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demagnietization curves of a M-free magnet, a Nb-containing magnet (Table 1 No. 3) and a W-containing
- magnet {Table 1 No. 83), respectively.
- An increase in Hc due to the addition of M provides an increased stability and wide applicability of the
- permanent magnets. However, the greater the amount of M, the lower the Br and (BH)max will be, due to
s5 thefact that they are nonmagnetic materials {except Ni). Since permanent magnets having shghtly reduced
(BH)max but high Hc have recently been often required in certain fields, the addmon of M is very useful,
however, provided that (BH)max is at least 4 MGOe.
To ascertain the effect of M upon Br, Br was measured in varied amounts of M. The results are
summarized in Figs. 7 to 9. As seen from Figs. 7 to 9, the upper limits of the additional elements M (Ti, Zr,
60 HF V,Ta, Nb, Cr, W, Mo, Sb, Sn, Ge and Al) other than Bi, Ni, and Mn may be chosen such that Br is at least
equivalent to about 4 kG of hard ferrite. A preferable range in view of Br should be appreciated from Figs. 7
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due to extrenely|hi-gh ygpor plegsbsce—sB21éENI-O@, 11  EP3§¢ 06948 Bl TABLE
2-1 ( BH) max Sarrpl > No. - Conmpositions (at% (M3Pe)* 5 1
Fe- 2Co- 8B- 15Nd- 2\ - 27 Fe—3500—$B2-25Nd—1Cr Fe 5Co148B- I5N9W 0. 5Al
.35.2 10 i 3 F- - - 5INd- 4A '
11.5 £° Fe- 10004478 17rucf°0'2%°ﬁr83—‘3'§"c‘9°g"z" 12.7 3
Fe- 10Co- 8B- 16Nd- 1Al 29 pe_5c°3.1756_11|5d_6m,, Fe28{Co- 8B- 12Nd- - 0. 5Al
&_)0 7 "N+ Fé- 35C0- 6B- 24Ng- 5 10.5 20
- Fe- 5Co4{17B- 18&d- 2. 5T|Fe—1°C°-98—15Nd—-1ﬂm 09 210
'Fe 1CE6 13B- 14Nd{ 2Ti Fe-2 -12B{16Nd- 1Ti
22.1 25 11 Fe. 35co- 8] FERAG S Tohe—1Mn 2078712
- -Fe-35Co- 6B-25Nd- (. 3Ti 32 Fe—20C3~468014Nd—0.2Mn 17.1 13
Fe- 2Co-88- 16Nd- 2 24.0 14 ffe- 5Co- 6B- 15Nd- 0. 3V
0 31.1 38 - e- 5C03BB- 14N|-F8V20Co—TB—14Nd—Mn |16 3145 16 " Fe-
10Co- 17B- 15Nd- 1V 120Co-, 12Ng- 0. 5V
21.6 40 ¥ g Riaftotba—apna—ipn 120 17|’\1‘g§3 1V
17.2 19 e- 35Cags 6B- 25INFel-5Co—88—15Nd—1Zr 15. 2329
Fe- 2C#68B- 16Nd- 2 - 22.4 45 *1MXe=7.)96 [ ERR] Fezbal ance Fe
50 60 65 12 36 Fe—10Co—9B—14Nd—12r 322 :
37 Fe—10Co—17B—16Nd—62Zr 12.9
40 38 Fe—10Co—6B—20Nd—0.5Zr 18.1
39 Fe—20Co—88—12Nd—0.5Zr 25.6
o . 40 Fe—20C0o—20B—14Nd—0.32r - 13.2
_ AN 45
. *1MGOe=7.96 kJ/m?
Fe=balance Fe
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EP 0706 948 Bl TABLE 2-2 (BH)max Sanpl e No.

Corrpos.itions (at% -

(M3e)* 5 21 Fe- 5Co- 20B- 15Nd- 0. 5Cr 12.0 22
Fe- 5Co- 7B- 14Nd- 4Cr 18.1 10° 23
'Fe~10Co- 8- 15Nd- 0. 5Cr 32.7 24 - Fe- 10Co- 17B- 12Nd- 0. 2Cr
1 25 Fe- 20Co- 8B- 15NdEfP 9106 948 Bt 31.7 15 26 .
Fe- 20Co- 8B- 15Nd- | Cr . 30. ﬁBg%g_ . . Fe-35C0-6B-25Nd-1Cr
14.7 20 28 Co- 2R 13Nd-0 _5Mh
.30.1 29 Fé- 5Co- 7B- 14Nd} 1Mh $5. lBMhax
Fe- 100%-95- 15Nd- | Mh Semple No. Compasitpng GtAR) | FeMZO@s- 8B{ 16Nd- 1Vh
249 3 ' FE—20Co- bI:i-J.4 -0, 27N _ . | L/7. 1 '- '
33 Fe- 20Ch- 7B- 14 e—98C0m6B—20N—12r 14]5 34“%} |
Fe- 35Co- 9B- 20Nd- 1| Mh 42 Fe—-sdo4~8§—35Nd—1Hf fFo- 5Cez.B- 15Nq:|-| Zr
32.3 35 36 ' Fe- 10Co- 9B- 14Nd- 1Zr _ 32.2 37 -
Fe-10Cd21 7B-16Nd}{6zr Fe—10Cp2-98—4Nd—1Hf 32.0 38
Fe- | OCo- 6B- 20Nd- 0] 52r 8..Jo 39, Fe- 20QCp- 8B- 12Nd- 0. 5Zr
25.6 40 Fb- 2000%%0B- 141 *‘?&% 1SN st 13. 295 *| MBOe=7. 96
kJ/ 8 Fe=bal ance Fe 50 3% 60 6% Fé320co—BP—N¥6DAEEf BL | TABLIZ.2- 3 (BH)_ max
Senpl e No. Cofrposi t i ons (af é) g p) * 41
Fe- 35Co- 6B- 20Nd- | gr .7 46, e—34§00205—14Nd—0.3Hf Ca_ 5CH28B-1 5Nd-1 Hf -
32.2 10 43 B- 14Nd- 1,
H
32.0 44 Fb- 10C0 17B- 16 NJ?E??CHE_ZM P 131 44? | |
Fe- 20Ce» 8B- 12Nd- 0| 5Hf 48 Fe—100Z-8B—46Nd—0.5Nb  IFe- 2083 20B- 14Nd- 0. 3Hf-
2@/2 47 Fé- 35C0- 6B- 20NfI- 1 Hf ' _ 15.7 20
| Fe- 1Cp- 8B- - $BNd- 0. 5Np—2Co—88—14Nd—1Nb3 3 49 ~ 365
Fe-2Co-8B-14Nd-1 Kb 4 Fe_;'gbo_ag_,s”d_os“b Fé- |oc§3§|3-| 5Nd- 0. 5Nb
33.4 25 51 Fe- 1000- 7B- 1480 L °NG 33.1 -
. 51 Fe—10Co—78—14Nd—1Nb 33.1
o 52 . Fe—20Co—93—14NH.5Nb 33.1
30 83 Fe—20Co—8B—15Nd—1Nb 31.3
54 Fe—20Co—178—13Nd—6Nb 10.7
56 . Fe~~20Co—8B—15Nd—8Nb 148
35 '
Q 86 Fe—20Co—6B—25Nd—1Nb 16.8
N 57 Fe—35Co—7B—15Nd—3Nb 21.6
<0 . 58 E fe—1Co—8B—16Nd—0.5Ta 325
_ ‘59 Fe—2Co—8B—14Nd—1Ta 31.5
~/ 60 fe—10Co—8B—15Nd—0.5Ta 32.3
45 g
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Fe- 20Co- 9B- 14N- 0. 5Nb 33.1 30

