ofl%ckrnerfornance and any desired shape can be] obtai ned by
t he conventijongl=sgpd tleri ng or nelt-quenching. Consequently,|this
enbodi nent i|s indLszﬁlaKIy vety adv@nt ajeous £n that hi gh- per f or mance
per manent Nggnegts |of Pany desired shape can be produced 5 i nexpensi vel y.
The preferall e|ranges of B and R are also given as in the case of FeBR or
FeBRM cases.| A9 theg &t ant ing getal lac powderswfor tde fgrm ng (conpacting)
step, besidgs ed$c¥§g gh préﬁeterﬁ¥ned~conpoe|t|onvorawn1xture of alloys
of within sych |@®npoSitions, any elenental netal or _alloys of the
conponent al e%ed&rt§n| ncluding Fe, B, R Co agd/or additional elenments M
may be used [f@r a@ &i Ry nmat@ri al mvlth“a con® 10 Pl en@ntal| conposition
maki ng up thegfli ngld &onposi tions. 15 20 25 30 40 45 5D 55 EP 0 126 179
B2 Thi|sZifs tthe, riepl acenent sheet Date: TERR] EP 0126 179 B2 This
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wm B2 This is the replacenent sheet [ERR] EP 0 126 179 B2
This is the replacenent sheet Date: [ERR] EP 0126 179 B2 This is.the

T epl acenent sheet [ERR] EP 0126179 0B2 This is the replacenent sheet
[ ERR] This is the replacenent Efe®ti26EF¥9 B1 EP 0126179 B2 This is the
repl acenent shee Cainms 5 1. A process for producing pernmanent nagnet
materi al s of the Fe-B-R R &ype conprising the steps of provit ding a
conposition conprisihg bﬁg & c g)ercerﬁ 8-30% R Swheein Ris at |east one
of the rare earth!el pgenss i Atluding v,”2-28% bor‘Bn (B), aphd the bal ance
being iron (Fe), nellBng—sald—econpoesiti-en—eoetHng—the—+espltant all oy,
pulverizing it to pr_aparé“ﬂ metallic pguer_having a gean particle size of
0.3-80 [ERR], preferabl yd,%, 40~ [ ERR], nost p#eferafb'l y & 20 pm nean particle
sizes of 3-10 [ERR] peihf§ excluded conpacting said netall|c powder, 10
and sintering thejrepul tgng. body. 2. A process for preparipg pernmanent
magnet materials ¢f fhe Eeg BR tyPe CO@I’I sing bygat ot ¢ pprcent 8-30% R,
wherein Ris at |east uoné;gf Y he Yare arthl enefits Thclufding Y. 2-28%
boron (B), and the= a@aaae_inal_ng_l_Lan_(_Ee.)_,_by_hea-t_L-ng_a—cr xture of rare .
earth oxide and theg prheesgtal li¢ material g withga reduci pg agent
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to reduce the rare earth oxide,
metal i c powder
1-40 [ ERR],

pul veri zing the obtained product to a
havi ng a nean particle 15 size of 0.3 80 [ERR], preferably
nost preferably 2-20 [ERR] nmean particle sizes of 3-10 pm

bei ng excluded
resyl tant body. 3. A
and/or Pr amounts to
elements R 4. A proc
powder Nd and/or Pr a
earth el enments R and
such that the powder
sintering is carried
of the preceding clai
one of additional ele
as specified hereinbe
added, the total anou
anong sai d specified
8.0% N , . 5.0%
Cr. 5% M, .
9.5% Al , 2. 5%
5.5% Hf . and whérein

9.

6. A process as defing

a condition . as to yie
defined in one of the
out~in a magnetic fie
wherein said netallic
preferably 12-20%
nost preferably 6- 18
the magnetic field. 9
8, wherein the sinter
-process as defined in
1006% 1180 degrees Ceo
precedi ng C ai ns, whe
or a reducing atnDsEh

nos

conpacting sagg

pr ocess as

gg#l neg§ BCI\(I:\?S:’ m1,

and sintering the

wherein the sum of Nd

Ao | es
bss| as ge“;'

ounLSs
2} pa%t %gg

5 «than 50 at

% of the o
ﬁEd |q clalnlr- whe
® | ess t hén 2(5’s 50
he Fe is_substitut

erall rare earth

trein in said netallic

at % of the overall rare
bd for by Cobalt (Co),

ConpFi bgs
put | at

s, | wheBe?

@%%t o [ERR &

nor e than 50 at

5. A pr

~said netallic pPoOW

4 of Co. and where in the

pcess as defined in one
ler. conprises at | east

. M.af
o@@ﬁe

Tent s

oW
.be

%ﬁ'ﬁa

/ @

no nore than the vé
=d=thab mhen BMD 0
Fhal [Sbe Fo note t

Al ues by atom c percent
nore el enments M are

an the | argest val ue 25

y added: 4.5% Ti,

ht
LIgS
o

cé‘
898 e

w

he elenents actuall
M~

12. 5% Nb.
% W 30 N

10. 5% Ta, 8. 5%
- 8. 0% M,

5.5% Zr, and
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5% Sn.
ng Is carried out &
nsl, whereen the cod
Kial®y clystalline

19 {Cl ai n5,7 wherein t hg

at [ERW to [ERR].

