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This invention: relates to a method of recovering tan-
talum and columbium from their ores.

This is a continuation-in-part of United States patent
applications Serial Numbers 534,610, filed September 15,
1955, now abandoned, and 239,393, filed July 30, 1951,
now abandoned.

In the case of tantalum or columbium, these metals
cannot be recovered {rom tantalite, columbite and similar
ores by a smelting process, nor can they be obtained by
a reduction of the oxides with hydrogen. Under the pres-
ent process, these ores are fused with caustic soda to
convert the tantalum and columbiuvm into a fused mass
of crude sodium tantalate and sodium columbate mixed
with a number of impurities, After cooling, the fused
mass is crushed and the water soluble impurities removed
by leaching with water. The acid soluble impurities are
then removed by treating the mass with hot hydrochloric
acid. This converts the sodium tantalate and sodium
columbate into insoluble tamtalic and columbic acids.
This mixture of acids is then dissolved in hot hydro-
fluoric acid and potassium carbonate is added to form
the double salts, potassinum tantalum fluoride and potas-
sium columbium oxyfluoride. The hot solution is then
cooled. - The potassium tantalum fluoride crystalizes out
leaving the potassium columbium oxyfluoride in solution.
The columbium salt is then recovered from the solution.

The pure tantalum and columbium metals may be

obtained directly from the double finorides by electrolysis
of the respective fused salts. Also, the salts may- be con-
verted to oxides by treating the same with an alkaline
solution such as sodium hydroxide after which the result-
ing salt is washed and then treated with an acid such as
hydrochloric acid after which the resulting powder is
washed. When tantalum is treated this way the result-
ing oxide is an hydrated oxide (Tay05—H,0).
* When the pure tantalum and columbium metals are
obtained by electrolysis, the metal become dispersed as
fine grains or powder in the salt mass as electrolysis pro-
gresses. After electrolysis, the salt mass is crushed and
the metal recovered from the crushed mass.

The electrolysis of the fused tantalum or columbium
metal salts is a costly operation. Recovery of the. tan-
talum or columbium metal from the oxides thereof is also
a costly operation. The new method of this invention
provides a more economical means for the production of
tantalum and columbium and eliminates many. of the
costly steps heretofore used in recovering the metals from
the salts or oxides.

. In our co-pending United States patent application,
Serial Number 534,609, filed September 15, 1955, now
abandoned, which is a continuation-in-part of our United
States patent applications, Serial Number 195,910, filed
November 15, 1950, now abandoned, and Serial Number
239,391, filed July 30, 1951, now abandoned, we have dis-
closed and claimed a method for the recovery of refrac-
tory metals including tantalum and columbium whereby
the double salt of tantalum or columbium- (as for exam-
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ple potassium tantalum fluoride and potassium colum-
bium oxyfluoride) is first reacted with aluminum forming
an intermetallic compound or alloy of aluminum and
tantalum or columbium. The intermetallic compound
or alloy is reacted with a third metal, such as copper,
silver or gold which is substantially insoluble in the tan-
talum or columbium, but which alloys with the aluminum.
As a result, the tantalum or columbium is obtained in sub-
stantially pure form as finely divided particles dispersed
throughout the aluminum-third metal alloy.

We have discovered that tantalum or columbium can
be recovered from its compound by heating the tantalum
or columbium compound with an alloy of aluminum and
a third metal, such as copper, silver or gold, which is sub-
stantially insoluble in tantalum or columbium. The Te-
sulting mixture includes columbium or tantalum dis-
persed therethrough in a finely divided, substantially pure
state. The substantially pure tantalum or columbium is
then separated from the mixture.

To simplify the description of the new method, refer-
ence is made specifically to the preparation of tantalum
and columbium from potassium tantalum fluoride, tan-
talum oxide, potassium = columbium oxyfluoride and
columbium pentoxide. ‘It is understood that the method
is applicable to other compounds of tantalum and colum-
bium.

