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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. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  p r o c e s s   f o r  

p r o d u c i n g   m e t a l l i c   n i o b i u m   or  m e t a l l i c   t a n t a l u m .  

C o n v e n t i o n a l   p r o c e s s e s   f o r   p r o d u c i n g   m e t a l l i c  

n i o b i u m   (Nb)  or  m e t a l l i c   t a n t a l u m   (Ta)   i n c l u d e   r e d u c i n g  

t h e i r   c h l o r i d e s   w i t h   m e t a l l i c   m a g n e s i u m   or  m e t a l l i c  

s o d i u m ;   u s i n g   t h e   a l u m i n i u m   T h e r m i t   p r o c e s s ;   and  m o l t e n  

s a l t   e l e c t r o l y s i s .   These   c o n v e n t i o n a l   p r o c e s s e s   a r e  

c o m p l e x   and  the   use  of  m e t a l l i c   m a g n e s i u m   or  m e t a l l i c  

s o d i u m   is   c o s t l y .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  new,  i m p r o v e d ,  

p r o c e s s .   In  t h i s   p r o c e s s ,   a  f l u o r i n e   c o n t a i n i n g  

compound   of  n i o b i u m   or  t a n t a l u m   i s   r e a c t e d   w i t h   h y d r o g e n  

g a s ,   m e t a l l i c   m a g n e s i u m ,   m e t a l l i c   a l u m i n i u m   or  m e t a l l i c  

l e a d ,   to  p r o d u c e   m e t a l l i c   n i o b i u m   or  m e t a l l i c   t a n t a l u m .  

A c c o r d i n g l y ,   the   i n v e n t i o n   p r o v i d e s   a  p r o c e s s   f o r  

p r o d u c i n g   m e t a l l i c   n i o b i u m   or  m e t a l l i c   t a n t a l u m ,   w h i c h  

p r o c e s s   c o m p r i s e s   b r i n g i n g   a  f l u o r i n e   c o n t a i n i n g   c o m p o u n d  

of  n i o b i u m   or  t a n t a l u m :  

(A)  i n t o   c o n t a c t   w i t h   a  gas   c o m p r i s i n g   h y d r o g e n  

at  a  t e m p e r a t u r e   of  a t   l e a s t   4 0 0 ° C ;   o r  

(B)  i n t o   c o n t a c t   w i t h   m e t a l l i c   a l u m i n i u m ,  

m e t a l l i c   m a g n e s i u m   or  m e t a l l i c   l e a d ,   a t  

a  t e m p e r a t u r e   of  at   l e a s t   3 0 0 ° C ;  

to  c o n v e r t   t he   f l u o r i n e   c o n t a i n i n g   compound   i n t o   t h e  

c o r r e s p o n d i n g   m e t a l .  

The  r e a c t i o n   s h o u l d   n a t u r a l l y   n o t   be  c o n d u c t e d  

in  t he   p r e s e n c e   of  m a t e r i a l   w h i c h   mars   t he   r e a c t i o n .  

Oxygen ,   f o r   e x a m p l e   a i r ,   mars   t h e   r e a c t i o n   and  h e n c e   s h o u l d  

be  a v o i d e d .   The  r e a c t i o n   in  (B)  can  be  c o n d u c t e d   in  t h e  

p r e s e n c e   of  an  i n e r t   gas   or  a  r e d u c i n g   g a s .   A l t e r n a t i v e l y  

in  (B) ,   t he   r e a c t i o n   can  be  c o n d u c t e d   " in  v a c u u m " ,   i . e .  

w i t h   no  o t h e r   gas   b e i n g   p r e s e n t   b e s i d e s   any  f r o m  



t he   f l u o r i n e   c o n t a i n i n g   compound   and  t h e   a l u m i n i u m ,  

m a g n e s i u m   or  l e a d .  