35

)l ing i s done under such
p state. 7. A process as
b conpacting is carried

(0]

ocess as defined ir

nj;rlseg bR at @i c
)y 12-16% and 3-23

) any of Claims 1 to 6,
ber cent, 40 10- 25% R
% B, preferably 5-18%

d
p
t
9 the

o€Q§s

A
. g%”

ng

conpacting is carri
«as defined i mone
i“ed ofit af 900t o

ed out wi thout applying
of claims | to 3 or 6 to

200 degrees C.- 10. A
\herei n t he sinteriﬂ

g is carried out at

3:1,1.
h@&é

45
El
br e

Pr—c-

A process as defin

@erifg i g cardied

A |process as defi-ned

ed in one of the
out in a non-oxidi- zing
in one of 'the preceding

Cl ains, wherein the"s
process as defined in
Torr) or less. 50 .
Clainms, wherein Ris
Claim14, wherein R
one of Clainms 2 to 15

nterrn
d ai n»

14. - ‘
L2- 249§°an(
L 12-0& 4

wherein (

%z' |

06

arg B Ls 4~

carried %;t unaer
wheretn t e preegsur
s s detEnell Zih
| B3i 583 285 158 A
4%

o iLs rot re_than

reduced pressure. 13. A
eis 1,33 Pa ([ERR]

one of the preceding
process as defined in

A process as defined in
35% preferably no nore

than 25% 17. A proce
5% or nore. 55 1
ai ns, wherein the

at % of the overall r

s ag gefin

ed in one of. Qains

l ements R o

=z

s as defined i ® <0ne
bt th ﬁlenent(sgaﬂmi

22to 16, wherein Co is
» Of the preceding
unts to no Iess t han 50

bs

Mean
particle
size
{um)

2.1
4.0
31
3.0

' Alloy
composition
(at %)

(14) 75Fe-7B-14Nd-1Bi
(16) 73Fe-9B-15Nd-2Dy-1V

(15) 76Fe-8B-15Pr-1Al
{17) 76Fe-8B-15Nd-1Al
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l! A process as defined in one of the preceding d ains, \/\herel n said
metal | ic powder is selected so that the sumof Cu, C, P, Gu, My, 0, Si, and

Sis no nore than 5% by atonmi c percent. 17 20. A process as defined in
Claim 8, wherein said additional EPecOd26s179 aBpuntto no nore than the

val ues specified below 4.7%Ti. 4. 7% Ni . 5.0% Si. 10.5% V.

12 566 Nb, 10.5% Ta. 8.5% Cr. 9. 5% M. 8.8% W 8.0% M,
9.5% Al . 2.5% Sbh. 6. 0% Ga. - 3. 5% Sn. 5.5% Zr. and 5.5%

Hf . 10 provided that, when two or nore elenents Mare added, the total
anount thereof shall be no nore than the | argest val ue anong said specified
val ues. 21. A process as defined in any of the preceding Cains 1,3 to.5
and 7 to 20, wherein the netallic powder is an alloy powder or a m xture of
al | oy powders having said respective conposition. 22. A process as defined
in one of Cains 1, 3-5 and 7-20 wherein the netallic powder Is a m xture
of an 15 [alToy qr alloysS having an Fe-B-R base conposition anda powder:
metal having a cgnpl egrergary co sition makgng up the respectgve {inal
conposi tion of said retatlic po@r. 23. A p‘roc§ss as dedinedhAn daim?22,
wherein salgdas@og\xe;_r neta conpri ges an _al l_oyoormaILoys of theccorn
‘ponent al else@wEnt | Sai &\Mgal_o_ CONPESi EI of. R4. EA Brocess d def |'gn<=d in
Cl aim 22, | 265 dsalg_d ¢29] et al' cenpé,l ses a carmbne@té[ & elagan(s) 20
of said f{R corrposﬂl Gh. 258 Adpr ocess Sccgr dEngNt o-orie of t§16<\p ecedi ng
d ai s, wherein smtczl rm -3 qTfe;ctgd :go a dgnsk-tyqzhl;ghq t;f\a 9%4 of the
t heoreti catt PoOSgSt bHe—cdenrrst Ly Patent &SPt ehe—+—Verfahfer—zum
Herstel | en vpg #P¢r manent r nagnet - V\érkstoffen des Typs Fe-B-R m t
VMahrensgch'@igten Qei, denen eine_ Zusanmmenset zung, angegeben in Atom %
aus 8-30% E. ¢i= R ndest ens i n=SeFt efers dRl ement et nschil eq jch Y
bedeut et %2&@ Bor (B), und als Rest Eisen (Fe) bereitgestellt wfd, die
Zusanmen- | 30l set zung geschonl zen wird, die erhaltene Legi erung gekuhit
wird, die Jgegi er ying puI verisiert wird, umein Metallpulver mt einer
mttleren| e géhengr 6Be von 0, 3-80 gm _vor zugsmel se 1-40 pi n |nsbbsondere
2-20 pm |ebed Bilre @ tid ere Kei Bch@ng®518@ vAn 3- 10 pan dusdeséhl &sen i st,
- hehzustel | e blu.cgas Met al | pul ver verdichtet wird und der erhaltene Kor per
gesi nt ert |w rd=2 \erfahren zumHerstellen von
Pennaneﬁtrnaﬁga {\Werkstoffen des Typs Fe-B-R mtei nem Gehalt, ange} 35
geben i g At g% |wvon <B- 30%=R, owobei mR wi ndeséeng exn Hel t erer del enent
einschl i epl ix® & |Bedéut &, “2- Z89%°Bof (B) Und al$ Rest™ Ei%el (Fe) ™ durch
Erhitzen ] ' :
metal | i schen Stofffen mt einem Reduktionsmttel, um das Seltenerdngetall oxid
zu reduzieren, sowi e durch Pul - verisieren des erhaltenen Produktszu gi nern
Met al i pul Ver mict @i ner ni ttI eren Teilghengr6Be vog 0Op3-80 -m var- ﬁjgsvxel se

