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[57] ABSTRACT 
A process for recovering magnetic alloy particles from 
a reaction product cake. The cake is placed in a reac-
tor where it is contacted with a flowing water vapor-
carrying gas which reacts with its calcium content to 
disintegrate the cake and produce a hydrated powder 
comprised substantially of calcium hydroxide and the 
alloy particles. A magnetic zone is generated into a 
cross-section of the reactor substantially encircling the 
inside wall thereof. The zone is generated by at least 
two poles of opposite polarity running the length of 
the zone.. The hydrated powder is fluidized to dissoci-
ate and pass the calcium hydroxide out of the reactor. 
Finer-sized alloy particles carried by the fluidizing gas 
into the magnetic zone are subjected to the magnetic 
field where the poles are rotated or reversed at a rate 
which reverses the positions of the particles suffi-
ciently to release adherent calcium hydroxide leaving 
the finer-sized alloy particles substantially within the 
magnetic zone. 

6 Claims, 1 Drawing Figure 
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R E C O V E R Y O F C O B A L T - R A R E E A R T H ALLOY 
PARTICLES BY HYDRATION-DISINTEGRATION 

IN A MAGNETIC FIELD 

The present invention relates to the t rea tment of a 
magnet ic alloy containing material p roduced by a 
reduct ion-diffusion process. It relates particularly to 
the hydrat ion-disintegrat ion of such material without 
significantly deter iorat ing the magnet ic propert ies of 
the magnet ic rare ear th alloy part icles conta ined 
therein and to the separat ion and recovery of the alloy 
particles. 

U.S. Pat. No. 3 ,748 .193, which is assigned to the as-
signee hereof and which by re fe rence is made part of 
the disclosure of the present appl icat ion, relates to a 
reduct ion-diffusion process for p roducing rare ear th 
intermetall ic compounds or alloys. Briefly stated, one 
embod imen t of the disclosed process comprises provid-
ing a par t icula te mixture of a rare ear th metal oxide, 
calcium hydride and a metal such as cobalt or iron, or 
alloys or mixtures thereof which can also include man-
ganese. heat ing the part iculate mixture in a non-
reactive a tmosphere to decompose the calcium hydride 
and thereby effect reduct ion of the rare ear th metal 
const i tuent , then heating the resulting mixture in a non-
reactive a tmosphere to diffuse the resulting rare ear th 
metal into the a fo rement ioned metal part icles to form 
the desired rare ear th intermetall ic alloy part icles 
which are then recovered f rom the p roduc t . 

It is actually calcium resulting f rom the decomposi-
tion of the calcium hydride which acts to reduce the 
rare ear th oxide to form the rare earth metal . If desired, 
the calcium hydride can be fo rmed in situ by a number 
of methods. One part icular advantage of the use of cal-
cium hydride is that calcium does not alloy in any sig-
nificant amoun t with the cobal t - rare ear th alloy or 
other magnet ic rare ear th alloys fo rmed herein. 

The oxides of the rare ear th metals useful in the dis-
closed pa ten ted process are those of the rare ear th met-
als which are the 15 e lements of the lanthanide series 
having a tomic numbers 57 to 71 inclusive. T h e e lement 
yttrium (a tomic number 39) is commonly found with 
and included in this g roup of metals and , in this disclo-
sure, is considered a rare ear th metal . Mixtures of rare 
earth metal oxides can also be used. Representa t ive of 
the oxides useful in the present invention are samarium 
oxide (SmoOj) , yttrium oxide ( Y 2 0 3 ) and mischmetal 
oxides (M 2 0. i ) , mischmetal being the most c o m m o n 
alloy of the rare ear th metals which conta ins the metals 
in the approximate ratio in which they occur in their 
most c o m m o n naturally occurr ing ores. 

A number of rare ear th intermetall ic alloys can be 
formed merely by using the proper amoun t of the ac-
tive const i tuents . The following equat ion represents the 
stoichiometric react ion for forming Co 5 R, where R is a 
rare ear th metal , by the reduct ion of the rare ear th 
f rom the oxide to a const i tuent of the cobal t intermetal-
lic alloy using samarium as an example: 

5 Co + 1/2 Sm 2O a + 3/2 C a H , H^' Co s Sm + 3/2 C a O 
+ 3/2 H,. 

U.S. Pat. No. 3 ,748,193 discloses that preferably, an 
amount of calcium hydride in excess of the stoichio-
metric a m o u n t necessary to reduce the rare ear th metal 
oxide is used so that the excess calcium hydr ide is con-
verted to metallic calcium which precipi ta tes at t he 
boundaries of the par t ic les of the resulting cobal t - rare 

, 0 0 0 

2 
earth intermetall ic c o m p o u n d , and that the resulting 
product mass can then be placed in air or o ther oxygen 
and moisture-containing a tmosphere to allow the pre-
cipitated calcium to oxidize whereupon it undergoes a 

5 change in volume sufficient to disintegrate the mass 
and release the particles of the cobal t - rare earth inter-
metallic compound . 