Fe- 20Co- 8B- 15Nd- | Nb 31.3 54 '
Fe 20Co- 17B- 13Nd- 6Nb 10. 7 55 Fe- 20Co- 8B- 15Nd- 8Nb
14 35 56 Fe- 20Co- GB- . 16.8 57
Fe)38Co- 7B- 15Nd- 3Nb %1%% B1 " 58
Fe-1 Co-8B-16Nd-0. 5Ta 32.7ABEE 2—4 Fe- 2Co- 8B- 14Nd- | Ta
31.5 60 Fe=—t+tCo—8B—15Ng=—o0—"5F= 2 zBé;*ll‘v‘”:b 7.96
kJ/ n8 Fe=bal ance Fe 20 55 60 6% .14 06 948 BJ_ T a2-4 ( BH) nax
Sanpl e No. Compos PETBRN at f/c)c°mp°s't'°"s (ot (MeOs) * (MGRe)
Fe- 10C0- 7B- 14Nd- 1Ta &1 | Fe—tdco27B21ana—11a  F&- 2009 9B- 14d- 0. 5Ta
31.5 10 ' 63 Fe- 20Co- 7B- 6I\\d- | Ta
30.3 64 Fg- 20Co62 5B- 3N F=x20Co—9B—14Nd—0.5Ta 1(. 5 681.5
Fe- 20Cg; 8B- 15Nd- 8fa 6.15 e- 2QC0- 6B{ 25Nd- 1Ta
15.6 67 Fo. 35C0%B 1 58 Ff’?%"z]a“"’&_‘s%‘”a 20. 0 2%"%60
68 _ Fe-1 Co- 8B- $pNd- 0. b¥b—20C0—15B—13Nd—6Ta 1 69 105 F¢- 2Co- 8B-1
5Nd-1 M 34.7 70 - Fe- 10Co- 8B- 16INd- 0. 5Mb
33.0 25 71 . Fe- 18%0- 7B- 1 £#20C0o18B—15Nd—8Ta 31. U672
Fe- 2@0 9B- 14Nd- 0/ 5Mb . 0.30 78.
Fe- 20C0- 6B- 16Nd- 1| Mo~ Fe—RpojedumsNa—tTa Ll 0158 1p 1hiy 2N
14.6 75 . Fe- 20Co68B- 13Nl Ff6M5Co—7B—15Nd—3Ta 14.3 240 76
Fe- 20Co- 6B- 25Nd- 1 Mo 16.4 77 Fe- 35Co- 7B- 15Nd- 3Mb
18.8 46 ) 68  7g| Fe—1Co—8B—pNd—Q:EM R | 5Nd- - HW
336 79 N Fb-2C0- g8 | 6Nd] BWoeo an 1s 3%.2 8
Fe- 10C0- 8B- 16Nd- 0] 5W rgeaongye S 8f SR Co b ance Fe
50 55 60 65 15. 70 Fe—10Co—8B—16Nd—0.5Mo ' -
25 .
7 Fe—10Co—7B—14Nd—1Mo 31.0
72 Fe—20Co—9B—14Nd—0.5Mo 31.0
o - 73 Fe—20Co—6B—16Nd—1Mo 322
74 Fe—20Co—17B—13Nd—2Mo 146
75 Fe—20Co—8B—13Nd—6Mo 143
35 : - .
Q : 76 Fe—20Co—6B—25Nd—1Mo 16.4
" ' 77 Fe—35Co—7B—15Nd—3Mo 188
w0 78 | Fe—1Co—8B—15Nd—0.5W 33.6
| 79 Fe—2Co—8B—16Nd—1W 32
N - 80 | Fe—10Co—8B—16Nd—05W- 33.7
45 r—
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.EP-0106948 Bl1 TABLE 2-5 (BH)nmax Sanpl e No. | Co'rrpositions (at%

(MXe)* 5 81 Fe-1 Co- 7B- 14Nd- 1W 33.3 82
Fe- 20Co- 98- 4Nd- 0. 5W - 32 5 10 83
Fe- 20Co- 8B- 15Nd- 1W ~ Fe- 20Co- 17B- 13Nd- 2W
5 85 Fe- 20C0- 8B- 13|\|dERS\n106948 B1 ~16.2 15 86
420C0- 6B- 25Nd-1W" " T 168875 Fe-.35Co- 7B- 15Nd- 3vv
18.4 20 383 Ee-5Ca- RR-LRMJ.(‘«:
22.2 89 - . Fg-- 10Co-9B- 14Nd- 2Ge | 118HREx Fo
Fe- 10C0-'17B- 16Nd-- 0. Sample No. Comm't@nisatm - |Fe-¥8Ce8)*6B- 20Nd- O. 5Ge
172 92° Fe{Z0C0- lmdT 7513 30 '
93 " Fe-20bo- 2OB-§{f S%EK’&*’B—“N‘H 10.5]04 333 .
Fe- 35Co- 6B- 20Nd- | e Fe—30Lol-98514Nd—0.5W  Fe- 5CosHB- |5Nfﬁl | Sb-
13.2 35 Q- 96 Fe]10Co: 9B- | 4Nd:.0. 5Sb
15. 4 9P - Fg- 10C0817B- 16N\fe-1205o—8B—15Nd—1W 11 1 ¥
98. " Fe-20f0- 6B- gONd- 0. 1. 2199 N A
© Fe.20Co-8B 12Nd- 1] 25p & Fi’l"?‘" o2 Fe- 2047 208- 14Nd- 0. 5Sb
! 10.5 45 *| MGO==7. p6 [ERB§" Fe.baIFa-RMoEe%mm&sﬁl) 65|16 16.£P 0106948 Bl
. TABLE &6 (BH)max| Sanple No. - |Conpositions (at% | - oo (MXe) ¢
. 101 © .- Fe-B5Co- 6B 20Nd- bFss Co—8B—25Nd—1Wj0. 21102 80 |
'Fe-5C0-8B-15Nd=1Sh ~~ o 20, o eaa
: e : - 87 - . F 5 W : .
Fe- 10Co- 98- 14Nd-0['5sn .~ [P Zé—%iilao 4 oob 17e 16w )
0.5Sn 20 . 11.p 105 88 - IFe-Q&GeaB!é-BSIQcDNGeO 5Sp .222 15.1
106 - - Fe-2pCo- 8B- 12Nd B 15.0°107 = - |
Fe-20Co0- 20B- 14Nd- p. 5Sn % F°—’°°2UABT643“—263 | Fe- 3‘5‘@-6@ 20Nd- 0. 5Sn-
10.9 109 % Fel DB ARNdeRaZBree | 142 31.5 110
Fe- 10Ge- 9B- 14Nd o 5B p9.6 111 . _17B-16Nd- ] Bi
16.0 _ _ : 91 - F_e-—ZOCo-—GB—-ZONd-—O 5Ge : 17.2
. | 2. . | Fe—20co—8B—12Nd—03Ge | 263
o s Fe—20Co—20B—14Nd—0.5Ge . 105
| s | Fe—35Co—6B—20NG—1Ge 10.1
o % ' Fe—5Co—8B—15NG—1Sb 132
O: L - Fe—-1OGo-.-98—14Nd—O.SSb_ 15.4
' B " 97 . | Fe—10Co—17B—16Nd—1Sb . | © 1.1 .
w0 | e | Fe—20C0o—6B—20Nd—0.1Sb 22
" | 9 | Fe—20Co—8B—12Nd—12Sb |. 120
o .| 10 | Fe—20Co—20B—14Nd—0.55b 10.5
45 . - - — - —