@D

(=}
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40 ist, Verdichten des Metall pul vers und Sintem des erhaltenen Kor
Ver fahren nach Anspruch 1, worin die Sumre aus Nd undl oder Pr nicht
als 50 Atorn-% der gesanten Seltenerdel enente R betragt. 4. Verfahr
Anspruch 1, worin in dem Met al Epulgvt2e NgFouB¥ oder Pr ni cht weni ger
At o % der gesanten Sel tenerdel emente R betragen und ein Tell
Cobalt (Co) derart ersetzt ist, daBS das Pul - 4s ver
Atom % Co enth8lt, und worin das Sintern bei
wird. 5. Verfahren nach ei nem dervorstshenden Anspruche, worin das
Met al | pul ver

ni cht nmehr al

pers. 3.

weni ger
en nach
als 50

des Fe durch

s 50

9000C bi s 1000C durchgeffihrt

m ndestens ein zusatzliches Elenent Mmt ei nem Atom %ert,

der n|C!art thﬂe]r fut, alc nﬁghfLLnanrl qnﬂng_eheln |St mi rlar I\jbn_gubn’ dag
bei der_ngateé‘*’aon Zwei ade rr‘v;hr EI enegteé\on Mdere% Ggsagt ni ght
gr 6Ber |i st alsfgercgr Bt Og dige gatg c Ilgh gi ngesgt z¢~ n
El enentle dngedeBen i st 50 5%T|, 8, 0% NI,
5, 0% Bi{, 9,%% V, TZ,5% Nb, TO0, 5% Ta,
8, 5% Crt, = "g"s < v o % Np, o o v v < d¢5%W8,0% M,
9, 5% Al}, gL~ ~ ~ v~2r5%l\Sb~ 7~O%Ge- ~ N~ o~ o~ o~ o~ 815% Sn,
5,5% Zr, {und 5,50 H , 18 [LLI1ID ~~~ ~~=lllIM_ 11D ¢ ,, 11,
EP 0 136 179 |B2- al ues; und worin des Sintern be! 900C bis
10000C durchcﬁBhrP V\)I'I‘d° 69 \;@rfoahrven @agh Ans ueh E, woren dase HOhl en
unt er Bedi ng@g erfgl Pei® ddher® sitn MM Weseént Nchén Rri St akl i Ngr
Zust ang sl ten I\NI 7 Verfahren nach ei nem dervorst ehenden Ansgr Cche,
worin des ndigchten in einem Magneffeld durch- 5 gefuhrt wrd.
8. Verfdhten narh ane‘Frde?ArLspr‘icfzﬁe 2 bis & yorn gasIMegal fputverjjevei | s
i om{% |Ri n $Pner I\/Enge von 10- 25% vorzugsmel se 12- ZOV i nsbesonder e
12-16%| sipd B 1N erner VeNge von 3- 2Z3% VOr ZUgSWel S€ 5- 187 rmsbesgnder e
6- 18% ept hal j[«’é‘«’a e Lges VeJ;dlcghtg.)n ohr&e &n dg’ng el ges ﬁneéfeJ,qes .
dur chgesgihrt |§86 @ o «9. mVegf adred nagh ei nem
derAnspr%)éhée 1= Bi |s ~3 oder 6 bIS 8 vvorl n des Si ntem bei 9000 bi s 1300C
dur ch- |vderg gefhrt— Ispruch
9, woyifn epe?s %"gte&p bg! d;},OOC,QM@OQ,dl,;‘,[cgef'\uIgbrt vm Bd: o) fpale o .
I \”*Verfahren gichoei den® deé vor st ehen n«Ans:pr@ch@ Wor ©n dessSimtlem in
ei ner—l ni chttXiHrerenden oder in einer reduzierenden At nosphare durdhgefihrt
W|rd<15 «2.| Verfahren nach einem der vorstehenden Ansprache, {worin
des Si ntenn legér (tgercgi rrd-ercten;eDrmc@ dmclggeigﬁhg w rg. ;é_b3.3Vegfaiaren nach
Ansprugh 12, \@gi n—der Fuck I,3FPS (To2<Towr ) ~oder Wenfgef betradt. t s)
14. VenfahrenTdach einem der vorstehenden Ansprfche., worin fiir R din Vert
von 12424%undsfilr B .gin it(s) Vert von 3-27%gi | t).
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ei 'n. L
Wert von 12-20%und fOr B gin Wert von 4-24%gL. 16. Verfahren nach ei nem