In reacting, for example, an aluminum-copper alloy
with potassium tantalum fluoride, the potassium tantalum
fluoride may be placed in a crucible or other container,
and the potassium tantalum fluoride covered with a
graphite plate. The alloy may be placed on the graphite
plate and the mass covered with a suitable slag material
such as sodium chloride. The graphite plate retains the
aluminum-copper alloy above the potassium tantalum
fluoride until the alloy becomes molten. This prevents
the alloy from setiling at the bottom of the crucible be-
fore contacting and reacting with the potassium tantalum
fluoride. The mass is then heated; the molten aluminum-
copper alloy is allowed to contact the potassium tantalum
fluoride; and reaction occurs. The resulting mass may be
agitated with a graphite rod or other inert material to
insure a thorough mixing of the salt and the aluminum-
copper alloy.

The mass resulting from the above reaction includes
tantalum in a finely divided, substantially pure state dis-
persed therethrough as well as aluminum fluoride and
potassium fluoride. The fluorides may be volatilized or
may remain as a constituent of the slag, depending upon
the temperature of the mass. The tantalum is recovered
from the ingot by dissolving the copper or an alloy of
aluminum and copper remaining in the mass in nitric
acid, following which the tantalum is washed free of acid
and dried.

In the event that the equivalent of three mols of potas-
sium tantalum fluoride is reacted with five mols of cop-
per-aluminum alloy, then the reduction of the poiassium
tantalum fluoride or the reaction of this salt with the
aluminum-copper alloy may be represented by the follow-
ing theoretical equation:

3K,TaF;4-5CuAl> 5AIF;4-6KF L 5Cu+3Ta

It is readily seen that under such conditions the mix-
ture resulting from the reaction between the aluminum-
copper alloy and the potassium tantalum fluoride includes
aluminum fluoride, potassium fluoride, free copper and
substantially pure tantalum dispersed as minute grains
throughout the bedy of the mixture. Since the copper
and tantalum are mutually insoluble, the tantalum is read-
ily separable from the mixture, as by dissolving the cop-
per in nitric acid and then washing the tantalum free of
acid. T




Yo the event that a smallér proportion of aluminum
s used’ in the reaction, then only some of the tantalum
will be recovered and a portion of potassium tantalum
fiuoride will remain. . »

- To ensure optimum recovery of tantalum, it is preferfed
to employ an excess of the aluminum-third metal alloy.
Under such conditions the product resulting from the re-
action of the aluminum-third metal. (copper, gold or
sifver) alloy with, for- example, potassium tantalum fluo-
ride, - includes aluminum  fluoride, potassium fluoride,
aluminum-copper alloy and tantalum metal in a finely
divided, substantiaily pure state dispersed throughout the
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metallic portion. . Under such conditions, substantially ail

of the fluorides remain as constituents of the slag. Since
{hie tantalum is substantially insoluble in the copper-alum-
inum alloy, it may be recovered from the reaction mix-
ture by dissolving the alloy in nitric acid, follewing which
the tantalum is washed free of acid and dried.

- In recovering the tantalum metal from tantalum oxide,
the method is substantially identical to the method em-
ployed when recovering the metal from the halide ex-
cept that a fluxing agent such as an alkali metal halide
flux is added to the oxide powder. .

- The new method of this invention for the recovery
of tantalum and columbium from their respective com-
pounds may be illustrated by the following specific
examples: . .
» Example 1