When an excess amount of calcium hydride is used, 
a react ion product cake is p roduced wherein particles 

10 of rare ear th intermetallic alloy, for example, cobalt-
rare ear th alloy, are substantially or completely sur-
rounded by calcium and/qr calcium oxide. Also, de-
pending on the part icular react ion condit ions and at-
mospheres with which the product cake is contac ted . 

15 calcium hydride and calcium nitride may also be pres-
ent , usually in minor amounts , at or between the 
boundaries of the alloy particles. Placing such a cake 
or lumps thereof in a moisture containing a tmosphere 
to hydrate the calcium and its compounds to p roduce 

20 calcium hydroxide and disintegrate the cake by the ac-
companying volume expansion is a slow process which 
tends to be partially blocked off by the disintegrating 
powder and is not practical on a commerc ia l scale. The 
problem is that the disintegration does not proceed at 

25 the same rate uniformly throughout the cake but pro-
ceeds in stages since not all of the calcium or calcium 
compounds can be contac ted with the moisture con-
taining a tmosphere at the same t ime. Specifically, with 
each disintegration addit ional calcium or calcium com-
pound is exposed and only then becomes available for 
reaction with the moisture. The disadvantage inherent 
in the use of water or an oxidizing a tmosphere is that 
they react with the alloy particles and cause them to ox-
idize and lose their magnet ic propert ies . 

3^ The present invention provides a significantly faster , 
substantially uniform hydration technique for disinte-
grating the cake or lumps thereof to substantial com-
pletion to p roduce a hydrated powder product contain-
ing discrete particles of the magnet ic rare ear th alloy 

4 0 without significant deter iorat ion of their magnet ic 
propert ies. Also, the present invention provides for a 
dry recovery of the alloy particles f rom the hydrated 
product . 

Briefly stated, the present invention is a process for 
,4'S hydrat ing and disintegrating a react ion product cake 

and recovering the magnet ic port ion thereof . The reac-
tion p roduc t cake is comprised of magnet ic alloy parti-
cles substantially or completely sur rounded by calcium 
and /or a calcium compound selected f rom the group 
consisting of calcium oxide, calcium hydride and cal-
cium nitride. The magnet ic alloy part icles consist es-
sentially of rare ear th metal and a metal selected f rom 
the group consisting of cobalt , iron, manganese and al-
loys thereof . The process comprises providing a sub-
stantially vertical reac tor having a gas inlet at its lower 
end por t ion and an outlet at its upper end port ion, plac-
ing the react ion product cake or lumps thereof in said 
reac tor between said gas inlet and said outlet , passing 

6 0 a water vapor-carrying gas through said gas inlet to 
react with said calcium and or said calcium c o m p o u n d 
causing a significant volume increase which disinte-
grates said react ion product cake, said water vapor-
carrying gas initially having a t empera tu re ranging f rom 

6 5 about 0°C to about 70°C and a relative humidity rang-
ing f rom about 5% to 100%. The react ion p roduc t cake 
is substantially inert to the gas componen t of the water 
vapor-carrying gas. T h e water vapor-carrying gas is 
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passed through the reactor at a rate which fluidizes the 
disintegrated cake within the reactor and until substan-
tial conversion to calcium hydroxide is completed pro-
ducing a substantially hydrated powder. Means arc pro-
vided for generating a magnetic zone a significant dis- 5 
tance into a cross-section o f t h e reactor and to encircle 
the inside wall thereof to at least a significant extent. 
The magnetic zone is comprised of at least two mag-
netic poles of opposite polarity, each magnetic pole 
running the full length of said zone, substantially paral- 1 0 

lei to the associated inside wall o f t h e reactor , said mag-
netic poles being rotatable or reversible. A substan-
tially inert fluidizing gas is passed through the inlet up-
wardly to fluidize the hydrated powder disassociating 
and passing the calcium hydroxide through the outlet. '-1 

Finer-sized alloy particles carried by the fluidizing gas 
into the magnetic zone are subjected to the magnetic 
poles which are rotated or reversed at a rate which re-
verses the positions of the alloy particles sufficiently to 
release adherent calcium hydroxide leaving the finer-
sized alloy particles substantially within the magnetic 
zone. 