der Ansprul che 4 bis 15, worin der Wertfar Co nichtne Innlﬂﬂmmullmulj
vorzugswei se nicht nehr al's 25% bEPr §5126 179 Bdrfahw il i g
Anspr Cche 4chinss 16, worin der Wert fair Co 5% oder nehr _f)etrl g'{. 18.
Ver¥éhren nach ei nem der vor st ehenden Anspr Gche, worin die Menge an

| ei chtem Selp% ’a %Wﬁm%%gga %@?fmg_ggqmaa?éé h@gég\%g?wri%g:?&eéggmpglcbﬁ&isgg(imsteps of
weni ger al5Se| entsi i ) 2—2 o?o t%%& %{ge".’ r &2t laggt one bBthe rare earth
Ver f ahren n&ﬁhes%lté?\e_gﬂogg,ed’ulv\éﬂzrirﬁi ! ?% §?@a %ﬁf‘é %i:%ffabmg@ya g;/ifegsm, ft P'i'/é‘?o"rgan)
gew hlt wi r drefetibly €@ Lr@etbst preferably 2—20 um, mean PaHIER {788 ow—1 um' béing“exciided,
0, Si und Scmfglﬁmwr%ahlﬁc Bowiteo rand %rtwbﬁhg It@tres@gaet:rf bot;/jrsegﬁw' comprEing o atcmid
20. Verfapren °l‘§?§ F'B'GPPFE&Q'W%"PP dpagnefpiesialiedf theufeel-B hvipe lvemprising @ni
. rcen 30% hergin Ri5 at least one of the rare earth ele 9

ni cht mehr m%almcgb ﬁfim—n (ée’), y heating a mixture of rare earth ox%ggpﬁﬁ%ﬁ%gﬁygagﬁglﬁgﬁ?

betrigt si nrea&iﬂgtagﬁnt to reduce the rare earth oxide, pulverizing the obtained pred

iher 20 15. Verfahren nach Anspr

) etallic powd r%ya ing
4, 7% Ni , a mean particle size of 0.3—d0,ud¥/prefetably 104D YnVmost preferably 2—20 um, mean plé‘i’cls &ng[éf
10, 5% Ta, 8-Humeing excluded, compacting said nébaftic Pdwder, and sintering the resultant 8o&% W

304 15 3. A process as defined in claim 1, whereirBt,he%q\ﬁ‘,Nd and/or Pr amounts to no less th@n 5904 Alof

' the overall r earth elements R.

0
2,5% Sb, en 4 A procets as defined in claim 1, wherefly i QiFetatiic powder Nd and/or Pr ungj}tS 4%&;8”’
5,5% Zr, uthén sthat%%f thdfoveralllare é8Ah elements R and a part of the Fe is suBbtltut r Weg éo élB

