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@ Process for producing metallic niobium or metallic tantalum.

@ Metallic niobium or metallic tantalum is produced by a
process which comprises bringing a fluorine containing com-
pound of niobium. or tantalum:

(A) into contact with a gas comprising hydrogen at a
temperature of at least 400°C; or

{B) into contact with metallic aluminium, metallic
magnesium or metallic lead, at a temperature of at least
300°C;
to convert the fluorine containing compound into the corres-
ponding metal.
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PROCESS FOR PRODUCING METALLIC
NIOBIUM OR METALLIC TANTALUM

The present invention relates to a process for
producing metallic niobium or metallic tantalum.

Conventional processes for producing metallic
niobium (Nb) or metallic tantalum (Ta) include reducing
their chlorides with metallic magnesium or metallic
sodium; using the aluminium Thermit process; and molten
salt electrolysis. These conventional processes are
complex and the use of metallic magnesium or metallic
sodium is costly.

The present invention provides a new, improved,
process. In this process, a fluorine containing
compound of niobium or tantalum is reacted with hydrogen
gas, metallic magnesium, metallic aluminium or metallic
lead, to produce metallic niobium or metallic tantalum.

Accordingly, the invention provides a process for
producing metallic niobium or metallic tantalum, which
process comprises bringing a fluorine containing compound
of niobium or tantalum:

(A) into contact with a gas comprising hydrogen

at a temperature of at least MOOOC; or

(B) into contact with metallic aluminium, -

metallic magnesium or metallic lead, at

a temperature of at least 300°C;
to convert the fluorine containing compound into the
corresponding metal. ,

The reaction should naturally not be conducted
in the presence of material which mars the reaction.
Oxygen, for example air, mars the reaction and hence should
be avoided.~. The reaction in (B) can be conducted in the
bresence of an inert gas or a reducing gas. Alternatively
in (B), the reaction can be conducted "in vacuum", i.e

with no other gas being present besides any from
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the fluorine containing compound and the aluminium,
magnesium or lead.

Preferably, the fluorine containing compound in
the present reaction is gaseous. The compound may
contact initially as a solid with the aluminium,
magnesium or lead and then be heated to make it gaseous.
In a preferred embodiment, in (B) the reaction is
conducted with the compound being gaseous and being in an
inert gas or a reducing gas._"

Thus, the present reactlon is preferably
between gaseous NbF5 or gaseous TaF5 and the hydrogen,
aluminium, magnesium or lead, the gaseous NbF5 or gaseous Ta’:"5
being comprised in the gaseous fluorine containing
compound of niobium or tantalum. The gaseous NbF5 or
gaseous TaF5 in (B) is preferably employed in the inert
gas or reducing gas mentioned above.

Gaseous fluorine containing compound is generally
produced by heating solid fluorine containing compound.

The fluorine containing compound of niobium or
tantalum can be produced by extracting a niobium or
tantalum compound into an organic solvent, and bringing
the solution into contact with an aqueous solution
containing NH, * (and preferably also F~) to extract
into the aqueous phase niobium or tantalum in the form
of a fluorine containing compound of niobium or
tantalum. The fluorine containing compound
can then be crystallized from the aqueous solution.

The organic solvent can be regarded as comprising an
extracting agent which can be in admixture with a
diluent. In a preferred embodiment, the organic
solvent comprises at least one extracting agent

(for example one or two) selected from the group



10

15

20

25

30

we X} (X [ X] ee -

0132073

- 28 -~

consisting of (a) alkylphosphoric acids, (b) neutral phos-
phoric esters, (c) alkylamines and (d) ketones. Preferably,
the organic solvent comprises (i) at least one extracting
agent selected from (a), (b), (¢) and (d), and (ii) a diluent
which is a petroleum hydrocarbon.

The invention is illustrated by the accompanying
drawings, in whrich:

Fig. 1 is a flow sheet illustrating t

o3

e

production using hydrogen gas as reducing agent;

r

o

Fig. 2 is a Tlow sheet illustrating the production
using as reducing agent metallic Al, metzllic Mg or
metallic Pb; -

Fig. 3 is a flow sheet illustrating the production

" of metallic Nb or metallic Ta inclucding the preparation

of fluorine containing compounds of Nb or Ta; and

Fig. 4 is a flow sheet similar to Fig. 3 containing
a stage for treating by-product gases produced in the
reaction stage. '