The water vapor-carrying gas consists essentially of 
water vapor and a gas to which the alloy particles are 
substantially inert such as nitrogen or argon. Before it 
is introduced into the reactor , the water vapor-carrying 
gas has a relative humidity ranging f rom about 5'-r to 
TOO'; and a tempera ture ranging f rom about 0°C to 
7()°C. and preferably, it is close to room tempera ture . 
i.e.. 20°C to 3()°C. At a relative humidity below 5r4 the 
water vapor-carrying gas produces a hydration reaction 
too slow to be commercially useful. With increasing 
relative humidity, the rate of reaction in the reactor in-
creases resulting in a faster disintegration of the cake. 35 
At a tempera ture below 0°C. the water vapor-carrying 
gas cannot prov ide the minimum necessary relative hu-
midity, and as a practical matter , tempera tures higher 
than 7()°C cannot be used since the hydration reaction 
to form calcium hydroxide is exothermic, and the prod- 40 
uct may overheat and begin to oxidize. The water va-
por-carrying gas can be provided by conventional 
equipment , such as. for example, a home humidifier. 

The water vapor-carrying gas is passed through the 
reactor upwardly to envelop the reaction product cake 45 
material therein. The part icular rate at which the water 
vapor-carrying gas passes through the reactor depends 
largely on its initial relative humidity and tempera ture 
and the rate at which the reaction product cake or 
lumps thereof disintegrate. It should be sufficient to flu- ? 0 

idize the disintegrating material within the reactor to 
provide good contact with the calcium and calcium 
compounds and thereby significantly accelerate their 
hydration and accompanying disintegration of the 
mass. Frequently, af ter reaction o f t h e water vapor with ?-s 

the calcium or calcium compounds , no significant 
amount of water vapor is left in the resulting reacted 
gas passing through the outlet. In the present process, 
water does not condense on the reaction product cake 
during disintegration since its hydration is exothermic 
keeping its t empera ture higher than that of the water 
vapor with which it is con tac ted . However , once the r e : 

action p roduc t cake is completely disintegrated, i.e.. 
there is no more calcium or calcium compound avail- ^ 
able for hydration, the t empera tu re of the disintegrated 
mass cools and such final product should be kept f rom 
contact with water vapor to prevent condensat ion of 

water thereon and its accompanying deterioration of 
magnetic properties. 

The reaction of calcium or its compounds in the pres-
ent process is exothermic, and if desired, a cooling 
jacket may be used to prevent the reactor from over-
heating. The reactor can be equipped with conven-
tional equipment such as a humidity sensor, preferably 
at its upper end portion, to determine the amount of 
water vapor left in the reacted gas. Preferably, it is pro-
vided with thermocouples which are equipped to main-
tain the disintegrating mass below a certain desirable 
maximum temperature , for example 5()°C, by stopping 
the introduction of the water vapor-carrying gas into 
the reactor , and once the disintegrating mass cools 
below the set desired maximum temperature , starting 
up the reaction again by allowing the water vapor-
carrying gas to be passed into the reactor. 

In the present invention the hydration and disintegra-
tion of the reaction product cake proceeds between 
and along the boundaries of the magnetic alloy parti-
cles and the final disintegrated product , i.e., the result-
ing hydrated powder, is usually free-flowing and com-
prised substantially of calcium hydroxide and the mag-
netic alloy particles and frequently contains a minor 
a m o u n t calcium oxide. The magnetic alloy particles 
generally have an average particle size of less than 40 
microns. It is believed that during the accompanying 
increase in volume, much of the calcium hydroxide 
formed by the hydration actually shears away from the 
magnetic alloy particles thus yielding discrete particles 
of calcium hydroxide and magnetic alloy. 

In the present process the magnetic alloy particles 
are recovered f rom the hydrated powder by a fluidizing 
gas and a radially magnetized multi-pole magnet 
thereby preserv ing their magnetic properties. This dry 
separation is made possible because the rare earth alloy 
particles are magnetic and the remainder of the hy-
drated powder is nonmagnetic . Also, the density of the 
present magnetic rare earth alloy particles is substan-
tially higher than that of the calcium hydroxide, i.e., it 
is at least twice that of calcium hydroxide. For exam-
ple. Cor,Sm has a density of 8.6 grams/cc. whereas cal-
cium hydroxide has a density of 2.3 grams/cc. The dif-
ference in densities promotes the retention of the alloy 
particles in the reactor and the elimination of the cal-
cium hydroxide out of the reactor. 

