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(57) ABSTRACT 

Powderized compounds of cobalt and one or more 
rare earth metals are produced in a gas transport reac 
tion whereby the reaction components are kept in mo 
tion at least in a zone where the compounds accumu 
late and whereby said reaction components are simul 
taneously subjected to the action of grinding or milling 
weights. 

5 Claims, 2 Drawing Figures 
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POWDERIZED COBALT RARE EARTH METAL 
COMPOUNDS AND PROCESS FOR MAKING SUCH 

COMPOUNDS 

BACKGROUND OF THE INVENTION 

The invention relates to a process for the preparation 
of pulverulent or powderized compounds of cobalt and 
any rare earth metal or mixtures of such rare earth met 
als, whereby a gas transport reaction is employed. The 
present powderized compounds are especially useful 
for making hard magnets. 

Pulverulent compounds made of cobalt and rare 
earth metals or mixtures thereof have achieved great 
importance for the production of permanent magnets, 
because they have a very high coercive force (see, for 
example, "Scientific American, December 1970, 
pages 92 et seq or "Physik in Unserer Zeit", 1970, No. 
4, pages 103 et seq). 

In the known processes for the production of pulver 
ulent compounds, the compound is first produced by 
metallurgical melting processes and then the resulting 
product is ground. For producing a magnet, the powder 
is then usually screened, brought into an aligning mag 
netic field, pressed into a blank and finally sintered. 
The disadvantage of the known processes is seen in 

that the outstanding magnetic properties of the powder 
are greatly impaired during the sintering process. The 
reason for this is generally thought to be that consider 
able impurities, and particularly oxygen, are incorpo 
rated into the regions of the powder grains near the sur 
face, during the grinding process. This occurs even if 
the grinding process is carried out in an inert gas atmo 
sphere, for example, helium or argon, or under a pro 
tective liquid for example xylene. 
To obviate this disadvantage, it is known (D.L. Mar 

tin, M. G. Benz, G. E. Report No. 70-C-261) to add a 
sintering aid to the powder to be sintered in the form 
of a pulverulent additive which is liquid at sintering 
temperature. The effect of this additive is not com 
pletely known. In addition to the formation of the liq 
uid phase, the binding of the detrimental oxygen by the 
additive would appear to be rather important. Without 
the sintering aid, the oxide Sm2 Oa forms in the case of 
Co-Sm so that the required Cos Sm phase passes par 
tially over to Co. Sms which, however, has a poor co 
ercive force. 
To avoid the expensive grinding process, it has been 

proposed to make the powder directly from the ele 
ments by a gas transport reaction, wherein the reaction 
mixture is kept locally in motion more particularly the 
mixture is rotated in order to obtain better mixing. 
With this process, however, the coercive forces ob 
tained with the powder are not quite equivalent to the 
values obtained when mechanical grinding is em 
ployed. This may be due to the fact that Bloch wall key 
ing points produced by the mechanical grinding pro 
cess are absent in the above gas transport reaction pro 
cess, or that the resulting grains are too large. 

OBJECTS OF THE INVENTION 
In view of the above it is the aim of the invention to 

achieve the following objects singly or in combination: 

to overcome the drawbacks of the prior art, more 
specifically to produce improved cobalt rare earth 
metal compounds while employing the gas trans 
port reaction; 
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2 
to produce cobalt rare earth metal powders having 
high coercive forces and which are thus rather suit 
able for further processing to form fine-particle 
hard magnet, 

to produce cobalt rare earth metal compounds in 
powderized form having an average grain size from 
about lp to about 5pu, and 

to produce a cobalt rare earth metal compound in 
powderized form having, whne formed into a mag 
net coercive forces in excess of 20,000 Oerstead. 

SUMMARY OF THE INVENTION 
To this end, according to the invention, in the pro 

cess described above, the reaction components are 
kept in motion and simultaneously subjected to the ac 
tion of grinding weights. 
According to a preferred embodiment of the inven 

tion, the gas transport reaction may take place in such 
a manner that the reaction components are heated in 
a closed reaction system or space into which the reac 
tion components have been introduced in their solid 
state form in the presence of a transport substance, es 
pecially iodine. The reaction components and the 
transport substance form compounds which are volatile 
at the reaction temperature whereby the equilibrium 
constant of the reaction system is such that a reaction 
between the volatile cobalt compound and a rare earth 
metal is possible whereby cobalt is released and that 
further a reaction is possible between the volatile rare 
earth metal compound and cobalt whereby the rare 
earth metal is released. 
The gas transport reaction may also be accomplished 

according to a modified embodiment wherein the co 
balt in powder form and the rare earth metal or mix 
tures of rare earth metals in any suitable form, for ex 
ample in coarsely comminuted form, are heated in a 
common reaction chamber to a temperature at which 
the rare earth metal or the rare earth metal mixtures 
evaporate to a substantial extent and at which tempera 
ture the cobalt vaporizes merely insignificantly. 