*1MGOe=7.96 kJ/m?
Fe=balance Fe.
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112 . Fe-2000-6B-20Nd-38 - - . - -16.8 113 | -
Fe- 20C0- 88- 12Nd- 1. 5B - - 20,0 114" Fe-20Co- 208 14Nd- 1Bi -

10.9°115 . .. . Fe-35Co- GB-ZC]\ld 0581 18,2116
Fef’58p- 8B- 15Nd- 1N| - 117 Fe- 1 0Co- 9B- 14Nd- 4Ni
17%4118° © - Fe<10Co- 17B-|6Nd'-=(!’ 9\|i|°6948 B1 16.2 119
Fe: 30Co- 6B- 20Nd-5Ni - .~ . - 15.8 * IM¥agid 296 [ ERR] Fe=bal ance Fe 60 65
L EP 010694881 TAﬁ 2=7-{BH-Fre—Sanpl-e—No Conposjitions (at®
(NEOe)* 121 - Fe2 ,ec(?\l 205— ]C4Nd 1N | . (BHImax 15.3 122
Fe-~35C0- 6B- 20Nd- 3Ni.. _’ i ompositions (at%) 15 3 1()  (MGOe)* 123
Fe~5C0- 8B- 15Pr - 1Al 0 T R .*:--Fe—asco—ss— 4 |
Fe-10C0-9B- 14Pr-1W . =" ZON*éég% 1p5 102
- Feé-5C0-17B-14Pr=-2y| < 12 0 Fo—6Co—8B—15Nd—180. 7 176 202
- Fe-10Co- 8B--16Pr*-.0.. o '.,-,03 PR Fe—toC 23.2 1P7 , |
.Fe- 20C0-8B- 17Pr - 0. |5|vh o—9B—1aNd—94Sm 2p 261 128
+ Fe- 20Co-8B- 15Pr - 17 - v+ g -+ ¥ .-Fe_1oc°__173_16N D9 -
“Fe- 10Co- 7B- 14Pr - TNb- aze o] ¢ %5%30 n2
. Fe- 10C0- 7B- 14Nd~0.BAl - 1V Fe—20Co—68—-20Nd—2—9.55n 25( 131 15.1
Fe: 10Co- QB- 15Nd-2 - 0. 5:-336--' o 22.8 1B2 - o
_Fe 2000- 8B--14Nd- b- 0. 5W6D; SGe ____Fe—zoCo—-zos-14r?d"—~o]sst34 104 o
+'Fé-.20C0- 15B- ['5Pr.-.0..52r - Q: 5Ta- 0: bNi- 1,35 o
. Fe=10C0%A78-10ONd-.5Pr = 0. 3% - _..--_':-Fe—3500—68—20Nd—q.55n2 136 109 o
Fe:10Co- 8—.BNd\ THOSTAL  aeg - < i 19. 9 137 S
6~ 10C0- 7B- ONd-5Er-1-Mi . -_..,:.Fe—SCo—SB—ISNd—O.QE’ 140 @ 138
ONd~5G(- 1Cr - ti0 Fe—mCo—ss—mNd—@éB S 139 .96
-.5la>1 ‘Nb: 3 140 -

_ Ta -'Ee-—1OCo—17B—16Nd—zgu 1 45 14160
ok Dj--l L R 9.5 %1M3e=7.96 KJ/ nB 50
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Fe=balance Fe

The relationship between the crystal gain size and the magnetic properties of the Fe—Co—B-—R base
magnets will be described in detail hereinbelow.
The pulvenzatlon procedure as previously mentioned was carried out for varled periods of time

55

selected in such a manner that the measured mean particle sizes of the powder ranged from 0.5 to 100 um.

In this manner, various samples having the compositions as specified-in Table 3 were obtained.
Comparative Exampies: To obtain a crystal grain size of 100 um or greater, the sintered bodies were

maintained for prolonged time in an argon atmosphere at a temperature lower than the sintered

temperature by 5—20°C.

© 60

From the thus prepared samples having the compositions as speclfled in table 3 were obtained

magnets which were studied to determine their magnetlc properties and their mean crystal grain sizes. The
results are set forth in Table 3. The mean crystal grain size referred to herein was measured in the following -

manner:

The sémples were polished and corroded on their surfaces, and photographed through an optical
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microscope at a magnification ranging from %100 to x 1000. Circles having known areas were drawn on the
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fol I owéd IR FURY B P ‘feﬁ PUge; Snteingy PItY %6 M™% magnetic field then
~sintering. Rernanent magnets departing fron1the scope of the 20 EP-
i0Tti'6948 Bl present invention are-also shown with mark *. It is noted that
‘the preparation of sanples were substantially identical with that of the
Fe- Co- B?R base magnets. Fromthe sanples having the conpositions as shown
in Tables 4-1 to 4-3 were obtai ned nagnets whose nagnetic properties and
‘mean crystal grain size were measured. The results are set out in Table 5
‘4-1 to 4-3. TABLE 4-1 10 :

‘Mean ce9stal (BH) max No. Conpositions (at%

tgrain size D [ERR] (M3Ce)* 1 : - .Fe- 2Co- 8B- 15Nd- 2Al

4.8 _ 29.5 15 N 2 ' Fe- 30Co- 17B- 13Nd- 4Al
T4 17.6 3 Fe- 10Co- 13B- 14Nd- 2Ti

10.1 s 16.6 4 . . Fe-10Co- 13B- 14Nd- 2Ti

: E(QB 4.3 20 5 ' Fe- 20Co- 13B- 16Nd- 0. 5Ti

'3 27.5 6 " Fe- 35Co0- 8B- 20Nd- | Ti
- 25.0 - 11.2 25 _ 7 Fe- 2Co- 17B- 16Nd- 2V
550 40 8.3 8 Fe-'20Co- 12B- 12Nd- 0. 5V

5.2 ' 21.5 9 . Fe- 35Co- 6B- 20Nd- 5V

13.5 10.7 30 10 . . Fe-5Co- 7B- 14Nd- 3Cr

8.7 - 16.0 11 " Fe-35C0-6B-23Nd-1 O ..