In the present process once the hydrated powder is 
formed, the flow of water vapor-carrying gas through 
the reactor is stopped and a dry substantially inert flu-
idizing gas such as argon or nitrogen, preferably at 
room tempera ture , is passed through the inlet to fluid-
ize the hydrated powder to dissociate the calcium hy-
droxide and carry it through the reactor outlet. The fin-
er-sized alloy particles carried up with the calcium hy-
droxide are subjected to a rotating or reversing multi-
alternating-pole radially magnetized magnet. Specifi-
cally, a multi-pole radially magnetized magnet is used 
to generate a magnetic zone a significant distance into 
a cross-section of the reactor and to encircle the inside 
wall thereof completely or to a significant extent. The 
magnetic zone preferably is located at the upper por-
tion of the reactor and between the gas inlet and the re-
actor outlet . The zone is comprised of at least a pair , 
and preferably several pairs of magnetic poles of oppo-
site polarity, which run the full length of the zone and 
which are substantially parallel to the associated inside 
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wall of the reactor . The magnet ic poles are rotatable o r 
electrically reversible. , 

Those skilled in the art will.gain a fu r the r arid 'better 
unders tanding of the present invention front the de-
tailed description set fo r th below, considered in con- 5 
junction with the sole FIGURE accompanying and 
forming a par t of the specification which illustrates the 
present process and shows a, vertical cross-section 
taken through a typical appara tus const ructed in accor-
dance with the invention. 10 

The accompanying F IGURE shows a vertical cylin-
drical reac tor 1 having a gas inlet 2 and an outlet 3 and 
containing hydrated powder 5 which, for example, con-
sists essentially of magnet ic cobal t -samarium alloy par-
ticles and calcium hydroxide and a minor amount of 15 
calcium oxide. The reac tor is provided with a rotatable 
multi-pole cylindrical radially magnet ized ferri te mag-
net 4 which is radially magnetized in eight strips of al-
ternating polarity and which can be rotated by conven-
tional means such as induction motor not shown. Mag- 20 
net 4 provides reactor 1 with a magnet ic zone 6 which 
penetra tes into the cross-section of the reac tor and en-
circles the associated inner non-magnet ic reactor wall. 
A substantially inert gas such as argon or ni trogen, 
preferably at room tempera tu re , is passed through inlet 25 
2 to fluidize hydrated powder 5 to dissociate the cal-
cium hydroxide f rom the much denser alloy part icles 
and carry the non-magnet ic portion of the hydrated 
powder out of reactor 1 through outlet 3. The finer-
sized alloy particles are carried up to the magnetic zone 30 
where the magnet is rotated sufficiently in the direction 
shown by arrow 7 to cause the resulting rotating mag-
netic poles to reverse the positions of the magnet ic 
alloy part icles causing them to shake off adheren t cal-
cium hydroxide which then passes through outlet 3 
leaving the finer-sized alloy particles 8 in magnet ic 
zone 6. 

Addit ional representat ive means for providing the 
magnetic zone in the present invention are rotatable 
cobal t -samarium alloy pe rmanen t magnets for provid-
ing a rotat ing magnet ic field or electrically com mu-
tated e lec t romagnets for providing a reversible field. 
Whe the r the magnet ic field is rotated or reversed, the 
result is the same, i.e., such rotation or reversibility 
should reverse the positions of the magnet ic alloy parti-
cles sufficiently to shake off the calcium hydroxide 
which is then passed out of the reactor outlet . The final 
separated magnet ic port ion left in the reac tor prefera-
bly never conta ins more than 1 ck by weight of calcium 
in any form. 

The n u m b e r of al ternat ing magnet ic poles employed, 
the opt imum rate of rotat ion or reversal of these poles 
as well as opt imum magnet ic flux is de terminable em-
pirically depending largely on their effect iveness in re-
covering the magnet ic alloy particles. 

