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[57] ABSTRACT 
A sinterecl permanent magnet of compacted and sin 
terecl particles of a cobalt~rare-earth compound with 
the total rare-earth element content being within the 
range of 32 to 43% by weight. which total rare-earth 
content consists essentially of. in weight percent. 25 to 
75% mischmetal and 25 to 75% cerium-free misch 
metal; alternately. up to 30% Samarium may be substi 
tuted for a like percent of the mischmetal. cerium-free 
mischmetul or a portion of each with respect to the 
total rare<earth element content. Preferably. the 
mischmetal and cerium-free mischmetal are present in 
approximately equal amounts either alone or in com 
bination with samarium up to 307: by weight. 

3 Claims. N0 Drawings 
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SINTERED RARE-EARTH COBALT MAGNETS 
COMPRISING MISCHMETAL PLUS 
CERlUM-FREE MISCHMETAL 

Permanent magnets, and particularly those of the 
present invention, are used in applications such as elec 
trical motors and generators. biasing magnets for re 
lays, microphones and telephones. microwavev tubes 
and loudspeakers. 

It is known that by the use of rare-earth cobalt com 
pounds and particularly SmCo,-,, permanent magnets 
characterized by improved magnetic properties, partic 
ularly improved energy product and coercive force 
may be produced. Typically, magnets of this type are 
made by melting together the desired amounts of the 
components, such as Samarium and cobalt, under a 
protective noble gas atmosphere or vacuum. The melt 
ing may be achieved by are melting on a cold copper 
hearth, induction melting in pure alumina crucibles or 
levitatiori metling. The resulting rare-earth cobalt alloy 
is then crushed and ground in a ball mill, vibratory mill 
or a ?uid energy jet mill to form particles, with the par 
ticles typically being smaller than 50 microns, prefera 
bly 2 to 20 microns. Thereafter the powder is placed in 
a container and subjected to magnetic alignment. It is 
then compacted either by pressing, sintering or a,com 
bination thereof to achieve ?nal density. 

lt has been found that with rare-earth cobalt magnet 
materials, and particularly SmCo5 magnet material. it is 
dif?cult to achieve the desired high density, c.g., sub 
stantially greater than 907: of theoretical density, with— 
out resorting to high sintering temperature and long 
times at temperature. Even when increased sintering _ 
times and temperature are used to achieve high density 
the coercive force of the resulting magnet is dimin~ 
ished. As a solution, it has been known to use increased 
amounts of rare-earth metal to the cobalt prescntyhow 
ever, this adds considerably to the cost of the magnet. 
On the other hand, by employing mischmetal as the 
rare-earth element present in combination with cobalt 
less expensive magnets may be produced as a result of 
lower material costs. but the desired improved mag 
netic properties, particularly energy product and coer 
cive force are not consistently obtained. As the element 
Samarium is substituted for a portion of the mischmetal I 
and used in combination therewith in a cobalt rare 
carth element compound, although the magnetic prop 
erties are increased with increased amountsiof samar 
ium, the material costs of the magnet are substantially 
increased. Below 50% samarium as a fraction of the 
total rare-earth content of the magnet, the. properties 
remain inferior to a degree that is economically unat 
tractive relative to the total raw material cost. 

It is accordingly a primary object of the, present‘ in 
vention to provide a thermally and magnetically stable 
magnet of a cobalt~rare-earth compound wherein im 
proved magnetic properties are achieved principally by 
the use of relatively inexpensive rare-earth element ad 
ditions and which does not require the sintering times 
at temperature to achieve densi?cation at which the 
magnetic properties, and particularly the coercive 
force. are diminished. ‘ 

This and other objects of the invention as well as a 
more complete understanding thereof maybe obtained 
from the following description and specific examples.‘ 
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2 
Broadly in the practice of the invention compacted. 