18.8 45 7.4 35 12 - Fe-15Co- 16B- 15Nd- 1. 5Mn
21.2 ... 14.6-13 Fe- 5Co- 8B- 17Nd- 3Zr

. 37.5 S 23.1 14 Fe- 10Co- 20B- 15Nd- 0. 5Hf

28.0 12.6 40 15 - Fe- 35Co- 7B- 20Nd- 2Hf

11.2 4 15.4 16 Fe- 3Co- 8B- 14Nd-1 Nb

5.0 36.0 45 17 Fe- 10Co- 7B- 17Nd- 5Nb

10.7 18.8 18 Fe- 5Co- 15B- 14Nd- | Ta

16.2 _ 11.4 19 Fe- 35Co- 7B- 15Nd- 3Ta

7.6 7 20.8 20 - Fe- 2Co- 8B- | 5Nd- 0. 5Mb

¥6.5 . 33.5
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*1M3Xe=7.96 [ERR] 55 Fe=bal ance Fe 60 65 21 EP 0 106 948 Bl TABLE

4-2 Mean crystal (BH) max No. Conpositions (at%
grain size D[ERR] (M3e)* 521 . Fe-10Co- 9B- 14Nd- 2Mo
9. 28.5 22 Fe- 20Co- 17B- 15Nd- 2Mb
22.4 70 EP30 106 948 B¥e- 20C0- 17B- 14Nd- 6Mb
14.7 24 . Fe- Z%:Po 7B- 25Nd- 1 ‘Mb

. __15.4 25 Fe- 35PEE 17Nd- 3M0 -
22.8 ~ 16.9 15 26 - Fe-2Co- {B-1 7Nd- 0. PW  pagnetic properties
11. 2 32.2 27 T FelMetn cA @B 17NdrmalV -
35.1 . 26.3 20 [2@rain size | codfiziedOChH- 8B- 14Nd- 1W | (BH)max
38 No. Compgsitionsg(at%) ‘Fe-l2d2dum); ] 10589 {%4{¢) | iHc(kOe)* | Br(kG)* |(MGOe)*
47.0 %1 | ro—zB31enad0 - Fe-?_@_go-8B-I4 BV |, ; "
27.3 AR5 31 . . | Fer3500l7 N?%ﬁd sy 0| OF 0
12.7 | *2 | Fe—8B216N@2 ~ - - Fe-ZG(BO 8B{14Nd14Ge | 95 12.3 33.2
18.2 |, . 10.7.30 - Fe-| OCp- 9B- 16Nd- 0. 55b
9.7 3 | Fe—3pB—g5Ndy Fé-z'ééo 17§3- 15R€ | sn 28 1 13
6.0 |+ |redgedagly - = Fe-|209q 6B- 2ONdp 3B 148 | 45 42

| 6.2 | 16767353 - . | FeT5Co-§B: 15Nd <] .

' 16.8 | *5: | Fe—10Ga-E5BIBPr 'He-20Co- 10B- 17Nd- 1Nl 0 o | o

© 8.4 - e 19.2 40 38 Fe 20Co} 7B- 16NH- 1 Cu '
23.2 | " F°_63§9'81°§9'1_3N_d, ~ 'Fd-56d-8B 15Pr %9 | 06 79 28
4.4 *7 | Fe-26c3—1dB—14pPr Fe-|1¢¥go- 10B{ 17Ppod W | o 5.7 18 |°

i 26.4 45 *1MGE0e=7. 96 kJ/nB .Fe=bal gnce .Fe 50 55 60 65{22  [EP 0106948 Bl
TABLE |48 MeEarT49€g-st78—15Nd (BH) ngx M85 Conp@itipnst (atpPy 61 | 1.4

grain |sige " Fe- 20¢0- 8B- 15Pr | 27 : :
4.6 ¢ FE"?E‘]’Z‘ZEZ‘W Fe- 15do- 88.1 Wp- pwee | 104 | 1es

_ -5P o .
7.3 10 | Fe-243Cd—#B—15Nd - - 43 28 Fe110CogB- 1pNdggLar 1Tz 0.|5MB.
12. 3 : : 17.8 44 Fe- 2QCo- 12B- 12Nd- 3Ho- 2 0. 5Hf
2.8 11. Fe—5000-38B4515Nd  Fe- 2000- 98- 11 INd- 49)96 1AI}+ 0. B®x - 87 5.5
141 142 |reb6ciBefvoha - | 200 | om 64 | 13 | 252

13 | Fe—30Co—17B—15Nd - 36.5 0.08 5.2 8.6 13.6
14 | Fe—15Co—16B—16Pr 68.0 0.09 36 | 102 | 94
(O |15 |Fe2co—7B—15Nd 56 0.09 86 | 121 | 319
| 16 | Fe—5Co—7B—15Nd - 65 . 011 “g0 | 125 | a2
17 | Fe—20Co—11B—8Nd—7Pr 17.5 009 | 63 95 | 147
18 Fe—10Co—11B—7Nd——3Pr—5La 23 0.10 a8 | 127 9.8
~ e Fe—3OCo——17B—22Nd 135 - ' 0.08 44 | 54 48
20 | Fe—10Co—10B—5Ho—10Nd - | 19.0 0.10. 6.6 89 | 157
21 | Fe—10Co—10B—13Nd—2Dy—1La| 15,5 0.10 68 | 100 223
22 | Fe—20Co—9B—10Nd—6Pr—1Sm | 10.3 010 | 57 | 104 215
'[ 23 | Fe—15Co—78—14Nd—2Gd 76 | - 010 a7 | 97 | 187
55.  *1Kk0e=79.6 KA/m
1kG=10"" Tesla
1MGOe=7.96 kJ/m?
Fe=balance Fe

60 The embodiments and effects of the M-containing Fe—Co—B—R base magnets {Fe—Co—B—R—M
magnets) will now be explained with reference to_the following Examples given for the purpose of
illustration alone and intended not to limit the invention. o

Tables 4—1 to 4—3 show properties of the permanent magnets comprising a variety of Fe—Co—B—
R—M compounds, which were prepared by meiting and pulverization of alloys, followed by forming of the
65 resulting powders in a magnetic field then sintering. Permanent magnets departing from the scope of the
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Were a tetragonal system conpound having macro unit cells occurs,
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-€- 15Pr - 8B 44 | Fe—20Co—12BENBNRBOMRLow—os5Hr | 8.8425 12.[30 33