bei m Ei nsat that/the ppwesr conterisesrehmdré @rsersbain Wbtles.en Gesant nenge ni cht g;BBer
ist als d8r r56_ﬁt;§oc6§—asaqg§ ineone 19f Neraresedipg claims, wherein said metaili¢(powder opfidnally
riggs at least ane it} ] hap theya byatqmi¢ipeyce spregified
verfahren n Tu%ﬁmdfg‘iiv@a%’b WL ENEITeT M o éé’%?é?{iﬁ? L0t horca Shal b6 no
worn das Mekalel tRaH ¥ENargdstv @eﬁérﬁé&é%ﬁp@eé’ﬂd ¥ %i oblh e g@@:u‘m agided;, :
Legierungspul vern nmit der entsprechenden Zusammensetzung ist. 22. Verfahren
nach ei neém der AnsprCche 1, 4&%Tund 7-208.0%0¥i n des 8\vi# al.| pul ver ein
Genisch aus einer er - = 35%YV, : 125% ¥ srung'@Felaaus Legi erungen
mt einer Fe-B-R Basi szusam%ﬁ%f%f&’zung ungi_ggi ‘é_m Met & 4 ver mt einer fair
di e entsprechende Endzusamengeigung desz Bty i pul veys, kppl enentiren
" Zusammenset zung i st. 45 -and 5.28Hf.Ver fahren nach Anspruch 22, worin das
Met al | pul ver eine Legi erung oder Legi erungen der die Endzu- [S, 04
sanpenset zung gbj | nthilt. tS . . . .
Ver f ahr en n@gg;,A FL%%%EE,? %ﬁzng%'alefﬂe'dévgerﬁ'ﬂlﬂ\'/eecr‘)f’ EI9F gAeNEPY) es3 fondition as to yield
Bi | dungses enent A pebeéss Bs kiefnag Biedne of i bkeRedhey CIEREZMSAITTE S6hBdeiey i€ 04rha dut inkd-
Ver f ahr en nagdpetq firldn der f_\/or'steh'efnden ,‘lAnsprOche, Wor i nI des Slcgtem bIbS zu
: : ined\in an aim in saidpet mprises, by atomic
einer D Cht;%rc‘glr{{ LS4 a%}:%ﬂgbbly _éé% ol tfo %"f"ﬁ*egf‘zi?a@f, a%g@?%g@dere@@bly 5—18%,
theor et i schyid Gldrtilp) 6Ly dof) dhd ‘qgg? 2 O l‘ﬁ wiihout a'p;fm ng magnetic fi?{%
producti gn de sNmpREdsa bXdoRRGNR bhdIstafe di eaiﬁ@_@fainﬁ, herdis/ e sin 'ri%g' ’carﬁm&g Bt
| es 6tapes ©@ohgesessrl. a preparerune conposition conprenant, en pourcentage
at omi que, 8 a 30 AprgeesRas wfigechintClaim mwharein theisinteting istagive putatf 18065EINS0 ¢grees €.
des terres rarbd PUcEsy Apfsigedin Qe of '8 rypcading, Bipigs( wherein ghersinizriog 6y eaiedchyt fnea
. non-oxXidizing o d%cmg atmas; eri.- . r A | . |t ant. 3A
(Fe), t faireq206b&sd efifredGR GRS thd &chdi‘?’kg Cﬁgrﬁsgwérrein.theaiikérﬂﬁg%s {a@r?elé ou %ndbr
I ul vor i sreducpddfesquropar er une poudre netalli- Thris is the replacenen
sheet 13. A prog¢dps -as defined in Claim [DRitwhereirl the pédsstre is~133 Pa (1072 Torr} od(kds1 111
4. roc defi ifg|gne of the precediryg Claime, wherin R is 12—24%, and B is 3—27%.
11111 11111 11(5.' probi%‘fass?'def?’gd QnBCIaim ?4, vﬁereir?_R is llIVZ';——Z()%jsand B is 4—24%.
50 16. A process as defined in one of Claims 2 to 15, wherein Co is no more than 35%, preferably no more
than 25%.
17. A process as defined in one of Claims 2 to 16, wherein Co is 5% or more.
18. A process as defined in one of the preceding Claims, wherein the light rare earth element(s)
amounts to no less than 50 at % of the overall rare earth elements R.
55 19. A process as defined in one of the preceding Claims, wherein said metallic powder is selected so
that the sum of Cu, C, P, Ca, Mg, O, Si, and S is no more than 5% by atomic percent.
20. A process as defined in Claim 8, wherein said additional elements M amount to no more than the
values specified below: :

s0 4.7% Ti, 4.7% Ni, 5.0% Bi,
10.5% V, 12.5% Nb, 10.5% Ta,
8.5% Cr, 9.5% Mo, 88% W,
8.0% Mn, 9.5% Al, 2.5% Sb,
} 6.0% Ge, 3.5% Sn, 5.5% Zr,
65 and 5.5% Hf,
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_—
EP 0 126 179 B2 quo ayant un dianetre noyen de partlcul es de 0,3 A 80 Pm
avant ageusenent de | A 40 pn, de preference de A 20 t m"lm"an

moyens de particules de 3 a 10 pm et ant. excdus, A conp lm”mnre
metal li- quo et Afritter le cor &P rk3126tH48 Bi Proced6 de priepdr atsi on de
mat eri aux I u ermanents Uyt e 0 -
cem«’age atprov sﬁuﬁh:fgﬁxt%g?;ndi ;%Mayeggd ed thgtoﬁil arg(rdxptrhgrn&@;\aél bgﬁoeﬁlg}sé ag?tféean
partie des er. lAerod'e@d’é%&ieflbédG@HWdeherreo%dlﬁg Eﬁm%ﬂet&)aamia)zo WBeréif SHeOmatdiant
du for (Fedowdgas ac ey pargler d-l amixtGk adplley ghwdersdwyide stie respectiee camresitien. des
autres nﬁtle%épm?sélaﬁ‘ A Cawsa%ﬁanﬁé R wearein the mgtallie povaderis Amixy

eﬂ'ﬁed

de terre ragafé'w onFS&?f‘% %‘éﬁ ;,%E d@b%‘ bﬂ%ﬂ”@ mlﬁmeﬂ%ey
ayant un dABEM o etambmawsaaa,agevsemw ofdies |
A 40 pm dﬁnﬁbr&xﬁr eleﬁawtdef %udAfu%Dc@ﬁposﬁieus di anetres noyens de particul es de
3 A 10 pm et aﬂﬂp&ceﬂstasqeﬁ&@m @lelnmm@g@&a@ ploudw@ep@empeseﬁee%?mnmﬁéelemem(ﬂ
fri ttage a sé'érfm' oDy yant la. . reyen Lon. L4 pys
N equel Iﬁé}éﬁé %%e %@c ing m;ge é\mu%lFTc‘gmgﬁ alms, w ?rem sm enn? |s e F%EI eo X %‘BI

de |l a quan t ot af{’ es rren S al sant partle des terres rares. 4.
Proc6d6 :suRatemransgrédcheevendi cati on 1, dans I equel, dans la poudre rret al I [ que,