sintered permanent magnets are produced from a com 
bination of particles of cobalt-rare-earth (C oRE) com 
pounds. The sum of the rare-earth elements employed 
in the cobalt compound ranges from 32 to 4271 by 
weight. The total amount of rare-earth elements consti 
tutes 25 to 75% by weight mischmetal (MM) and 25 to 
757: by weight cerium-free mischmetal (FM). Alter 
nately. up to 30% by weight samarium may be substi 
tuted for either the mischmetal, the cerium-free misch 
metal or both. Preferably. 8 to 30% by weight samar 
ium is substituted. Preferably. the mischmetal and ceri 
um-free mischmetal are present in approximately equal 
amounts. The CoRE particles are processed in a con 
ventional manner by magnetically aligning. cold press 
ing to form a compact and sintering in a nonoxidizing 
atmosphere. Sintering is effected at a temperature of 
about l850° to 200U°F for about It) to 60 minutes. If 
desired, after sintering. an homogenization treatment 
at an elevated temperature of for example about l6()()° 
to l900°F may be employed. 
The CoRE particles may be produced by a single 

melt practice wherein the composition constituting co 
balt in combination with mischmetal and cerium-free 
mischmetal. and samarium if used, is produced in a sin 
gle melt. solidi?ed and then comminuted to form the 
particles for compacting and sintering. Alternately. a 
dual melt practice may be employed wherein CoMM 
and (‘0PM compounds are produced in separate melts. 
and particles therefrom are mixed to achieve the de 
sired particle mixture for processing. This can also be 
the Case with magnet material having samarium substi 
tuted for a portion of the mischmetal and/or cerium 
free mischmetal contents. in such instance a separate 
heat of CoSm with Sm constituting St) to 80% thereof 
may be produced. solidi?ed and comminuted to form’ 
particles that may be mixed with CoMM and CoFM 
particles or CoMMFM particles. In this instance with 
the CoFM and CoMM compounds or the CoMMFM 
compound. the total rare-earth content of each com 
pound would be within the range of 30 to 40% by 
weight with the balance cobalt. It has been found that 
by substituting CoSm for a portion of the particle mix 
ture improved coercive force is achieved. With respect 
to the mischmetal and cerium-free mischmetal em 
ployed in the practice of the invention typical misch 
metal (MM) would have a typical composition. in 
weight percent. Ce 44 to 50%. La l‘) to 32%. Nd I} to 
20%, Pr 4.4 to 5.471 and other rare earths and residual 
elements up to about 2%, typical cerium-free misch 
metal (FM ). from which the cerium has been substan 
tially removed. would have a typical composition, in 
weight percent. Nd 42%, La 40%. Pr 14%, Gd 3% and 
cerium and other rare earths and residual elements 371. 
Since both MM and FM contain Sm, it is to be under 
stood that reference hereto to Sm additions does not 
include Sm which is present in the magnet because of 
its presence in the MM and FM additions constituting 
the magnet. 
Table l lists the magnet composition as well as the 

properties for various magnets produced in accordance 
with the invention, which constitute Examples 1 
through 6, and prior art magnets, which constitute Ex 
amples 7_through l0. 
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TABLE I 

Composition (Wt?i ) Sta- Intrinsic 
Cc- Align- bility Energy 
Free ing Sintering Properties Param- Product 

Misch~ Misch- Simian Co- Field Temp. Time B,‘ H...- . HA (BH ),,.,,_,. etcr HKBr 
Ex. metal metal ium* halt ()ersted ‘ Min. Gauss ()crsted Ocrsted ()crstcd MGOe HA/Br MGOe 

l-l l4.7 ll} 9.6 62.4 20.000 i930 l0 8.200 l-l.lll0 7.650 8.400 I00 L01 69.0 
Z-l ll‘) I39 9.7 01.5 20.000 l920 60 7.550 l0.000 7.450 9.000 l4.l L19 68.0 
3<l l3.“ llli 8.4 (14.0 7000 U420 00 7.X00 l L900 7.000 7.000 l~l,li 0.9 54.5 
4-D l3 8 llit 8.4 6-3.0 4.000 I915 30 7.370 H.000 6.700 (1.900 I17 0.93 5L0 
5-1) lli'l llli 90 63.4 4.000 I920 45 7.040 l [.400 6.80) 9.600 ll: L36 67.5 
6-D l-l 7 I47 K6 6: 0 4.000 I910 60 6.700 l4.ll00 0.400 lZ.000 l0)‘ l .79 80.0 
7~l :6 l 0 I01! 6.1.0 60.000 l8}: .‘0 (‘.700 H.700 0.200 7.500 I09 1.! 50.0 

[0 

l00.000 
X~l 37 3 0 3.7 0-4.0 00.000 1831 30 7.000 9.600 6.300 0.500 l 1.4 0.93 45.4 

to 
|00_l)00 

I: I 0 I17 64.5 60.000 I377 30 7.630 8.500 5.2450 4.600 I} h 0.60 35.3 
‘-)~l 

[u 

l00.000 
l0 sintered product of No. 9. sintered at 8.440 6.300 5.400 4.000 16.6 0.47 33.8 

WIZ°F for 30 min and heat aged at 
I65I°F for 10 hours. 