~e- 15Nd- 8B | . - 8.80° 0 12.p3%8 3
Fe- 15Nd- 8B- 1Ny . 45 Fe—20Co—8B—11Nd-“4Dy—1A—-0.5Cr | 8.82 141 12 25 4186
- -5 _ M . n
ge 15Nd’|:2|_31£_14§|\ld_8§—1000'—78—10Nd—5Gd—1W—0.5_Cu ._8' 80 283 1§' g Na 14.21 6
Fe- 20C0- 15Nd- §B 47 Fe—12Co—8B—13Nd—1Sm—1Nb | 8. 78 g0 12.20 Ty |
Fe- 20Co- 15Nd- §B- 1V 8. 83 12. 35 8
Fe- 20Cm015Nd- §B-4BSi Fe——5C0—7B-—14Nd-—1Ce—1Mo .. .1 8.81.94 12 1o o83
Fe- 6Nd- 6B~ bogly- - 2.87 -] 40
o e i | Fe—20co 8B iR B, ‘ﬂBng’ghedr al "% g g0 %3 19 50
B.: (*) indicated as hexagonal [ERR] nm 45 Fe=bal ance Fe (ii) Were

'-al d t efsr agonmbosyssskne®onrpound has a suit abl e ‘crystal grain size and,

besi des, norfaakaeece Ee phases occur -which contain muich R good nagnetic
‘propertles suitable for permanent nagng ta? gadre obt ai ned. “50 Wth the

per manent magnet_materials the fipe particles having a hi-gh anisotropy
constan, are ildeal |y separated indjvi dual | y [rom amfgnaﬁwﬁrbwmeby ‘nonfgagnetic
;phases since [a-high Hc is then obt Mesredystdlo-ttis—em—tte l‘cacllbc of 1-

% b (
vhac ob 1s%ho | " nERARSed BOE TR TR | MR BBl TS chcni

a vol urng ratid betwgdegopd—ooNd 45 vol| % peef er pbl yg bet \eey 2 and é¢0 vol % The
‘pregsence of 49% or Hi gher of the n¢pnmagnetic| phases ils not p5 prefefable.
The.onmagnet ijc Phage83Fer-d2BeddNdéy conpriPsed pf "heerqetddli ¢ cohPpound
phases contai rfi |Ie oxi-de phapes_gerve paptly effectively.
(i) Tge. aforegg','l SH F&J%_Ig\g@ype t_etrggona s?s em coﬁ'_{i:)omds i)ccu in a

Wi dé conposi tijons rame...mﬁ_haus cont ai ayng, | i n<addi §i ogot of t her Fe- Co- B- R
‘base conponent|{s, ong or -nore additjonal elengents .60 and/of inpurifies
eqntrained in tlhe"pr qc®e—8f—1¥Ndducti on'€an a] so<kxhi hi t &3oof pgg?ran nt
maghet propertTe€s, as long as the g or phases are conprised of tetragonal
[system conpwdpmrﬁsmggo@rc%mpa,faﬁ@r&;{abl e 6 the conpounds added wi th M based -
fon t he Fe- B*Rowy3t.emrexhi bit the tetragonal systemas well as the _
‘Fe- Co- B- - R- kG195t Beslacoppounds al so does the sane. Detail ed disclosure
regardi g ot! e58% &®nal el enents M as disclosed in EP-A-101 552 is

‘herew t*h ref iﬁ&o&?th@%eﬁ%eﬂ%ﬁ&i Rred 6ARPGhiRd BEbmpfes of the Fver? | Ths
af or esai dbafsuﬁhdmvna helMpErée ¥R OITB —BS RYa & TN Bt .On thisFigare Srefatenéd riamarkit 1PL3Qéh6le
good per mhn@nmagmgmmrsgurasah aviidme triagnet,co Mb@ontaitipg imagriet Y¥abfe 44-1 No.,20Nand &,
:Be, Sr, wg"“ Ehmagyet (fablesg—1 fita. 16]ogll ofgwhighsboyvthedooprsguaranass bﬁ?@éjfoaseménem he

Fe- Co- B Ff“?%iﬁ oo 4 SO oRUSHBD SATBIMALPIAS 175 BRFS MALAD M Srion as .

In Table 5 comparative samples with marks * are shown, wherein *1—*3 are samples departing from
the scope of the present invention.
From *4 and *5, it is found that Hc drops to 1 kOe or less if the mean crystal grain size departs from the
so Scope of the present invention.
Samples designated as Nos. 21 and 41 in Tables 4—2 and 4—3 samples were studied in detail in
respect of the relationship between their mean crystal grain size D and Hc. The results are illustrated in Fig.
11, 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 moderatély when D is above that range. Even when the composition
.65 Vvaries within the scope as defined in the présent invention, the relationship between the average crystal
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beehentiirely unknown in the art. It is thus new fact that high properties§ .4
suitabl e for permanent magnets are 5 obtained by form ng the najor phases §: 4
wi th these new conpounds. In the field of R-Fe alloys, it has been reported
to@ﬁrepare ri bbon nmagnets by nelt-quenching. However, the invented magnets 3
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and in anﬁ&&ﬂ I dtr% %oJﬁQanayadadtaﬁaha aliditiah tb 86) Co(B) RRAE M, iwipairiasinighed | -
at [ ERF] adeGentrdin greinnin aliegmoceei o2Pdduegior{ ds b5 thorasp forafe Fe—Go—rBryR dystdm.action f. -
has indicated that the major phase or the sintered body is a tetragonal

system c m?%bﬂ:"’ §3n§ d;gtt cnemco aa peimianent WG hﬁs Yaded 'Bn REF R Blse

(1221 Aoy, 9&%.: # b inSghktic prépens dliSthe
found bo fdet thét theFitjc? phdd &S&mﬁd)ﬁitab ammsmmw t"e’@é'geﬂdlsdvgtalEﬁfthm——BBRam Axajreadgi ch | -
anount t dis@@sedpihe FedCeherB ofpe alensragn'et altpvcm whiits Buriecnoint. Agvyikh be disqrssed
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hi ghest val ue of one of 65 the individual elenents M added. i




2F" - EP 0106 948 Bl The af oresaid fundarrent al tetragonal system conpounds"
F stabl e and. provi de good permanent nagnets, even when they contain up to
bof H Li, Na, K Be, Sr, Ba, Ag, Zn, N, F, Se, Te, Pb, or the like. As
nt|oned above t he Fe-Co-B-R type tetragonal syst em conmpounds are new
@ whi ch have been entirely unEPVN106948BFt. It is thus new fact that

| proper tjeg, St LA @, Je0ferRET NP RE et TRANG! G2 ridlsCeampaiticdi Ned
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t he anor phous state, and the major phases thereof are not [ERR] and [ERR].
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4.5%Ti, 8.0% Ni , 5.0%Bi, 9.5%V, 12. 5% Nb,
10.5% Ta, 8.5% Cr, 9. 5% Mo, 9.5% W 60
8. 0% M, 9.5% Al , - 2.5% Sh, 7.0% Ge, 3.5% Sn,
5 % Zr, and 5.5% Hf . wherein, when two or nore of Mare applied, the total

nt of Mis linited to the higpegtiged48 B1 one of 65 the individual '
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- U70 N &t wherem the ao 0.9 nm SA(
8.5% Cr, 6 The alloy of one of claims 3 to 8. witérdiat least 50% of thedSe FBare %d\éhd/or Pr.
9. 5% Akg 7. The allbys¥eBinf thé. ddédedbag clalms having a;uni®aeBiperature T, betvieed 340X gnd 750°C.
8. The alloy of one of the preceding claims having crystais with a mean grain size of 1 um to 100 ym,
preferably 1.5 ym to 50 um. '
9. The alloy of one of the preceding claims further comprising additional elements M evident from the F
list below, the amounts of these elements being respectively llmlted to no more than the values speclf‘ ed
55 hereinbelow by atomic percent