|l a somme des uantlte eato eest 9\? “;} rea %

e n_. t- offen des s Fe-B nnzelchnet
quantt 1= g d0ERRE At o S e ol
partie du ﬁnn@@ tenrs cieiePdelttien nsGlQ Kedietet Q——MB&*(S) Qh@alls @e@@l&dtﬁ (:Fe)'lo
cConprenng Haeigtdicwite delZudanieerseatzung tgestmsizénagjiok Idiel eehahenetliea;genesekumf iveot.tdwh A
une t enperlagigmeg ( GeIVQB@G mrdl@ooelﬂ Maeta"mlmseeree@er '\')E‘l’ﬂfenl Tejjehen 9@4 ¥

reven d I C atVOBHe%s % erzu nﬁg éja %e':'r\': rdic tet w :f?;itgﬁé&r% VE SVII:m
fagul t at | VETS forabrod Wit Rersteltd b Eﬁaﬁhﬁ QLS o6 Fe- dt 6
NON SUPLL Cinb&yeBarXinVAlo &L%Svonem—mu RC %béige nﬂtd@marqu&n Smbﬂdaﬁﬂﬁ&&Selr&bmldl&B ous
sous rese rlweempm—ZB%rE@ @eurw@dﬂﬁesnﬁls tﬁs) djeclxﬁeimzerwes ébremtns ys{ﬂemmdm ammes

IR oy D S O L S
10

8,0 % NB :Tellchengrolse von sen ist, Verdlchten des Metallpulv%rs@nd t%érn des erhaltenen
12,5 % NXoérpers. % a, 8,5 %O % M,

9,9 W 8, B Veffghvn nach Anspruch 1, wogn gle%uArne aus Nd und/oder Pr Qlcl'B weg{ggbuls 59 Appm-dep

3,5 % Sn gesamten Seltener el  betrdg at d rittage
e 1 wofrin etall rnlcle'1 em eraqs éo t m%g
est ef feptyp A°l ﬁ él ﬁ a? Aottt o itz a3y
revendi catdagrpmier eggg @nl%e & Qhilsic sement est effectub de nmni ere A
parvenir A 3s. vmhehatacrpmabqusermrsteherrdestﬁmlsd»rucrhe mePldescMéﬁllMevaﬁmebbﬁqnfaes
des revend?'eéﬂsteaﬁsm @éﬂbd@ﬁt‘i@@emd'&rm't Ie@ e‘\twe”m%f ’gﬁéhe@i’ '%f?‘%&i?‘@'gé%s
un charrp r@e% mtm:}r:ll'?é ic ro#f ?Fﬁ % ﬁz?e" vtqui ﬁll ﬁlggnj'gev;éjxd grairrz)ns
I I P % e neta P ue conp , pour centage at om que,
10 A 25 % avant ageusenent 12 A 20 % de pr6ference 12 a 16 % de R et 3 a
23 % avantageusenment 5 a B$%4gi de pref®P%riie 6 a W Bde B, et le

conpactage est effectue sa%s‘i‘y‘a Ilcatlégg?&bcharrp % 6\?4 que. 9. Proced6

swivant “4 ' une des revendic 1 a3 Isgquel to frittage
est effectud A une tem 7.0% Ge, 3,5% Sn, 5% Zr,
und 55% Hf. ' :
50° 6. Verfahren nach ‘Anspruch 1, wonn das Kihlen unter Bedingungen erfolgt, bei denen ein im

_wesentlichen kristalliner Zustand erhalten wird.
’ 7. Verfahren nach einem der vorstehenden Anspriiche, worin das Verdichten in einem Magnetfeld
] . durchgefihrt wird.
' 8. Verfahren nach einem der Anspriiche 1 bis 6, worin das Metallpulver, jeweils in Atom-%, R in einer
‘55 Menge von 10—25%, vorzugsweise 12—20%, insbesondere 12—16%, und B in einer Menge von 3—23%,
vorzugsweise 5—18%, insbesondere 6—18%, enthilt sowm das Verdichten ochne Anwendung eines
Magnetfeldes durchgefiihrt wird.
9. Verfahren nach einem der vorstehenden Anspriiche, worin das Sintern bei 900 bis 1200°C
durchgefihrt wird.
60 10. Verfahren nach Anspruch 9, worin das Sintern bei 1000—1180°C durchgefiihrt wird.
11, Verfahren nach einem der vorstehenden Anspriiche, worin das Sintern in einer nichtoxidierenden
oder in einer reduzierenden Atmosphare durchgeflihrt wird.
12. Verfahren nach einem der vorstehenden Ansprliche, worin das Sintern unter vermindertem Druck
durchgefiihrt wird.
65 13. Verfahren nach Anspruch 12, worin der Druck 1,33 Pa (1072 Torr} oder weniger betrigt.
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perature de 900 A 1200C. 10. Procede suivant |a revendication 9, dans