Referring to the drawings, Fig. 1 illustrates
the production of Nb or Ta. Fluorine containing
compounds (&) of Nb or Ta are supplied to the
vaporization stage (B) to produce gaseous NbF5 cr Tan.
The gaseocus NDFS or TaF5 is transferred'to a reactor
s (C) and the temperature

which is full of hydrogen ga
°C (Re:

is mairntainrned at above 400 ction stage (D) ). In
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according to the following equzations:

NbF5 + 2.5H, ~> Nb + SHF (1)
TaF5 + 2.5H2—*%'Ta + SHF (2)

Fig. 2 illustrates the production using as
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reducing agent metallic aluminium, metallic maguesium
or metallic lead, instead of hydrogen gas. Gaseous TaF5
or NbF5 is prepared by supplying fluorine containing
compounds of Ta or Nb (A), such as crystals of
(NHu)ETaF‘7 or (NHu)ZNbF7, respectively, to the
vaporization stage (B) and heating them at a

temperature above 150°C, as expressed by the following
equations:

(NHu)ZNbF & 2NH Ft + NbF.1 (3)

7 5

(NHu)ZTaF7 = 2NHuF1 + TaFSt (4)

In the reaction stage (D), an inert gas or a
reducing gas fills the reactor and metallic aluminium,
metallic magnesium or metallic lead heated to above
300°C is supplied to the reactor. The NbF5 or TaF5
supplied from the vaporization stage (B) to the reaction
stage (D) produces metallic Nb or Ta, respectively,
by reduction. This reaction stage (D) may be carried
out in vacuum.

NbFy + 18 Al == Nod + 1% R1Fgt (5)
TaFg + 18 Al S=2Tal + 1% ALF o1 (6)
NoFy + 23 Mg &= Nbv + 23 MgF.,,t (7)
TaFg + 23 Mg T=2Tal + 2} MgF,t (8)
NbF5 + 2% Pb &2 Nbd + 2% PbF21 | (9)
TaFg + 23 Pb ©2Tad + 2} POF, (10)

Fig. 3 illustrates the process of the invention

including the preparation of fluorine containing
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compounds (A) of Nt or Ta and zlso the recovery of HF
produced as by-product in the reaction stage.

The organic solution (H) containing extracted Nb or
Ta is delivered to the stripping stage (J) and allowed to
contact with the aqueous solution (K) containing F  and NHu+.
The Nb or Ta is transferred to the aqueous phase, and the
orgaric solvent (P) is transferred to the circulation route
to the extraction stage. The transfer can be expressed by

the following equations:

H,NDF,.nTBP + 2NH,F &= nTBP + (NH,),NoF, + 2HF (11)
HyTaF, .nTBP + 2NH,HF, &= nTBP + (NH,),TaF; + 2HF (12)
RNb + SNH,HF, &= 5RH + (NH,),NbF, + 3NH,F (13)
R Ta + SNH,HF, = SRH + (NH),TaFq + 3NH,F (14)
(R3NH+)2.NbF72— . 2NHMHF2?—;2 2R NH'.F™ + (NH,),NbFy + 2HF (15)
(R3NH*)2.TaF72‘ + 2NH,HF, == 2R NH.F~ + (NHL‘)ZTaF,?» + 2IF  (16)

Ir. these equations, TBP represents tributyl phosphate and R is
such that RH represents an extracting agent having an H-type
exchanging group. It should be understood that the chemical
species of the niobium or tantalum compound crystal obtained
varies according to the molar ratio NHM+/F— in the solution
containing both NHu+ and F~ as well as the species appearing
in the equations above.

The crystals'formed are separated by filtration in the
separation stage (L), and the subsequent operations to obtain
metallic Nb or Ta are as shownAin Fig.1. The by-product HF gas
(F) in the reaction stage (D) is absorbed for recovery in the gas
absorbing stage (M) where a solution containing NHu+ and F~
circulates.

The process illustrated in Fig.l4 is basically the
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same as that in Fig. 3, but differs in that as reducing
agent (C) there is used metallic aluminium, metallic
magne sium or metallic lead, and by-product gases
produced in the reaction stage (D) are A1F3, MgF2 or
PbF2 as illustrated in equations (5) to (10) above.

The gases (F}, Alt.,, MgF2 or PbF2, produced as
by-product in the reacti;n stage (D) react with H20 or
moist air supplied in the oxidation stage (N) and are
converted into easily recoverable HF gas, as expressed
by the following equations:

——
2A1F3 + 3H,0 &= A1203 + BHF (17)
MgF, + H,0 — Mg0 + 2HF (18)
PbF, + H,0 == Pb0 + 2HF (19)

The oxides produced, A1203, MgQ or PbO, contain

as little fluorine as is permissible for commercial

material. The HF gas is recovered in the gas absorbing

.stage (M).