45% Ti, - 8.0% Ni, 5.0% Bi,

9.5% V, 12.5% Nb, 10.5% Ta,

8.5% Cr, 9.5% Mo, 9.5% W,

60 8.0% Mn, 9.5% Al, 2.5% Sb,
. 7.0% Ge, 3.5% Sn, 5.5% Zr,
and 5.5% Hf. : '

wherein, when two or more of M are appiied, the total amount of M is limited to the highest value of one of
65 the individual elements M added.




and 5.5% Hf . 50 wherein, when two or nore of Mare—a*pp’r-l—ed——aﬁd—t—o’fﬁl- ,
anmount of Mis limted to the highest val ue of on

el enents M added. 23. The magnetic material of on Iﬂ H lm mll .
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cont ai N s art ele nts %‘ef eﬁJg Falsuisiified
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t he annﬁm—@gjo-oﬂi—ﬁ-ltmsé;aeh@nemggotﬁélc rvgtak etsiot f?h‘li E/?tel llg;ﬁ;rn tted toanto1 2rmremt ) :
'the 25 val ége%fé P@uog% FBEIIBREDFIRidht terpaangistucturegopyt 1.2 nm (12 Ag, 0%5
g f SheoBims 3 0 5 whe Wl s o e "Mtk T3 nEaRff .
, 7 The allo recedmg claims having a Curie n%%%eT between 31 a9 73b :

2 5% Sb, 78.086 éBey of one of the p&cﬁr%ﬁﬂams having crystasO4itra, mean grain eooff um\mhmoelrm
v\,hent\/\/9“%5%*’*“#‘“)FéUétﬁml\ﬂS P'@a lied, thetotal amount of Mis linmted to the
E é‘\g cH P Fo lélﬁ% diét"’lwlzf&‘ ts Nhey;de%\ rom the
| re pect:vel g h

e th
hi .gheSt hs%% I%% ﬂ tst eme ts {5 ng n‘é)be e]yahﬁs spfcgled
ani so%rq%ﬁbggu, wﬂ,c rising 00
one or nore rare earth eI emants |ncI ud| ng Y. 2-28 at% of boron, the bal ance
bei ng Fe substituted 43 AG@ wher ei8®%Cli, 5.0% Bi,
. 12.5% Nb, 10.5% Ta,
85% Cr 9.5% Mo, 9.5% W,
50 8.0% Mn, - 9.5% Al, 2.5% Sb,
. ~ 7.0% Ge, . 3.5% Sn, 5.5% Zr,
. and 5.5% Hf.

wherein, when two ar more of M are applied, the total amount of M is limited to the highest value of one of
65 the individual elements M added.
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; __unts to no nore than 50 at % of the whol e mterlmplc :
Fyer manent magnetic naterial of claim40 conprising Im‘@? at% R and 4- 24 at %, !

.,.40 B. 42. The ani sotropic pernmanent nagnetic nateri Immmn ;

\Whl contains nore than 50 vol.% of a phase contai 3 L stable .
- B-R compound having a tefragonal structure. 43. The anl so r dpi c ‘
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--than the val ues specmfsl%eﬁ her ei nhgdopwi,by at orgige, ger cent 60
:4.5%Ti, . 8. 0%skd v, 1Z6%NoBI , 9. BEKVTa, 12.5% Nb,
¢ 10, 5%0Ta 8:5% Cr 8.5% Cr, 9. 50 M$£.5% Mo, 9 9EF/W. 8. 0% Mh, 9.5% Al , |
- 25%Sb, 7.0%Ge, 0% "Gﬂs 5% Sn, 5% Al (gar%:rs"% and 5. 5% |
i Hf. 28 EP 0106948 %32 ere| n, vﬁteﬁntwo or Bof M are applied, the B

¢.total amount of Mis imtfed to the highest value of one of the- |nd| vi dual
. el emesst Uhd’obla.ddtenlmoaﬁ moh qﬁ Mneamha‘dahe rabatominna Mis limitidsothe bighest ybewtereot

magnet i ®er '9'13 r a nel tclco |st\n 8- 3% at%gf R, IR bej ng one |
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t he whov, e—aamms h-td tﬁabamed.emgge bubetitated t>y Copwhdrdin CAArhouaE tamTm$ro HaR 50 at% rag t he

cr yst al the wholp materigitand éinprigingatjirastG0 9o %faf p plase chmririsigg atrleastving &-r@qa-rﬂe—limpcran ent

magnet i ¥ faying 2 tetspapnafptrugiurey erein ance is
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' Qo mﬂﬁérﬁt@i‘naﬁm Scldith S5 1B Whb8in NG JoQRiD B1Ghd ¥@dgndl tRictuedls bibut'®e NOT €
th hmn\tm&ues speci fi ed hereinbel ow 10 by atom c percent 4.5%Ti,

8. 00  21. The magneticom@prial of opephiglaims 18 to 20 whgr;emgl;gmn crystal gralq_syzemqgjronm 5% Cr
9. 5% Moo 100 um, prefe 5 to 50 ym. -

3 5 ,g,b,v.dzzdmsﬁi’immm i e 2 e o e o oL SRR

~when 1 Vwaiuel'spbdified HateildeRivEoyddiéthic 94 .;ce,tthe total anount Mis |im ted he
- hL}test val ue of one of 20 the individual elenents M added 52. The process !

[ERR] 53. The proce one of i 50 t v\?/therel n the pul verized
product i's sintered. g4 mihe proogaggsAof cl ai mgg3smherei'n the sintering is
effected at a terrperatowee,of 10008.8% ShERR] . 53% Zhe process of claim 54
wher ei n the SI ntelaMtQWosteffect ed in an |nert gas at nosphere such as argon.

25 wheretn oetzwn IELB‘ ognleate aCOI rd ﬁkoéaq ou Q |s(1|m e:{2 R\ebl ﬁes?va?ue o;one og e of
the rPAr @ taphdbat b b ® ddded uarng: % FPoUNr g NLis imiteq 'R e figrest veleLo8ST Fe
substi t ut ed my env\hefeam of dridef @amanmmt hérgin R wamrraebhetrbs&&%sete Jshefowhol e
mat er i aihg rarbtemlnalbrlnmtby sintering a powder of said material.

' : 24. The magnetic material of claim 23 wherein Nd and/or Pr are used for the rare earth elements R.