|l equel le frittage est effectue A une tenperature de . 11,
Proc6de suivant |'une des revendi cations pr~cedent eslilbﬁﬁml iﬁﬂuﬁhljﬂr
frittage est effectu6 sous une at E@qr n oxydan X ce. 12.
Procwd6 sui vant|'une desrevendi catTo 3gd% es, dans lequel le frittage
esteff ectt e SOWBHIAFRSRLDINEEH hEtbtehdhBen Ansprudh?, wnGGEi&in B Vei2—128% und fur B
revendi cat iadmWe voda@n27%eagjtel | a pression est 6gale ou infereure A 1,33 Pa
(10-2 tonr). 1&)@@&9@6@@&%@%@"0 Rdiégeﬁge@%ng‘éq;%ﬁﬁgﬂgﬁé@gmﬁ—éﬁ% E%ér!?yns
| equel R gs}ogé%égﬁgihﬁa‘gﬁfé"zﬂgﬁﬁxﬂ g 29 290, & VBTt SRR REN T B
quantite de 31 vedante , oy eA.%l;uSéﬁm blsas) R¥BNaE Okt 0NCols% odanBer: BaRt. R
est present ens.vaEahegaaaih difemti2r dorstéherdin ¥ngiridBe, @®tin 8l MepgeGmdaidhtepnSeltererdmetail
quantithb deoddr ?&@?tr%ellﬁerémegﬂd@flwn%argﬁ 50%-M§%ﬁﬁﬁh§amqu§;%ﬂ t?ﬁé&'i,jgté
e O Bty S A O P g3 it e

pr ~f dr.encg.%% orgﬂﬁ rd J‘:g A'ﬁ‘s gi:h%,v%m diérl\%gl é:r§U$é%n Elehidfte flicht mehr als die
revendi cat | RBistehertl digegdbarith WaHbthrageo €st prisent en une quantite egal e ou
This is the replacenent sheet 20 X, ~~~~~~ ~ L, HASI11'l111111111 EP
0126179 B2 | 1111110 LA7%ITH hil 147% Nk <C 90%BL S Mce

sup6ri gur’é A5 % talli- 10'55’4: ‘é’r 12'20/: 8. Proii%‘& ui vant 'une des
revendi cations prec6dentes, %,g%sM,I,lequel 3:§%qméntite kg, gl does | 6ments our -
| egers faisant partie des tepb®sgd,ares exi%rsan i nf 6eisemee A 50 % do | a

guantite totale des 6el nentis5RAfRfi sant partie our- des
terres rafes. ,pris 5 19. Procod6 suivant |'une des
revendi cat IrRﬁ't?erWa@&a@g,eJa b&nveirdaion 200 UBLr refr QMR MBH debfiMmeRgetnichi RSk Bt
des\/ als der groRte der sHdedeBéref WIR. [ @ some des quantites de pro-

Cu. C, Ca, Mjy21.Werfdhirenatath digant der vorstehenden Anspriiche 1, 3ti$ § undidrbissA@p@aeringias Meta|ifHiveg
en pour ceat fg]gl@g?&tnmm'pq[yer_ oder einsGemisch aus Legierungspulvern mit derpptspreshgRdeq GusapMeassizursy

revendi Catilétn Ve nesn r!acqé'lre\'\émlg' n86|I'UBC t u F}l—- ;’If"-ll s%e Q tei S
ﬁuﬁ%\&é% B b dn Gy IR 2 i SRR kb sSerMpi RN i P AR ER LS

en does 10 ddPils T edislhde irf Ke- B RLEAI 8 sRRENSIIRE BndCdindhE ME@iIver
nf e- .ae mit einer fir die entsprechende Endzusammensetzug 7 d86 Tietallpulvers kompleMenfirerD)
Ni | 30 Zusarbménsegrigi ist. set 10,5 %

V, « ,\@rfah'ygq\bach Anspruch 22, ingdas pulv ine Legierung oder Legierungen der die

8 5% Cr Endzusammenseizurig bildenden Elem‘%gt’en:zantha' t?g&’ 36 19

81 0 o ) 24, Verfahreggch OAn uch 22, worin das p&ver%lmée QWtail ein Bildungselement oder
J o Mn, Bildungselemente’ det En mmensetzung entha, © % SD, aux

6,0 % Ge,35 25. Verfahre ,nacheifdin der vorstehenden Bndpriiche, Avoriatdae (Pint@n-bis zu einer Dichte
20 durchgefiihrt wird, die Hohef liggtdls 95% der theoretisch méglichen Dichte.

Revendications
40

1. Procédé de production de matériaux magnétiques permanents du type Fe-B-R, comprenant les
étapes consistant & préparer une compasition comprenant, en pourcentage atomique, 8 4 30% de R, R
étant au moins l'un des éléments faisant partie des terres rares, y compris Y, 2 4 28% de bore (B), le reste
étant du fer (Fe), a faire fondre ladite composition, a refroidir {'alliage résultant, a le pulvériser pour

o/ 45 préparer une poudre métallique ayant un diamétre moyen de particuies de 0,3 4 80 um, avantageusement
de 1 2 40 um, de préférence de 2 & 20 um, des diamétres moyens de particules de 3 & 10 pm étant exclus, a
compacter ladite poudre métallique et & fritter le corps résulitant.