An aluminum-copper alloy was prepared by melting

15. parts. by weight of aluminum in a crucible, about 50
parts by weight of sodium- chloride being used as-a slag
to protect the aluminum from the atmosphere. The
aluminum was. heated to a temperature of about 1500°
C. and about 140 parts by weight of copper added.
. '35 parts by weight of potassium tantalum fluoride salt
were placed in a graphite crucible and a graphite plate
placed over the salt. About 150 parts by weight of the
solid aluminum-copper alloy were placed on the graphite
plate -and approximately 50. parts by weight of sodium
chloride placed over the aluminum-copper alloy to serve
as a protecting slag. .The mass was then heated to a
temperature. of about 1500° C. and the molten alumi-
num-copper alloy allowed to contact the potassium tan-
talum fiuoride salt. The resulting mass was maintained
at a temperature above the ‘melting point of the alumi-
num-copper alloy for approximately 20 minutes after the
alloy became. molten to form a reaction mixture. - Dur-
ing this period, the mass was agitated with a graphite
rod. After cooling, the slag. was removed, and the re-
action mixture, in the form of an ingot, was treated with
dilute nitric acid to dissolve the aluminum-copper alloy.
The tantalum was then recovered by filtering the finely
divided particles of tantalum from the nitric acid solu-
tion, following which the tantalum. particles. were washed
with nitric and hydrochloric acids, washed free of: these
acids with water, and then dried. o

Example 2

" Tantalum was produced in the same manner as in Ex-

ample 1, except that silver was employed instead of cop-

per in the alloy. The results were substantially the same

as in Example 1. -
Example 3

Tantalum was prepared in the same manner as in Ex-
ample 1, except that gold was employed instead of copper
in the alloy. The results were substantially the same as
in. Example 1.

Example 4

An aluminum-copper alloy was prepared by melting 15
parts by weight of aluminum in a crucible, about 50 parts
by, weight of sodium. chloride being used as a slag to
protect the aluminum from the atmosphere. The alumi-
pum.was heated to a temperature of about 1500° C. and
about 140 parts by weight of copper added. -
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25 parts by weight of tantalum oxide were placed in
a graphite crucible and a graphite plate placed over the
oxide. About 150 parts by weight of the solid alumi-
num-copper alloy were placed on the graphite plate and
approximately 50 parts by weight of sodium fluoride
placed over the aluminum-copper alloy to serve as a pro-
tecting slag.. The mass was then heated to a temperature
of about 1500° C. and the molten aluminum-copper alloy
allowed to. contact the tantalum oxide. The. resulting
mass was maintained at a temperature above the melting
point of the. aluminum-copper alloy for approximately
20 minutes after the alloy became molten to form a re-
action mixture. During this period, the mass was agi-
tated with a graphite Tod. After cooling, the slag was
removed, and the reaction mixture, in the form of an
ingot, was treated with dilute nitric acid to dissolve the
aluminum-copper alloy. The tantalum was then re-
covered by filtering the finely divided particles of tanta-
lum from the mitric acid solution, following which the
tantalum particles were washed with nitric and hydro-
chloric acids, washed free of these acids with water, and
then dried.

E)camples 5

Tantalum was produced in the same manner as in Ex-
ample 4 except that silver was employed instead of cop-
per in the alloy. - The results were substantially the
same as in: Example 4. -

Example 6

Tantalum was prepared in the same manner as in BEx-
ample 4 except that gold was employed instead of cop-
per in the alloy. The resulis were substantially the same
as in Example 4. :

Example 7

. An aluminum-copper alloy was prepared by melting
15 parts by weight of aluminum in a crucible, about 50
parts by weight of sodium. chloride being used as a slag
to protect the aluminum from the atmosphere. The
aluminum was heated to a temperature of about 1560° C.
and about 140 parts by weight. of copper added.

25 parts by weight of potassium columbium. oxyfluo-
ride salt were placed in a graphite crucible and a graphite
plate placed over the salt.. About 150 parts by weight
of the solid aluminum-copper alloy were placed on the
graphite plate and about 50 parts by weight of sodium
chloride placed over the aluminum-copper alloy to. serve
as a protecting slag.. The mass was then heated to a
temperature of about 1500° C. and the molten alloy
allowed to contact the. potassium ‘columbium: oxyfluoride.
The resulting mass was maintained at a temperature
above the meiting point of the zluminum-copper alloy
for approximately 20 minutes after the alloy became
molten to.form a reaction mixture. During this period
the mass was agitated with a: graphite rod. After cool-
ing, the slag was removed and the reaction mixture, in
the form of an ingot, treated with dilute nitric acid to
dissolve the aluminum-copper alloy.” The columbium: was
then recovered from the solution by filtering the finely
divided particles -of columbium from the nitric acid solu-
tion, .following which the. columbium ' particles -were
washed. with nitric and hydrochlori: acids, washed free
of these. acids with water, and then dried.