If desired, the present hydrated powder can be pro-
duced as disclosed in copending applicat ion Ser. No. 
475 .900 filed of even da te herewith and assigned to the 
assignee hereof and which, by re fe rence , is made part 6 ( ) 

of the disclosure of the present applicat ion. Specifi-
cally, the referred to copending appl icat ion disclose the 
selection of a support screen having holes through 
which material of a desired size will pass and which is 
placed within a hydrat ion zone. The react ion product 
cake is placed on the screen and a water vapor-carrying 
gas is passed through the zone to react with calcium 
and/or calcium c o m p o u n d s in the cake to p roduce cal-

35 

4 0 

45 

50 

cium hydroxide. The resulting volume expansion disin-
tegrates the cake which, upon disintegrating to the de-
sired size, fa l l s : through the. holes in the screen awav 
from substantial ' contac t ;.with the incoming water va-
por-carrying gas. • 

What is claimed;is: 
1. A process tor hvdrating and disintegrating a reac-

tion product cake and recovering the magnetic portion 
t h e r e o f said reaction product cak:e being 'comprised of 
magnet ic alloy particles substantially or completely 
sur rounded by calcium and/or a calcium compound se-
lected f rom the group consisting of calcium oxide, cal-
cium hydride and calcium nitride, said magnetic alloy 
particles consisting essentially of rare earth metal and 
a metal selected f rom the group consisting of cobalt , 
iron, manganese and alloys thereof , which comprises 
providing a substantially vertical reactor having a gas 
inlet at its lower end port ion and an outlet at its upper 
end port ion, placing said reaction product cake in said 
reactor substantially between said gas inlet and said 
outlet, passing a water vapor-carrying gas through said 
gas inlet to react with said calcium and/or said calcium 
compound causing a significant volume increase which 
disintegrates said react ion product cake, said water va-
por-carrying gas initially having a t empera tu re ranging 
f rom about 0°C to about 7()°C and a relative humidity 
ranging f rom about 5'/r to 100%, said react ion product 
cake being substantially inert to the gas componen t of 
said water vapor-carrying gas, said water vapor-
carrying gas being passed through said reactor at a rate 
which fluidizes said disintegrated cake within said reac-
tor and until substantial conversion to calcium hydrox-
ide is completed producing a substantially hydrated 
powder, providing means for generat ing a magnet ic 
zone betw een said gas inlet and outlet a significant dis-
tance into a cross-section of the reactor encircling the 
inside wall thereof to a significant extent and being 
comprised of at least two magnetic poles of opposite 
polarity running the full length of said zone and sub-
stantially parallel to the associated inside wall of the re-
actor , said magnetic poles being rotatable or reversible, 
passing an inert gas through said inlet upwardly to flu-
id ize said hydrated powder disassociating and carrying 
the calcium hydroxide through said outlet , said mag-
netic alloy particles of f iner size carried by said fluidiz-
ing gas into said magnet ic zone being caught by the 
poles which are rotated or reversed at a rate sufficient 
to significantly reverse the positions of the particles re-
sulting in release of adheren t calcium hydroxide leav-
ing the finer-sized particles within said magnetic zone. 

2. A process according to claim 1 wherein the mag-
netic alloy particles consist essentially of Co and Sm. 

3. A process according to claim 1 wherein said means 
is a multi-pole rotatable radially magnetized substan-
tially cylindrical magnet . 

4. A process according to claim 1 wherein said means 
is an electrically commuta ted e lec t romagnet . 

5. A process for recovering the magnetic portion of 
a powdery material comprised substantially of calcium 
hydroxide and magnetic alloy particles, said alloy parti-
cles having an average size less than 40 microns and 
consisting essentially of rare ear th metal and a metal 
selected f rom the group consisting of cobalt , iron, man-
ganese and alloys thereof , which comprises providing 
a substantially vertical reactor having a gas inlet at its 
lOwer end port ion and an outlet at its upper end por-
tion. placing said powdery material in said reactor be-
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tween said gas inlet and said outlet , providing means 
for generating a magnetic zone a significant distance 
into a cross-section of the reactor significantly encir-
cling the inside wall thereof and being comprised of at 
least two magnetic poles of opposite polarity running 
the full length of said zone and substantially parallel to 
the associated inside wall of the reactor , said magnet ic 
poles being rotatable or reversible, passing an inert gas 
through said inlet upwardly to fluidize said hydrated 
powder disassociating and carrying the calcium hy-

8 , 0 0 0 
8 

droxide through said outlet , said magnetic alloy parti-
cles of finer size carried by said fluidizing gas into said 
magnetic zone being caught by the poles which are ro-
tated or reversed at a rate sufficient to significantly re-

5 verse the positions of the particles resulting in release 
bf adherent calcium hydroxide leaving the finer-sized 
particles within said magnet ic zone. 

6. A process according to claim 5 wherein said mag-
netic alloy particles consist essentially of Co and Sm. 

* * * * * 
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