P r e f e r a b l y ,   t he   f l u o r i n e   c o n t a i n i n g   compound   i n  

the   p r e s e n t   r e a c t i o n   i s   g a s e o u s .   The  c o m p o u n d   may  

c o n t a c t   i n i t i a l l y   as  a  s o l i d   w i t h   t h e   a l u m i n i u m ,  

m a g n e s i u m   or  l e a d   and  t h e n   be  h e a t e d  t o   make  i t   g a s e o u s .  
In  a  p r e f e r r e d   e m b o d i m e n t ,   in  (B)  t h e   r e a c t i o n   i s  

c o n d u c t e d   w i t h   t h e   compound   b e i n g   g a s e o u s   and  b e i n g   in  a n  

i n e r t   gas   or  a  r e d u c i n g   g a s .  

Thus ,   t h e   p r e s e n t   r e a c t i o n   i s   p r e f e r a b l y  

b e t w e e n   g a s e o u s   NbF5  or  g a s e o u s   TaF5  and  t he   h y d r o g e n ,  

a l u m i n i u m ,   m a g n e s i u m   or  l e a d ,   t h e   g a s e o u s   NbF5  or  g a s e o u s   T a F 5  
b e i n g   c o m p r i s e d   in  t h e   g a s e o u s   f l u o r i n e   c o n t a i n i n g  

compound   of  n i o b i u m   or  t a n t a l u m .   The  g a s e o u s   NbF5  o r  

g a s e o u s   TaF5  in  (B)  i s   p r e f e r a b l y   e m p l o y e d   in  t h e   i n e r t  

gas   or  r e d u c i n g   g a s   m e n t i o n e d   a b o v e .  

G a s e o u s   f l u o r i n e   c o n t a i n i n g   compound   i s   g e n e r a l l y  

p r o d u c e d   by  h e a t i n g   s o l i d   f l u o r i n e   c o n t a i n i n g   c o m p o u n d .  

The  f l u o r i n e   c o n t a i n i n g   compound   of  n i o b i u m   o r  

t a n t a l u m   can  be  p r o d u c e d   by  e x t r a c t i n g   a  n i o b i u m   o r  

t a n t a l u m   compound   i n t o   an  o r g a n i c   s o l v e n t ,   and  b r i n g i n g  

the   s o l u t i o n   i n t o   c o n t a c t   w i t h   an  a q u e o u s   s o l u t i o n  

c o n t a i n i n g   NH4+  (and  p r e f e r a b l y   a l s o   F- )  to  e x t r a c t  

i n t o   t he   a q u e o u s   p h a s e   n i o b i u m   or  t a n t a l u m   in  t he   f o r m  

of  a  f l u o r i n e   c o n t a i n i n g   compound   of  n i o b i u m   o r  

t a n t a l u m .   The  f l u o r i n e   c o n t a i n i n g   c o m p o u n d  

can  t h e n   be  c r y s t a l l i z e d   from  t h e   a q u e o u s   s o l u t i o n .  

The  o r g a n i c   s o l v e n t   can  be  r e g a r d e d   as  c o m p r i s i n g   a n  

e x t r a c t i n g   a g e n t   w h i c h   can  be  in  a d m i x t u r e   w i t h   a  
d i l u e n t .   In  a  p r e f e r r e d   e m b o d i m e n t ,   t h e   o r g a n i c  

s o l v e n t   c o m p r i s e s   a t   l e a s t   one  e x t r a c t i n g   a g e n t  
( f o r   e x a m p l e   one  or  two)   s e l e c t e d   f rom  t h e   g r o u p  



c o n s i s t i n g   of  (a )   a l k y l p h o s p h o r i c   a c i d s ,   (b)  n e u t r a l   p h o s -  

p h o r i c   e s t e r s ,   (c )   a l k y l a m i n e s   and  (d)  k e t o n e s .   P r e f e r a b l y ,  

the   o r g a n i c   s o l v e n t   c o m p r i s e s   ( i )   a t   l e a s t   one  e x t r a c t i n g  

a g e n t   s e l e c t e d   f rom  ( a ) ,   ( b ) ,   (c)   and  ( d ) ,   and  ( i i )   a  d i l u e n t  

wh ich   i s   a  p e t r o l e u m   h y d r o c a r b o n .  