Example 8

Columbium was produced in the same manner as in
Example 7, except that silver was employed instead of
copper in the alloy. The results were substantially the
same as in Example 7. - R .

Example 9

Columbium was produced in' the same. manner-as in
Example 7, except that gold was employed instead of
copper in the alloy. The results were substantially the
same as in Bxample 7. - - . I
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Example 10

An aluminum-copper alloy was prepared by melting
15 parts by weight of aluminum in a crucible, about 50
parts by weight of sodium chloride being used as a slag
to protect the aluminum from the atmosphere. The
aluminum was heated to a temperature of about 1500° C.
and about 140 parts by weight of copper added.

18 parts by weight of columbium oxide were placed
in a graphite crucible and a graphite plate placed over
the oxide. About 150 parts by weight of the solid alumi-
num-copper alloy were placed on the graphite plate and
about 50 parts by weight of potassium fluoride placed
over the aluminum-copper alloy to serve as a protecting
slag. The mass was then heated to a temperature of
about 1500° C. and the molten alloy allowed to contact
the columbium oxide. The resulting mass was main-
~tained at a temperature above the melting point of the
aluminum-copper alloy for approximately 20 minutes
after the alloy became molten to form a reaction mix-
ture.  During this period the mass was agitated with a
graphite rod. After cooling, the slag was removed and
the reaction mixture, in the form of an ingot, treated
with dilute nitric acid to dissolve the aluminum-copper
alloy. The columbium was then recovered from the
solution by filtering the finely divided particles of colum-
bium from the nitric acid solution, following which the
columbium particles were washed with nitric and hydro-
chloric acids, washed free of these acids with water, and
then dried.

Example 11

Columbium was produced in the same manner as in
Example 10, except that silver was employed instead of
copper in the alloy. The results were substantially the
same as in Example 10,

Example 12

Columbium was produced in the same manner as in
Example 10, except that gold was employed instead of
copper in the alloy. The results were substantially the
same as in Example 10.

The foregoing detailed description is given for clear-
ness of understanding only, and no unnecessary limita-
tion should be understood therefrom, for some modifica-
tion will be obvious to those skilled in the art.

We claim:

1. In the recovery of a metal selected from the group
consisting of tantalum and columbium, the method which
comprises: heating an inorganic compound of the selected
metal with an alloy of aluminum including a third metal,
said compound being substantially completely reducible
to the metal state in molten aluminum, said third metal
being present in a sufficient quantity to dissolve sub-
stantially all of the aluminum and being incapable of
dissolving the selected metal and having a lower melting
point than the selected metal, to form a reaction mixture
including said selected metal in a finely divided, substan-
tially pure state; and separating the selected metal from
the mixture,

2. The method as set forth in claim 1 wherein an excess
of an alloy of aluminum and the third metal is employed.

3. In the recovery of a metal selected from the group
consisting of tantalum and columbium, the method which
comprises: heating an inorganic compound of the selected
metal with an alloy of aluminum including a third metal,
said compound being substantially completely reducible
to the metal state in molten aluminum, said third metal
being present in a sufficient quantity to dissolve substan-
tially all of the aluminum and being incapable of dissolv-
ing the selected metal, to form a reaction mixture in-
cluding said selected metal in a finely divided, substan-
tially pure state, said third metal being 2 member of the
class consisting of copper, silver and gold; and separating
the selected metal from the mixture.

4, The method of recovering a metal selected from
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the group consisting of tantalum and columbium from
a double fluoride of an alkali metal and the selected metal
which comprises: heating a double fluoride of an alkali
metal and the selected metal with an alloy of aluminum
including a sufficient quantity of a third metal to dissolve
substantially all of the aluminum, said third metal being
incapable of dissolving the selected metal and having a
lower melting point than the selected metal, to form a
reaction mixture including the said selected metal in a
finely divided, substantially pure state; and separating
the selected metal from the mixture, said double fluoride
being substantially completely reducible to the metal
state in molten aluminum.