I — isostatic Pressing 
I) — Die Prcwng 

“ Samarium content shown is 

EXAMPLE l 

A 60~gram quantity of the composition listed in 
Table l as Example I was melted in a tungsten arc inert 
gas chamber. The material was crushed and screened 
to minus 30 mesh particle size which material was ball 
milled to a particle size range of 2 to 10 microns. Parti 
cle mixture included (‘05M M",.-,.-,FM||.4.= Particles 901150‘ 
tuting 17.5% MM. l5.8‘7r FM and 6677: Co which was 
mixed with I67: by weight of CoSm wherein Co was 
present in an amount of about 40% and Sm in an 
amount of about 60% to result in a ?nal particle mix 
ture of MM 14.7‘7r. FM l3.3‘7'. Sm 9.6%. Co 62.4%. 
This powder mixture was oriented in a rubber tube in 
the presence of a 20,000 0e magnetizing field and 
compacted isostatically at a pressure of l20.000 psi. 
The compact was sintered at I930°F for ten minutes in 
helium atmosphere and cooled to l600°F in about ?ve 
minutes and oil quenched to room temperature. It may 
be noted from Table I that the magnet had good rema 
nence. coercive force and an energy product of 16 
MGOe. 

EXAMPLE 2 

ln Example 2 the composition reported in Table l was 
produced by providing particles of Co5MM.,__~,FM.,_5 
from a l000-gm. induction melt made from a l6‘7? FM. 
16% MM and Co 68%. which mixture was combined 
with l3‘7r CoSm with Co constituting 25% and Sm 75% 
of the compound. The mixture was oriented in a rubber 
bag at the magnetic ?eld of 20,000 Oe and isostatically 
compacted at a pressure of l20.000 psi. Sintering was 
conducted at l920°F for 60 minutes in a helium atmo 
sphere. Thereafter the sintered compact was furnace 
cooled to l500°F in ten minutes and rapidly cooled 
from lS00°F using a helium gasjet (helium gas jet cool 
ing would be somewhat less rapid than an oil quench). 

EXAMPLE 3 

The magnet material of Example 3 was made starting 
from an I l-pound induction melt of the composition: 
MM 167:. FM l6‘7r and Co 68%. Powder of 2—l0 mi 
cron size was obtained by ball milling and to this pow 
der 14% by weight of sinter aid of Sin (60%) Co (40%) 
was added. The compact was produced by isostatic 
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in addition to the limited amounts ut'Sni contained in Mischmutal and cerium-tree Misch metal 

pressing at [20.000 psi with an aligning ?eld of 7,000 
Oe. The compact was sintered at l920°F for one hour 
and cooled in a jet of helium gas from approximately 
l450°F. The resulting magnet had an energy product of 
14.8 MGOe with other magnetic properties as reported 
in the Table. 

EXAMPLE 4 

The magnet material used in Example 3 was oriented 
in a magnetic ?eld of 4.000 ()e and die pressed instead 
of being isostatically compacted as was the material of 
Example 3. The die pressed compact was then sintered 
at a temperature of l925°F for 30 minutes and cooled 
in a jet of helium from a temperature of approximately 
l450°F. It may be noted that the Examples 3 and 4 dif 
fer with respect to the degree of orientation achieved 
which resulted in lower B,. and (BHLHM‘ values for the 
magnet of Example 4. 

EXAMPLE 5 

The material used was of the composition: MM 16%. 
FM 16% and Co 68%. Powder of 2-l0 micron size was 
obtained by ball milling and to the powder a 15% by 
weight of sinter aid of Sm (60% ). Co (40%) was added. 
The compact was made by die-pressing at 85,000 psi in 
an orienting ?eld of 4,000 Oe. The resulting compact 
was sintered at l920°F for 45 minutes and fast cooled 
in helium gas jet from 1450°F. The sintered magnet had 
the properties shown in the Table. 