The  i n v e n t i o n   i s   i l l u s t r a t e d   by  the   a c c o m p a n y i n g  

d r a w i n g s ,   in  w h i c h :  

F i g .   1  i s   a  f l o w   s h e e t   i l l u s t r a t i n g   t h e  

p r o d u c t i o n   u s i n g   h y d r o g e n   gas   as  r e d u c i n g   a g e n t ;  

F i g .   2  i s   a  f l o w   s h e e t   i l l u s t r a t i n g   the   p r o d u c t i o n  

u s i n g   as  r e d u c i n g   a g e n t   m e t a l l i c   Al,  m e t a l l i c   Mg  o r  
m e t a l l i c   P b ;  

F i g .   3  i s   a  f l o w   s h e e t   i l l u s t r a t i n g   t he   p r o d u c t i o n  
of  m e t a l l i c   Nb  or  m e t a l l i c   Ta  i n c l u d i n g   the   p r e p a r a t i o n  
of  f l u o r i n e   c o n t a i n i n g   c o m p o u n d s   of  Nb  or  Ta;  a n d  

F i g .   4  i s   a  f l o w   s h e e t   s i m i l a r   to  F i g .   3  c o n t a i n i n g  

a  s t a g e   f o r   t r e a t i n g   b y - p r o d u c t   g a s e s   p r o d u c e d   in  t h e  

r e a c t i o n   s t a g e .  

R e f e r r i n g   to  t he   d r a w i n g s ,   F i g .   1  i l l u s t r a t e s  

the   p r o d u c t i o n   of  Nb  or  Ta.  F l u o r i n e   c o n t a i n i n g  

c o m p o u n d s   (A)  of  Nb  or  Ta  a r e   s u p p l i e d   to  t h e  

v a p o r i z a t i o n   s t a g e   (B)  to  p r o d u c e   g a s e o u s   NbF5  or  T a F 5 .  
The  g a s e o u s   NbF5  or  TaFS  is   t r a n s f e r r e d   to  a  r e a c t o r  

wh ich   i s   f u l l   of  h y d r o g e n   gas   (C)  and  the   t e m p e r a t u r e  

is  m a i n t a i n e d   a t   above   400°C  ( R e a c t i o n   s t a g e   (D)  ).  I n  

t h i s   s t a g e ,   m e t a l l i c   Nb  or  m e t a l l i c   Ta  can  be  p r o d u c e d  

a c c o r d i n g   to  t h e   f o l l o w i n g   e q u a t i o n s :  

F ig .   2  i l l u s t r a t e s   t he   p r o d u c t i o n   u s i n g   a s  



r e d u c i n g   a g e n t   m e t a l l i c   a l u m i n i u m ,   m e t a l l i c   m a g n e s i u m  

or  m e t a l l i c   l e a d ,   i n s t e a d   of  h y d r o g e n   g a s .   G a s e o u s   T a F 5  
or  NbF5  i s   p r e p a r e d   by  s u p p l y i n g   f l u o r i n e   c o n t a i n i n g  

c o m p o u n d s   of  Ta  or  Nb  (A),   such   as  c r y s t a l s   o f  

( N H 4 ) 2 T a F 7  o r   ( N H 4 ) 2 N b F 7 ,   r e s p e c t i v e l y ,   to  t h e  

v a p o r i z a t i o n   s t a g e   (B)  and  h e a t i n g   them  at   a  

t e m p e r a t u r e   a b o v e   1 5 0 ° C ,   as  e x p r e s s e d   by  the   f o l l o w i n g  

e q u a t i o n s :  