In both types of reaction the compound which is ther 
modynamically most stable under the selected stoichi 
ometry and the selected reaction temperature is ob 
tained after a suitably long reaction time has expired 
and after intermediate phases have been formed. 

BRIEF FIGURE DESCRIPTION 

In order that the invention may be clearly under 
stood, it will now be described, by way of example, with 
reference to the accompanying drawings, wherein: 
FIG. 1 shows an apparatus for performing the process 

according to the invention, in which a special transport 
substance is provided, and 
FIG. 2 is an apparatus for performing the process ac 

cording to the invention without a special transport 
substance. 

DETAILED DESCRIPTION OF EXAMPLE 
EMBODIMENTS 

Example l 
It is the aim of the invention to produce a cobalt sa 

marium compound of the formula CosSm by employing 
a gas transport reaction and using a special transport 
substance. 
To this end referring to FIG. 1, 11.76 g of cobalt 1 

and 7.20 g of samarium 2 in the form of lumps, shavings 
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or powder were weighed and placed in a tantalum am 
poule 3 having a length of 100 mm and a diameter of 
20 mm equivalent to a volume of 31.5 cc. 0.22 g of io 
dine (not shown) was added as a gas transport agent. 
The excess of samarium above the stoichiometric ratio 
of 5:1 of the end product CosSm was about 20 percent 
in order to bind the iodides to be precipitated at the 
end of the reaction and in order to compensate for en 
trained oxygen-containing impurities in the starting 
materials and for reactions with the vessel wall. 
Grinding weights 4 of molybdenum, tungsten or tan 

talum were also introduced, for example 90 g of molyb 
denum pins of a diameter of 1 mm and a length of 5 

. 

The tantalum ampoule 3 was then vacuum sealed and 
fused under vacuum into a quartz ampoule 5. The latter 
was rotated by a device 7 in an oven (not shown) at a 
temperature of between 750and 1,150°C, e.g., 850°C, 
and at about 10 to 500, e.g. 100 r.p.m. The reaction to 
CosSm by isothermal gas transport takes place under 
these conditions, partly by way of thermodynamically 
unstable intermediate phases. The lower the selected 
reaction temperature is the more time will the reaction 
require. This fact and the material with which the reac 
tion components, especially the iodine, come into 
contact (vessel walls, grinding weights) determine the 
above-mentioned lower temperature limit. Neverthe 
less, such lower limit is not critical. The reaction is car 
ried out for a period ranging from a few hours to sev 
eral days, for example 24 hours, and then the ampoule 
is cooled and opened in ethanol. After washing out the 
iodides (mainly Smla), CoSm powder is obtained with 
a coercive force of HD 20,000 Oe. This high coercive 
force is caused by the grinding weights. Without the lat 
ter, the resulting product has a coercive force of only 
Hos5,000 Oe. There is as yet no explanation for this 
surprising effect of the grinding weights. It would ap 
pear that the fact that the powder grains are kept small, 
approximately 1-5 a diameter as compared to 20-100pa, 
diameter without grinding weights, due to the avoid 
ance of primary sintering plays some part. Probably, 
however, suitable lattice defects are introduced by 
plastic deformations which serve as anchoring sites for 
the Bloch walls whereby magnetic reversal is made 
more difficult. 

In order to vary the pressure reaction parameter, an 
inert gas may be provided in the reaction chamber 6, 
which is small in order to reduce the transport dis 
tances. The temperature reaction parameter can be 
varied locally and/or as a function of time within the 
thermodynamic limits determined by the end product. 

Example 2 
This relates to the production of high-coercivity 

CoSm by gas transport reaction without the use of a 
special transport substance. 
To this end, referring to FIG. 2, 29.47 g of cobalt 

powder 1 and 15.035 g of samarium shavings 2 and 
balls or pins 4 of molybdenum, tungsten, or tantalum 
having a diameter of about 1-5 mm and a total weight 
of 250 g were introduced into a tantalum reaction ves 
sel 3 which was vacuum sealed and fused under vac 
uum into a quartz ampoule 5. 
The ampoule 5 was then secured to the device 7 

whereby the ampoule can be rotated about the longitu 
dinal axis. The ampoule and its rotating device were 
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4 
placed into an oven (not shown). The oven was heated 
to 750 - 1,150°C, e.g., 850°C, and the quartz ampoule 
5 together with the reaction vessel 3 and contents was 
left therein for a period ranging from a few hours to 
several days, for example 24 hours. The ampoule was 
rotated at about 10-500, e.g., 100 rp.m. As in example 
l, here again the temperature limits are not critical. 
The reaction chamber 6 is divided into two chambers 

by a partition 8 having an opening 9. The samarium 
shavings 2 are disposed in one chamber and the cobalt 
powder 1 and grinding weights 4 in the other chamber. 
Reaction components 1, 2 and the grinding weights 4 
may alternatively be used as shown in FIG. 1 in a mix 
ture with one another and located in a reaction cham 
ber without a partition. 
During heating and simultaneous rotation in the 