It is an advantage of the present invention
that the fluoride content of the by-product produced
in the present basic reaction, if.e. of the HF, A1F3,
MgF2 or PbFz, can be recovered and recycled for use in
the aqueous solution discussed above which is preferably
employed to produce the fluorine containing compound
of niobium or tantalum.

In the present invention, gaseous TaF5 or
NbF5 can be produced by vaporization of fluorine con-
taining compounds of Nb or Ta such as (NHM)ZNbF7 or
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(NHu)2T3F7. The vaporization can be carried out using
an external heating furnace, an external heating type
rotary fufnace or naturally a flow type external
heating furnace.

The gaseous NbF5 or gaseous TaF5 is preferably
prepared by heating (NHu)szF7 or (NHM)ZTaF7 at a
temperature above 150°C.

For the reactor used in the invention, furnaces
of various known types can be employed such as the
closed type of electric furnace, shaft furnace, rotary
or static type of external heating furnace. Metallie
aluminium, magnesium or lead used as
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reducing agent may be employed in the form of a gas or
liquid ¢r mixture thereof.

The metallic Nb or Ta can be produced by bringing
the gaseous fluoride in a stream of an inert gas or a
reducing gas or in vacuum into contact with the
metallic reducing agent.

The inert gas which can be employed to maintain the reaction
condition of the redctor can be selected for example from
the group consisting of argon, helium and nitrqgen.
Reducing gases which can be employed in the invention
include HZ’ CO and various gaseous hydrocarbons CmHn.

The alkylphosphoric acids which can be employed
as extracting agents in the invention, to produce
fluorine containing compounds of Nb or Ta, are

selected fron the,group consisting of the following
compounds:

(a) (b) (c)

6] 0 0 0

I I I I

RO-P-0OH , RO-P-0OH , RO-P-0-P-0OR ,

l l I I

OR OH OH OH

(d) (e) (r)

0 0 0

I I I

R-P-OH , R-P-OH , R-P-OH ,

| | |

OR R OH

where R represents an alkyl group, generally of 4 to 22
carbon atoms.

The neutral phosphoric esters which can be
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employed as extracting agents are selected

from the following compounds:

(a) (b) (ec) (d)
0 0 : 0 C
I I ll |l
RO - P - OR , R-P-0OR , R-P~OR , R~PS.-R
, N | |

R is as defined above. TBP (tributyl phosphate) used in
the Examples and referred to above is of formula (a)
where R = “qu.

The zlkylamines which can be employed as extracting

agents are selected from the following group
of compounds:

Frimary amines : Represented Gty RNHZ, where R
rerresents an alkyl group of 4 to

22 carbon atoms.

Secondary amines : Represented by R2N' or RZNH, where
R represents an alkyl group of

4 to 22 carbon atoms.

Tertiary amines : Represented by R3N or R3NH+,
where R represents an alkyl group

of 4 to 22 carbon atoms.

An example of a ketone which can be employed as

extracting agent is as follows:
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CH

CH3CHCH2

\

C=20

/

CH3

3

In addition to the above-mentioned compounds,
cyclohexarmone (C6H120) is also often employed.

The diluents which can be employed are mostly
petroleum hydrocarbons, but aromatic and aliphatic
hydrocarbons and mixtures thereof may also be used.
For example, kerosene, a2 mixture of many kinds of
hydrocarbon, is commonly used.

The concentration of extracting agent should be
chosen according to the character of the treated
solution, the concentration of metal ions, the
concentration and nature of impurities, and the nature
of the chemical =pecies to be extracted, but generally
is 2 to 100% by volume.

The invention is illustrated by the following

Examples, which describe preferred embodiments:
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Example 1:

HzTaF7 extracted by a solvent consisting of 60% by
volume TBP and 40% by volume aromatic (the aromatic being
Shellsol AB), was stripped by an aqueous solution con-
taining 250 g/l of NHyF, to obtain ecrystals of (NHH)2TaF7.