5. The method as set forth in claim 4 wherein an
excess of the aluminum-third metal alloy is employed.

6. The method of recovering a metal selected from the
group .consisting of tantalum and. columbium from. a
double fluoride of an alkali metal and the selected metal,
which comprises: heating a double fluoride of an alkali
metal and the selected metal with an alloy of aluminum
including a sufficient quantity of a third metal to dissolve
substantially all of the aluminum, said third metal being
incapable of dissolving the selected metal, to form a re-
action mixture including the said selected metal in a
finely divided, substantially pure state, said third metal
being a member of the class consisting of copper, silver
and gold; and separating the selected metal from the mix-
ture, said double fluoride being substantially completely
reducible to the metal state in molten aluminum.

7. The method of recovering a metal selected from the
group consisting of tantalum and columbium from a
double fluoride of an alkali metal and the selected metal
which comprises: heating a double fluoride of an alkali
metal and the selected metal with an alloy of aluminum
including a sufficient quantity of copper to dissolve sub-
stantially all of the aluminum, to form a mixture includ-
ing the selected metal in a finely divided, substantially
pure state; and separating the selected metal in its pure
state from the mixture, said double fluoride being sub-
stantially completely reducible to the metal state in
molten aluminum.

8. The method as set forth in claim 7 wherein the
selected metal is tantalum.

9. The method as set forth in claim 7 wherein the
selected metal is columbium.

10. The method as set forth in claim 7, wherein the
alkali metal is potassium.

11, The method as set forth in claim 10, wherein the
selected metal is tantalum.

12. The method as set forth in claim 10, wherein the
selected metal is columbium.

13. In the recovery of a metal selected from the group
consisting of tantalum and columbium, the method which
comprises: heating an oxide of the selected metal with
an alloy of aluminum including a third metal, said third
metal being present in a sufficient quantity to dissolve
substantially all of the aluminum and being incapable of
dissolving the selected metal and having a lower melting
point than the selected metal, to form a reaction mixture
including said selected metal in a finely divided, substan-
tially pure state; and separating the selected metal from
the mixture, said oxide being substantially completely
reducible to the metal state in molten aluminum.

14. In the recovery of a metal selected from the group
consisting of tantalum and columbium, the method which
comprises: heating an oxide of the selected metal with
an alloy of aluminum including a sufficient quantity of a
third metal to dissolve substantially all of the aluminum,
said third metal being incapable of dissolving the selected
metal, to form a reaction mixture including said selected
metal in a finely divided, substantially pure state, said
third metal being a member of the class consisting of
copper, silver and gold; and separating the selected metal
from the mixture said oxide being substantially complete-
ly reducible to the metal state in molten aluminum,
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15, 'The :method as set forth in claim 13 wherein .an
excess of an .alloy .of aluminum and the third metal is
employed.

16. The method :as set forth in clalm 13 wherem the
selected metal is tantalum.

17. The method as set forth in claim 13 wherein the
selected metal is columbium.

18. The method as set forth in claim 14 ‘wherein the
selected metal is tantalum.

19. The method as set forth in .claim 14 wherem the

selected ‘metal is columbium.
" 20. In the recovery of a metal selected from the group
consisting of tantalum and columbium, the methed which
comprises: melting an inorganic compound of the select-
ed ‘metal, the compound being substantially completely
geducible to the metal state in ‘molten aluminum; adding
an alloy of aluminum including a third metal to the
molten compound of the selected metal, said third metal
‘being capable of dissolving aluminum and present in-a
sufficient’ quantity to dissolve substantially all of the
aluminum and being incapable of dissolving the selected
qmetal and having a lower melting point than the selected
metal, to form a reaction mixture including said selected
metal in a finely divided, substantially pure state; and
separating the selected metal from the mixture.
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