oven, the samarium difuses as a vapor through the 
opening 9 in the apparatus shown in FIG. 2 to the co 
balt powder 1 where it reacts with the cobalt. Cobalt 
has a vapor pressure of about 10 Torr at a tempera 
ture of 850°C, while samarium has a vapor pressure of 
about 2 X 10 Torr at the same temperature. There is 
therefore migration of practically only the samarium. 
During the reaction between the samarium and the 

cobalt, intermediate phases of different stoichiometry 
are being formed, for example SmCo., SmCo and 
the like, the melting point of which is, however, greater 
than the maximum reaction temperature of 1,150°C. 
The intermediate phases finally dissolve in favor of the 
thermodynamically most stable end phase SmCos. 
As in example l, the effect of the rotary movement 

with the molybdenum pieces 6 is that the reaction mix 
ture is thoroughly mixed and does not sinter together. 
At the same time, a particular effect is that the reaction 
product is magnetically hardened and has a very high 
coercive force at the end of the reaction, 
The reaction is complete after a period ranging from 

a few hours to several days, depending upon the tem 
perature. For example, completion after 24 hours is ac 
complished at 850°C, whereby CoSm is obtained in 
powder form which is removed from the vessel after 
cooling. 
The shape and particle size of the finished product 

are dependent upon the following parameters: the reac 
tion temperature, reaction time, size and shape of the 
molybdenum grinding pieces, and the ratio of the 
weight of the charge (Sm--5Co) to the total weight of 
molybdenum pieces. A desired particle size and parti 
cle shape for the reaction product can be obtained by 
suitable selection of the parameters within certain lim 
its. 
The shape and size of the powder to be produced can 

also be influenced by different temperatures in the sub 
chambers of the reaction vessel 3. If the temperature in 
the chamber containing the samarium 2 is too high, a 
eutectic may form in the Co powder 1, this is undesir 
able because it has too low a melting point since the sa 
marium vaporizes too rapidly and the supply in the 
chamber containing the cobalt is correspondingly high. 
The molten eutectic may then bond the grains so 
strongly that the molybdenum pieces 6 cannot break 
open the layer whereby the further reaction is stopped. 
The lower the temperature in the chamber containing 
the cobalt powder 1, the slower the diffusion of sama 
rium into the cobalt grains and hence the slower the re 
action to the end product. The coercive force of the 
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SmCos can also be influenced or optimized by suitable 
selection of the temperatures in the two chambers. 
The process described in this example is always appli 

cable if one of the components, for example X or Sm 
in the reaction: 

nX -- mZ -> X Z. 
for example 

1 Sm -- 5 Co -> SmCos 
has a much higher vapor pressure than the other com 
ponent, i.e., Z or Co, and if the intermediate phases 
e.g., Sm2 Coit and the like, have melting points higher 
than the lowest reaction temperature still practical in 
the chamber of the reaction vessel 3 containing the co 
balt powder 1 in FIG. 2. 
The process according to the invention can also be 

used to great advantage for the preparation of other co 
balt and rare earth metal compounds, for example Ce 
MMs Sms Cos, wherein MM denotes the "misch 
metal' which is well known in the steel production as 
a mixture of rare earth metals. 
Although the invention has been described with ref 

erence to specific examples, it is to be understood, that 
it is intended to cover all modifications and equivalents 
within the scope of the appended claims. 
What is claimed is: 
1. In a process for producing powdered SmCos from 

a mixture of reaction components of cobalt and sama 
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6 
rium by a gas transport reaction in a reaction vessel; the 
improvement comprising introducing into said reaction 
vessel as a reaction material powdered cobalt having a 
grain size of up to 100pu and samarium comminuted to 
pieces of up to and including millimeter size, whereby 
the proportions of samarium and cobalt are such that 
the stoichiometric ratio of 5:1 in the end product 
SmCos is assured, introducing grinding weights of suit 
able size into said reaction vessel, said grinding weights 
being of a material selected from the group consisting 
of W, Mo and Ta, evacuating and sealing the reaction 
vessel, keeping said reaction vessel in motion for a pe 
riod of from a few hours to several days while simulta 
neously heating the reaction material and grinding 
weights to a temperature within the range of about 750 
to 1 150°C, and then cooling and opening said reaction 
vessel to obtain said powdered SmCos. 

2. The process of claim 1, further comprising adding 
to said reaction components a quantity of iodine. 
3. The process of claim 1, comprising providing an 

excess of about 10 to 20 percent of samarium above the 
samarium required to satisfy said stoichiometric ratio. 

4. The process of claim 1, wherein said keeping of the 
reaction vessel in motion is accomplihsed by rotating 
the reaction vessel at an rpm of about 10 to 500. 

5. A samarium cobalt-powder product when pro 
duced according to the process of claim 1. 
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