20 g of these crystals were introduced into a vaporization
furnace and heated to 220°C under a stream of H2 gas. Gaseous
TaF5 formed in the vaporization furnace and was transferred
to a reactor which was maintained at a temperature of 600°C.
The reaction was continued for an hour, and then the reactor
was cooled. A substance had adhered to the inner wall of

the reactor, and this substance proved to be Ta, as confirmed
by X-ray diffraction analysis. The substance amounted to10 g.
Example 2:

H2NbF7 extracted by 100% MIBK (methyl isobutyl ketone)
was stripped with an aqueous solution containing 250 g/l of
NH,HF,, to obtain crystals of (NHu)ZNbF7, of which 180 g was
heated in an atmosphere of helium to produce NbFS. The
NbF5 gas was continuously treated in a reactor in which the
NbF5 containing gas just obtained was blown onto an aluminium
metal surface heated at 950°C in a helium stream. After 6
hours of continuous treatment, the reactor was cooled and
disassembled. A substance was found on the aluminium sur-
face in an amount of 62 g and this substance proved to be
metallic Nb, as confirmed by X-ray diffraction analysis and
chemical analysis.

Example 3:

H NbFg extracted by a solvent consisting of 80% by
volume cyclohexanone and 20% by volume Shellsol AB was
stripped with an aqueous solution containing 200 g/l of
NH,HF,, to obtain crystals of (NHu)2NbF7. These crystals
and metallic lead were heated separately in an external

"heating furnace. Gases of metallic Pb and NbF5 were led

to a reactor and held for 2 hours at a
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reactor temperature of 750°C. The reactor was then
cooled and disassembled. Powder adhering to the
inner wall of the reactor proved to be metallic

Nb by X-ray diffraction measurement and chemical
analysis.



10

15

20

25

30

0132073
- 11 -

CLAIMS

1. A process for producing metallic niobium or
metallic tantalum, which process comprises bringing
a fluorine containing compound of niobium or tantalum:
(A) into contact with a gas comprising hydrogen
at a temperature of at least 400°C; or
(B) into contact with metallic aluminium,
metallic magnesium or metallic lead, at
a temperature of at least 300°C;
to convert the fluorine containing compound into the
corresponding metal. '

2. A process for producing metallic niobium or

‘metallic tantalum, which process comprises bringing gaseous

NbF5 or gaseous TaF5 into contact with a gas comprising
hydrogen at a temperature of at least 400°C, to convert
the NbF5 or TaF5 into the corresponding metal.

3. A process for producing metallic niobium or metallic
tantalum, which process comprises bringing gaseous NbF5 or
gaseous TaF5 into contact with metallic aluminium, metallic
magnesium or metallic lead, at a temperature of at least
300°C, to convert the NbF5 or TaF5 into the corresponding
metal. )

4, A process according to claim 3 wherein the gaseous
NbF5 or gaseous TaF5 is in an inert gas or a reducing gas.
5. A process according to claim 1 wherein the fluorine
containing compound of niobium or tantalum is prepared by
extracting a niobium or tantalum compound into an organiec
solvent comprising at least one extracting agent selected
from the group consisting of (a) alkylphosphoric acids,
(b) neutral phosphoric esters, (c¢) alkylamines and

(d) ketones,and bringing the solution into contact

with an aqueous solution containing NH,_‘+ to extract

into the aqueous phase niobium or tantalum in the

form of a fluorine containing compound of niobium or
tantalum,
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6. A process according to any one of claims 2-4 wherein
the gaseous NbF5 or gaseous TaF5 is prepared by heating

a fluorine containing compound of niobium or tantalum,
which compound has been produced by extbacting a niobium
or tantalum compound into an organic solvent comprising
(i) at least one extracting agent selected from the

group consisting of (a) alkylphosphoric acids,

(b) neutral phosphoric esters, (c) alkylamines

and (d) ketones, and (ii) a diluent which is

a petroleum hydrocarbon. and bringing the solution

into contact with an aqueous solution

containing NH,_;+ to extract into the aqueous phase niobium
or tantalum in the form of a fluorine containing compound
of niobium or tantalum.

7. A process according to any one of claims 2-4 and 6
wherein the gaseous NbF5 or gaseous TaF5 is prepared by
heating (NHu)ZNbF
150°¢C.

8. A process according to any one of claims 2-4 wherein

7 or (NH4)2T3F7 at a temperature above

the gaseous NbF5 or gaseous TaF5 is prepared by heating a
fluorine containing compound of niobium or tantalum, which
compound is prepared as defined in claim 5.
9. A process according to any one of the preceding
claims wherein metallic tantalum is produced by a process
comprising bringing gaseous TaF5 into contact with a gas
comprising hydrogen at a temperature of at least UOOOC,
to convert the TaF5 into metallic tantalum.
10. A process according to any one of claims 1-8
wherein metallic niobium is produced by a process
comprising bringing gaseous NbFS:

(a) in helium into contact with metalliec

aluminium; or

(b) into contact with gaseous metallic

lead; ‘
at a temperature of at least 300°C, to convert the

NbF5 into metallic niobium.
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