2. Procédé de préparation de matériaux magnétiques permanents du type Fe-B-R, comprenant, en
pourcentage atomique, 8 3 30% de R, R étant au moins I'un des éléments faisant partie des terres rares, y

so compris Y, 2 & 28% de bore (B), le reste étant du fer (Fe), par chauffage d’'un mélange d’un oxyde de terre
rare et des autres matiéres métalliques avec un agent réducteur afin de réduire I'oxyde de terre rare,
pulvérisation du produit obtenu en une poudre métallique ayant un diamétre moyen de particuies de0,3a
80 um, avantageusement de 1 3 40 um, de préférence de 2 & 20 um, des diamétres moyens de particules de
3 3 10 pm étant exclus, compactage de ladite poudre métallique et frittage du corps résultant.

55 3. Procédé suivant la revendication 1, dans lequel la somme des quantités de Nd et/ou Pr n'est pas
inférieure 4 50% de la quantité totale des éléments R faisant partie des terres rares.

4. Procédé suivant la revendication 1, dans lequel, dans fa poudre métallique, la somme des quantités
de Nd et/ou Pr n’est pas inférieure 4 50% de la quantité totale des éléments R faisant partie des terres rares
et une partie du F est remplacée par du cobalt (Co), de maniére que la poudre ne comprenne pas plus de

6o 50% de Co. .

5. Procédé suivant I'une quelconque des revendications précédentes, dans lequel la poudre métallique
comprend facultativement au moins I'un des éléments suppiémentaires M en une quantité non supérieure
aux valeurs, en pourcentage atomique, mentionnées ci-dessous sous réserve que, lorsque deux ou plus de
deux éléments M sont ajoutés, leur quantité totale soit non supérieure & la plus forte valeur parmi les

65 valeurs mentionnées des éléments réellement ajoutés:
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20 11. Procédé suivant 'une des revendlcatlons précédentes, dans lequel le frittage est effectué sous une
atmosphére non oxydante ou réductrice.

12. Procédé suivant I'une des revendlcatlons précédentes, dans lequel le frittage est effectué sous
pression réduite. .

o/ 13. Procédé suivant la revendication 12, dans lequel la pression est égale ou inférieure 4 1,33 Pa (1072
25 torr).

14. Procédé suivant 'une des revendications précédentes, dans lequel R est présent en une quantité de
12 3 24% et B est présent en une quantité de 3 a 27%.

15. Procédé suivant la revendication 14, dans lequel R est present en une quantité de 12 3 20% et B est
présente en une quantité de 4 3 24%.

30 16. Procédé suivant 'une des revendications 2 a 15, dans lequel Co est présent en une quantité non
supérieure & 35%, de préférence non supérieure a 25%.
C 17. Procédé suivant |‘une des revendications 2 & 16, dans lequel Co est présent en une quantité égale
L ou supérieure 3 5%.
18. Procédé suivant I'une des revendications précédentes, dans lequel la quantité du ou des éléments
35 |égers faisant partie des terres rares est non inférieure a 50% de la quantité totale des éléments R faisant
partie des terres rares.

19. Procédé suivant I'une des revendlcatlons précédentes, dans lequel 1a poudre metalllque est choisie
de sorte que la somme des quantités de Cu, C, P, Ca, Mg, O, Si et S soit non supérieure 3 5%, en
pourcentage atomique.

40 20. Procédé suivant la revendication 8, dans lequel les éléments suppiémentaires M sont présents en
des quantités non supérieures aux valeurs mentionnées ci-dessous:

4,7% Ti, 4,7% Ni, 5,0% Bi,

10,5% V., 12,5% Nb, 10,5% Ta,

) a5 : 8,5% Cr, 9,5% Mo, 88% W,
o/ 8,0% Mn, 9,5% Al, 2,5% Sb,
: 6,0% Ge, 3,5% Sn, 5,5% Zr

et 5,5% Hf,

50 sous réserve que, lorsque deux ou plus de deux éléments M sont ajoutés, la quantité totale de ces éléments
soit non supérieure 3 la plus forte valeur parmi lesdites. valeurs mentionnées.

21. Procédé suivant I'une quelconque des revendications 1, 3 2 5 et 7 3 20 précédentes, dans lequel la
poudre métallique est une poudre d‘alliage ou un mélange de poudres d’alliages dont la composition
correspond aux proportions respectives.

55 22. Procédé suivant I'une des revendications 3—5 et 7—20, dans lequel la poudre métallique est un
mélange d'un ou plusieurs alliages ayant une composition de base Fe-B-R et d'une poudre métallique
ayant une compaosition complémentaire, permettant d’atteindre la composition finale, en les proportions
respectives, de ladite poudre métallique.

23. Procédé suivant la revendication 22, dans lequel la poudre métallique comprend un ou plusieurs

60 alliages des éléments constitutifs de la composition finale.

24, Procédé suivant la revendication 22, dans lequel le métal pulvéruient comprend un ou plusieurs
éléments constitutifs de la compaosition finale.

25, Procédé suivant I'une des revendications précédentes, dans lequel le frittage est effectué a une
densité supérieure 3 95% de la densité théoriquement possible.
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