55 '25. A sintered magnetic material consisting of a magnetic material powder showing crystals of a
tetragonal structure and comprising 8—30 at% of R, R being one or more of the rare earth elements
including Y, 2—28 at% of B, and the balance being Fe substituted by Co, wherein Co amounts to no more
than 50 at% of the whole composition.

' 26. A process of making a magnetic material powder showing a tetragonal structure and compnsmg
so 8—30at% of R, R being one or mare rare earth elements including Y, 2—28 at% of B, and the balance being
.. Fe substituted by Co, wherein Co amounts to no more than 50 at% of the whole composition by heating a
powdery rare earth oxide R,0, as raw material for R, with powdery Fe, powdery Co, powdery Fe—B and a
reducing agent for direct reduction.
27.-The process of claim 26 including a further step of smtermg the powder alloys.
65 28. A permanent magnet material comprising 8—30 at% R, R being one or more rare earth elements

of~claim50 or 51 V\hgﬁ Y the cr IN'-l ne prgcg "IS pul veri zed to 3-10 !
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of R 58. The permanent nmagnet of claimb56 or 57 hav

properties obtainable by additio [ *. 59.
The permanent magnet of one of c@r@qgg #ggg@?v\her ein the light rare earth
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- .wher el NgR B.S at | east one rare eart e errent |ncI udi n%z gbg‘% at % B, and
t he bal ance W2iThgarfsetrepidysrmansherdadogticGateriahug igimoton 4t mcmmm oftechanG0 wal%e
t han 50 at‘%aol?“a montﬁ'nmgeatriehstepmftablerse—%eﬁ-st' memparad havinga# davegenatystascturs

claim 74 V\m& ;e e aﬁmﬁ; g?g;za;ﬂ%"&ﬁeﬁ"e matenig of glaigy 47 whegein g Fopdiiob frgdetragonal

H57." The permanent magnet of cI ai m 56 corrprl Si ng 4- 24 ﬂ% t!ﬁ!and 12- 20 at" |

per manepg ObermbrithiTRagnetit thatenal Cdidih N2t R virdbtin fard &ﬁr&hhe
erement s lﬁtr@ﬂ&lﬁtm&nﬂem dus p.otrdpe® B0 at % of the overall rare earth

el ements R, # Tha’ #msospmt mrredwe panagnetismaterialpf ete qitlamsao mﬂﬁawm@rreean crivetalrein or

*. Pr anount sS4 dofo 198 umy g 12 y b?;% 8} up heen er al.| eI e nts R
e Tner o BTG ﬁﬁ@ﬁ%t"sotazt A Ak e
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o 49. The anisotropic permanent magnetic material of one of claims 40 to 48 further comprising

additional elements M evident from the list below, the amounts of these elements being respectively
limited to no more than the values specified hereinbelow by atomic percent

60 45% Ti, 8.0% Ni, 5.0% Bi,
9.5% V, 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, 4
65 and 5.5% Hf.
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Struktur etwa 1,2 nm (143%’%)‘: bet r agt8.0%.NiLegi er uaog%-Bach Anspruch 2, 3 oder
4, worin die ao-Achse &5@®mV0; 9 nm (B5A)Nbhet r agl05%®a. 6. Legi erung nach
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68. The permane L@t 65 dHa bf B3 581D @R csHRprisig b IR NG FE—CHRSEBLRGRE
di e zu5| tzdmnohed Edlmuemteaaad lesmBuger nachst ehenden Liste enthalt, wobei die
Mengen di f‘ 32‘ “The parpiepent remit plelajpy 3 »elr'eme'mthv@p pxisefghrectetpagonal strlictuckds ahgiuttR nm
grol er | S

2. 5% TI (@ A Sl'hg b&g@@%?ﬁggm&%aﬁtn&ﬁ%g}v ein ‘é‘é é%/a?c{?lo?the eg'agon%l st?%:ttgg/lsﬁﬁoutos

_ 10 5% Ta 8 6§%h€rpermanent magnédt oH8he dbclaims 56 to 65 cBmpridindInonmagnetic phases separating the
fine particles of the at least one Fe—Co—B—R-type compound from one another.
67. The permanent magnet of claim 66 wherein the nonmagnetic phases are present between 1—45
6o Vol.%. .
68. The permanent magnet of claim 67 wherein the nonmagnetlc phases contain much of R.
69. The permanent magnet of one of claims 56 to 68 wherein Co is 5—45 at%, preferably 5—25 at%.
70. The permanent magnet of one of claims 56 to 69 in which R is about 15 at% and B is about 8 at%.
71. A sintered permanent magnet comprising at least one Fe—Co—B—R-type compound havmg a
65 tetragonal structure, where R |s at least one rare earth element including Y.
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5. Legierung nach Anspruch 2, 3 oder 4, worin die ao-Achse etwa 09 nm (9 A) betragt. _
60 6. Legierung nach einem der Anspriiche 3 bis 5, worin mindestens 50% des Gesamtgehailts an R aus
Nd und/oder Pr bestehen. v
77 |be(g:|erung nach einem der vorstehenden Anspruche mit emer Cune-Temperatur T zwuschen 310 E
und 750° £
8. Legierung nach einem der vorstehenden Anspriche mit Kristallen, deren mittlere Korngréi3e 1 bIS
65 100 pm, vorzugsweise 1,5 bis 50 pm, betragt .

"5, 0% Bi ogerm;\ re Seltenerdeleme fighlich Y bedeutg_tgz 9/381!3 gpddem Rest Fe, der dutch5 0
{ M 55 CO ers ehr als 50 Atom-‘)% mten Materlals a % m: e&t%isgépe
o Verbm R mit einer eteﬁ:% Et 'ltgtrls% gg
3,5% Sn, 4 Legueru , 2 oder 3, worin die co-Achgé! fgn ur etwa 1,2 nm (12 A)
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worin'imFalls des Einsatzes von zwei. oder nmehr der EI enents Mdie
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ei nschl il r
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Fe, das di 5 ntf"r i & H %oqugé
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worin im Falle des Einsatzes von zwei oder mehr der Elemente M die Gesamtmenge von M auf den

héchsten Wert eines der eingesetzten einzelnen Elemente M begrenzt ist.
60 40. Anisotropes Permanentmagnetmaterial mit einem Gehalt an 8 bis 30 Atom-% R, wobei R ein oder
mehrere Seltenerdelemente einschlieBlich Y ist, 2 bis 28 Atom-% Bor und als Rest Fe, das durch Co ersetzt _

_ ist, wobei Co nicht mehr als 50 Atom-% des gesamten Materials betragt.
41. Anisotropes Permanentmagnetmaterial nach Anspruch 40, mit einem Gehalt an 12 bis 20 Atom-%

R und 4 bis 24 Atom-% B.

