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ABSTRACT OF THE DISCLOSURE 
A permanent magnet constituted of particles having a 

component essential to the magnetic properties the com 
pound M5R where M is cobal and may include the addi 
tion to cobalt, iron, nickel and copper, and R is 
lanthanum, or thorium, or at least three rare earth metals 
or thorium in combination with one or more rare earth 
metals. 

This invention relates to permanent magnets con 
stituted of ?ne particles having in themselves permanent 
magnetic properties. The component of these particles 
which is essential to these properties is M5R, Where M 
is either Co or a combination of Co with one or more 
of the elements Fe, Cu, Ni and where R is either La, Th, 
or a combination of Th with one or more of the elements 
of the rare earths, or a combination of at least three ele 
ments of the rare earths. 

Others have measured the magnetic properties of num~ 
erous intermetallic compounds of the stoichiometric 
composition M5R. Thus for example, many compounds 
of the from Co5—~Z have been examined, where Z is an 
element of the rare earths ‘which are regarded also to in 
clude Y. Of these compounds, the magnetic moments and 
the temperature dependence of the saturation moments 
have been measured. Further, the magnetic properties of 
the compounds Co4CnTb, Co4NiDy, CdYCo5 and 
GdNdCo5 were determined. All these compounds have a 
hexagonal structure of the CaCu5 type. 
The present invention is based upon the discovery that 

in compounds Co5R having a similar structure to that of 
Co5Y, the said combination of magnetic properties which 
causes the compound to be a good raw material for the 
manufacture of permanent magnets (high uniaxial aniso— 
tropy combined with high saturation magnetization) is 
obtainable if two conditions are ful?lled With regard to 
the electron structure of the relevant compound. 

First the geometry of the electrons in the Co-ions as 
compared with that in the compound Co5Y must not be 
essentially changed by R, that is to say the population of 
the 3-d shell in the Co-ion remain substantially the same. 

Secondly, the total magnetic moment of the compound 
which is ‘built up of contributions of both Co and R must 
not be detn‘mentally affected by the contribution of R. 
The ?rst condition is generally ful?lled by choosing for 

R those elements which can form with Co compounds 
of the relevant structure and which occur as trivalent ions 
in these compounds. Furthermore Th, Ce and Yb, as 
well as certain combinations of elements, appear to satisfy 
the first condition. 
The second condition is ful?lled by choosing for R 

those elements or combinations of elements the total mag 

10 

15 

35 

45 

50 

55 

65 

2 
netic moments of which are directed in parallel with 
those of the Co-ions or which do not contribute to the 
magnetic moment. 
When the two conditions are combined there appears 

to exist for R, in addition to the known elements and 
combinations of elements, a large number of substitution 
possibilities. Experiments have shown that of these mani 
fold suitable substitutions for R, only the following ele 
ments and combinations of elements with Co can form a 
compound Co5R which can be used with good result 
(su?iciently high Hc and (BH)m,x) as a raw material for 
the manufacture of permanent magnets: La, Th, or a 
combination of Th with one or more of the elements of 
the rare earths, or combinations of at least three rare 
earths. 

It is possible in these compounds to choose for M, 
instead of the above-mentioned Co, a combination of Co 
with one or more of the elements Fe, Ni, Cu. The com 
pounds in which M is such a combination generally have 
a lower sensitivity to deformation of the coercive force 
and the saturation magnetization. 
The extent to which Fe, or Ni, Co or a combination can 

be substituted for M while retaining favorable magnetic 
properties depends upon R and the substituents which 
have been chosen. Thus it has been found, for example, 
that if R is La and M is a combination of Co and Fe, 
no more than 5 at. precent of Fe may be present, Whereas 
the maximum content of Fe may be 60 at. percent if 
R is Th. If the Fe-content exceeds the speci?ed percent 
ages, the examples given no longer have the hexagonal 
structure required, resulting in an abrupt decline in mag 
netic properties. However, in other examples, the mag 
netic properties may decline gradually, starting from a 
certain atomic percentage of the substituent. 
The compounds Co5La, Co5La0_33Sm0_33Th0_34 and 

‘C05La0,5Ce0_25Smo_25, for example, satisfy the above 
mentioned conditions. 
The invention also relates to a method of manu 

facturing a permanent magnet as above described. In this 
method, a body is ?rst manufactured by melting the com 
ponent elements to form the compound of R and sub 
sequently cooling the mass. The body is homogenized by 
annealing in an atmosphere which protects against 
oxidizing in?uences, at a temperature which lies as nearly 
as possible, i.e., immediately, below the melting point. 
The body is subsequently cooled to room temperature 
and pulverized. The powder, possibly after annealing, 
then is formed into a magnetic body by molding, possibly 
in a magnetic ?eld. 
Compounds of the formula M5R generally have an in 

congment melting point. As a result, compounds of R 
and M other than M5R may also occur during solidi?ca 
tion. During the annealing of the molding at a tempera 
ture which lies just below the melting temperature, all 
the compounds formed during solidi?cation will be con~ 
verted into the compound M5R, that is to say are homog 
enized. The temperature is chosen therefore at a maxi 
mum inter alia to give the particles the greater possible 
mobility, which enhances an efficient conversion of other 
compounds into M5R. 
The homogenization is followed by cooling to room 

temperature. This cooling may take place at a low rate 
if no undesired phases occur during this process. If, 
however, this should be the case, then in one form of the 
method according to the invention the body should be 
quenched to room temperature after homogenization. 
The quenching process affords the additional advantage 
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that the body becomes more brittle and this is advanta 
geous with a view to the subsequent pulverization. 
The invention may be explained more fully with refer 

ence to magnetic properties measured on the following ex 
amples of compounds (M5R particles) according to the 
invention all which were made in the aforesaid manner: 

850 90 3, 600 
635 51 2, 000 
690 60 3, 000 
690 70 1, 900 

. 810 77 2, 200 
C05La0,s3Smoia3Tho.34.__. 825 80 6, 100 
C05La0,5CBo 4531110 .25.... _ 835 39 6, 550 

The maximum energy product (BH)max has been 
measured on a permanent magnet made from 
CO5La0_5Ce0_25Smo_25 and is 5x106. GausS-OerSted. 
What is claimed is: 
1. A permanent magnet constituted of ?ne particles, 

and having magnetic properties, said particles having as 
a component which is essential to these properties the 
compound M5R, having a hexagonal crystal structure 
where M is selected from the group consisting of Co and 
a combination of Co with at least one element selected 
from the group consisting of Fe, Cu, Ni and where R 
is selected from the group consisting of La, Th a com 
bination of about 50% La, about 25% Ce and about 
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25% Sin, and a combination of Th with up to two of the 
rare earth elements. 

2. A permanent magnet as claimed in claim 1 in which 
R is a combination of Th and two rare earth elements. 

3. A permanent magnet as claimed in claim 1 in which 
M is Co and R is La. 

4. A permanent magnet as claimed in claim 2 in which 
M is Co and R is LaOI33SmOI33ThU‘34. 

5. A permanent magnet as claimed in claim 1 in which 
M is Co and R is La0,5Ce0_25Smo_25. 
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