EXAMPLE 6 

The magnet composition shown in Table l was ob 
tained from a single melt of the reported CoSmMMFM 
composition. The material was oriented in a magnetic 
?eld of 4,000 Oe and compacted in a die press at 
86.000 psi. The compact was sintered at 1920°F for 
one hour and rapidly cooled in helium gas from the 
temperature of approximately l400°F. The resulting 
magnet has a high H‘.- value of l2.000 Oe. This indi 
cates that these magnets in accordance with the inven 
tion could be made alternately by blending 
MMJFM|_J-C05 and a sinter aid containing samarium 
or by single melt incorporating the levels of samarium 
indicated in Table l. 
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As may be seen from Table l and the speci?c Exam 
ples. in addition to the conventional permanent magnet 
properties - intrinsic coersive force H", induction coer 
cive force He. remanence B, and energy product 
(BHlmwl, new parameters are being used to describe 
magnetic and thermal stability and useful magnetic 
value of the rare-earth cobalt magnets to which this in 
vention relates. One such parameter is H“, the limiting 
?eld for useful performance. H; in effect de?nes the 
onset of the knee of the intrinsic demagnetization 
curve. Also. in a recent stability classi?cation‘, the 
ratio HK/B, was established according to which 

i. magnets having high-stability magnetization, 
l (HR/Br) 0.5 

and 
ii. magnets having very high-stability magnetization 
with 
HK/B, l.0 

'D. J. lden. C. E. Ehrenfricd and H. 1. Garrett. Proc. (.‘onl'. Magnetism 
and Magnetic Materials. pp IOZh-lU-Jb. I972. 

From Table I it is apparent that the magnets of the 
present invention meet both high and very high stability 
magnetization criteria. It was established2 that the 
higher the values of the stability parameters HA- and 
HK/Br, the lower the irreversible losses which occur 
when magnets are exposed to elevated temperature 
during use in various applications. Another useful pa 
rameter describing the potential of these magnets in 
such applications as traveling wave tubes and other ap 
plications requiring high coercive force is the intrinsic 
energy product; thus the measure HR X 8,. is coming 
into use. This value is 50 to 80 MGOe for the magnets 
of this invention compared with about 30 to S0 for con 
ventional magnets. 
2D. V. Ratnam and M. G, H. Wells. Cont". on Magnetism as Magnetic _ 

Materials. 1973. “Properties of Mischmetal Cobalt Magnets" 
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Further from the speci?c examples present in Table 

I. it may be seen that with the magnets of the invention 
constituting Examples I through 6 energy product val 
ues of 10 to l6 MGOe have been obtained with moder 
ate orienting ?elds. compared to the orienting ?elds 
used with the prior-art magnets constituting Examples 
7 through 9 of Table I. This is dramatically demon 
strated by Examples 7 and 9. which exhibited lower en 
ergy product values than the magnets constituting Ex 
amples I through 5. despite the fact that these magnets 
had samarium contents in excess of 1071 and substan 
tially higher orienting ?elds were employed. All of the 
magnets in Table I in accordance with the invention 
(Examples 1-6) have less than l0‘7r samarium. Also. all 
the magnets in accordance with the invention have a 
stability parameter within the limits of 0.8 to 2 HK/Br. 

I claim: 
1. A permanent magnet having an energy product of 

10 to 17 MGOe. a sintering temperature of 2000°F 
max. and a stability parameter of 0.8 to 2 H,.-/B,.. said 
magnet being produced from compacted and sintered 
particles of a €oRE compound where RE is a combina 
tion of rare-earth elements within the range of 32 to 
42% by weight and balance cobalt. with said total com 
bination of rare-earth elements consisting essentially 
of. in weight percent. up to 30 samarium. 25 to 75 
mischmetal, and 25 to 75 substantially cerium-free 
mischmetal containing less than about 3 cerium. 

2. The magnet of claim I wherein the mischmetal and 
cerium-free mischmetal are present in approximately 
equal amounts. 

3. The magnet of claim I wherein samarium is pres 
ent within the range of 8 to 307: of total combination of 
rare-earth elements. 

* * * * is 