65 _42. Anisotropes Permanentmagnetmateria! nach Anspruch 40 oder 41 mit einem Gehalt von mehr als
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At om % der Cesant nenge % 'betrag 32 3 Perrq% magnet nach ei nem der

~ Anspruche 58\ bis 60, thr bcdi e m t 1@ gao<ri st alglg I%ow‘lgrSI e 1 bis 100 I gm
ﬁugsmel se 1,5 bis SQQngnbetrl gt9595A|' 62 ngament nmagnet nach ei nem

der Ansgr Cche 56 bi s 612,08 Geei nem vi&8% Snen Geha&lste 2u zusat zIl i chen El enent en

‘M genrig der unten &ngé$&Bhen Liste, wobei die Mengen di eser Elenents

JeWEIlS i ) a Qi e | egn . n héchsten
 aohf ol ggH ‘?A i L%Q?n?%ﬁﬁé&ﬂé%% gﬁ%ﬁl&%ﬁ?jﬁgf GBS mthalg gL @(ﬂhﬁ hachst
5 0% Bi 5. 050 Verfahren zum Haerstellen ik arlsotropen Permanémmaghebdiaterials durchl Bijdefbelridr

, 5% Cr. Schmelze muGetﬁ% Myhalt an 8 bis 3@ Abyo-W/ R.Swekk Rrein oder mehrer@ Sefigngidelemente
2 5% Sh, hYlst.Zbls 28 Ago gmund als Rest Fe, Iﬁghg p‘ﬁ)mcg %f #sim
Fal l e desgf%; m,m;ﬁg Deselying befrigt. Akuenge S s S SHURTEN VBH M
auf dersshBC 5§ VaRa iunswéaaaleﬁ? Bihesin3R5D8A BérMBndAinEgRbtRERridi IR Absprivh B dolmZ t
i'st. 63. &erfmnevd RagMetdundiCbo erseetTisdaind/ sissni WderembliGerdh Elepidnteh tM edeméfn der
Ge @ t annashiinlgenrien histecdehitdet wisq, lyyotief diggMenaen Tigses Elomets iqueells aHf einen Wit begr_enzt
agonafith 98t pigitrpBer i ais d'%ﬂ“"?@!"%l‘i‘eﬁ?%???@?”ﬁ%&?f‘ W8%%r uch 63, worin
dl e co-gchse der. tetragggapen Strukgey \gtwa 1, % 09g{ 12 A betragt. 65.
Per manent magnet nach Angpy uch 63 0gkes9 Gib, vvorlmsda a,a0- Achse der :
tetragonal en Struktur &B%acO, 9 nm (VSR Mdoet r agte,5%®. Per manent nmagnet nach
éi nem der. Ansprflche 689% ¥Mn65 nit ¥3%hd¥n Gehal t25§:‘|shl cht magneti schen 25
- Phasen,  wel che die fﬁarﬁtg i1 chen ¥& er bi nd PG Ges Typs fe-Co-B-R, von
der mi ndestens ei ne vorlleg vonei nander trennen. 67. Permanent magnet nach

Anspruch 66, -worin die nicht nagnetlschen Phasen |n ei ner Menge von 1 bis 45
Vol - % vor YVP @nFallessies ﬁ@mﬂem nder melv dersFlementcM dier Gesapitmenggjven M auf den

~ ni cht magn®®} ﬁh E‘? . ggso od"é?éﬂﬁ%%f’i g 39... gr:/%"{ o ERIRGNRY

ei nem & A%§ it rAmachﬁle wsnﬁf arte\E dz,ugfe&»ﬁﬂeaew “bi s
25 Atom % Izt vaghrenZ\Gch RASpPIRA 0] Woii 8ds Sinein i RS eﬁpemwproucloao bis 1200C 69,
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- Permanent gragﬁg erfphten cagla (fineRrudkl B4: ¥Prifi A8 cTMteMsinFInes rInafgpsatIRSARAR. dWe Argss

thrt wird.
56. Permanentmagnet mit einem Gehalt an 8 bis 30 Atom-% R, wobei R ein oder mehrere
Seltenerdelemente einschlieBlich Y ist, 2 bis 28 Atom-% B und als Rest Fe, das durch Co ersetzt ist, wobei
Co nicht mehr als 50% des gesamten’ Materials betrégt, erhaitlich durch Sintern eines Pulvers dieses
.. Materials.
6o - B57. Permanentmagnet nach Anspruch 56 mit einem Gehalt an 4 bis 24 Atom-% B und 12 bis 20 Atom %
R.
58. Permanentmagnet nach Anspruch 56 oder 57 mit amsotropen Engenschaften, erhélitlich durch
. zusétzliches Ausrichten in einem Magnetfeld
. 59, Permanentmagnet nach einem der Anspriche 56 bis 59, - worin dle - leichten
65 Seltenerdmetallelemente mcht weniger als 50 Atom-% der gesamten Seltenerdelemente R betragen.
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11 8,0% Ni
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Anspruch 70 mt einem Gehalt an nichtna et | schen M e viel R

P
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I Z
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80. Ani?8 ot r gpé'prrmpmm mg Aasprych 6B VM'S ;ﬂmﬁct'ﬁ? @d@ﬂagrbalerg%tKQandﬁm
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ot, @R%ﬁﬁﬁeﬁfemﬁmm&?ﬁh Mﬁf’;&h PQ;'!‘& P'M'B Gehalsian nidhimpgaetisghen RBhasetes
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© gr6Ber ishe aﬁssd‘m‘\ec?l SeitOs E’H'EP' ica 'B‘%‘ ey als ‘égg@‘%%e'# n. Mawgdglsy petrégt.
| s betragen Gesintgrtgs ferjane spruch 74,3 Bis 20 Atom uTbB% }sﬂtonjﬁﬁ
1 8\5% 76. Gesmt&e5 ﬁbMPanentma net ngcﬁoe/ihy“\ &or OafsMlache 71 bis_75, ot G leichten
i 2,5% Sb Seltenérdsamente nicht wenligér? ﬁssm Atom-% der Desafy [Seltédrdalemi¥ntiR bétlagekOr i N i m
‘Fall's des Elmﬁsizesenmmmmmemachémpn&bflﬁ Eoenﬂdpedlmedl’ven éngMengeyapenichh M

Ol R e us P L g™

[-kristallisi eat essul?sr&el FritanSMtilagnelmASHS @iRerd Ndbr ArZhrRENE 92 bisO P Wit/ @inbrE Fhittieren
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Pr odukt

gesi nt er i 16084 20 MGOe).

82. Permanentmagnet nach Anspruch 81, dadurch gekennzeichnet, da das Maximalenergieprodukt

nicht weniger als 240 kJ/m® (30 MGOe) betrégt.
60 83. Permanentmagnet nach Anspruch 82, dadurch gekennzeichnet, dal das Maximalenergieprodukt

nicht weniger als 260 kJ/m® (33 MGQe) betrégt.
v rfS: Permanentmagnet nach einem der Anspriiche 56 bls 83, erhéltlich durch ein pulvermetallurglsches

erfahren.

85. Verfahren zum Herstellen eines Permanentmagneten durch Bilden einer Schmelze mit einem
65 Gehalt an 8 bis 30 Atom-% R, wobei R ein oder mehrere Seltenerdelemente einschiieRlich Y ist, 2 bis 28
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