In  t h e   r e a c t i o n   s t a g e   (D) ,   an  i n e r t   gas   or  a  

r e d u c i n g   gas   f i l l s   t he   r e a c t o r   and  m e t a l l i c   a l u m i n i u m ,  

m e t a l l i c   m a g n e s i u m   or  m e t a l l i c   l e a d   h e a t e d   to  a b o v e  
300°C  i s   s u p p l i e d   to   the   r e a c t o r .   The  NbF5  or  T a F 5  
s u p p l i e d   f rom  t h e   v a p o r i z a t i o n   s t a g e   (B)  to  t he   r e a c t i o n  

s t a g e   (D)  p r o d u c e s   m e t a l l i c   Nb  or  Ta,  r e s p e c t i v e l y ,  

by  r e d u c t i o n .   T h i s   r e a c t i o n   s t a g e   (D)  may  be  c a r r i e d  

ou t   in  v a c u u m .  

F i g .   3  i l l u s t r a t e s   the   p r o c e s s   of  the   i n v e n t i o n  

i n c l u d i n g   the   p r e p a r a t i o n   of  f l u o r i n e   c o n t a i n i n g  



c o m p o u n d s   (A)  of  Nb  or  Ta  and  a l s o   the   r e c o v e r y   of  HF 

p r o d u c e d   as  b y - p r o d u c t   in  the   r e a c t i o n   s t a g e .  

The  o r g a n i c   s o l u t i o n   (H)  c o n t a i n i n g   e x t r a c t e d   Nb  o r  

Ta  i s   d e l i v e r e d   to  t he   s t r i p p i n g   s t a g e   ( J )   and  a l l o w e d   t o  

c o n t a c t   w i t h   the   a q u e o u s   s o l u t i o n   (K)  c o n t a i n i n g   F   and  NH4+. 

The  Nb  or  Ta  i s   t r a n s f e r r e d   to  the   a q u e o u s   p h a s e ,   and  t h e  

o r g a n i c   s o l v e n t   (P)  i s   t r a n s f e r r e d   to  the   c i r c u l a t i o n   r o u t e  

to  t h e   e x t r a c t i o n   s t a g e .   The  t r a n s f e r   can  be  e x p r e s s e d   by  

the   f o l l o w i n g   e q u a t i o n s :  

In  t h e s e   e q u a t i o n s ,   TBP  r e p r e s e n t s   t r i b u t y l   p h o s p h a t e   and  R  i s  

such   t h a t   RH  r e p r e s e n t s   an  e x t r a c t i n g   a g e n t   h a v i n g   an  H - t y p e  

e x c h a n g i n g   g r o u p .   I t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e   c h e m i c a l  

s p e c i e s   of  t he   n i o b i u m   or  t a n t a l u m   compound  c r y s t a l   o b t a i n e d  

v a r i e s   a c c o r d i n g   to  t h e   m o l a r   r a t i o   NH4+/F-   in  t h e   s o l u t i o n  

c o n t a i n i n g   bo th   NH4+  and  F-  as  w e l l   as  t he   s p e c i e s   a p p e a r i n g  

in  t h e   e q u a t i o n s   a b o v e .  

The  c r y s t a l s   f o r m e d   a r e   s e p a r a t e d   by  f i l t r a t i o n   in  t h e  

s e p a r a t i o n   s t a g e   (L ) ,   and  t he   s u b s e q u e n t   o p e r a t i o n s   to  o b t a i n  

m e t a l l i c   Nb  or  Ta  a r e   as  shown  in  F i g . 1 .   The  b y - p r o d u c t   HF  g a s  
(F)  in  t h e   r e a c t i o n   s t a g e   (D)  i s   a b s o r b e d   f o r   r e c o v e r y   in  t he   g a s  
a b s o r b i n g   s t a g e   (M)  w h e r e   a  s o l u t i o n   c o n t a i n i n g   NH4+  and  F -  

c i r c u l a t e s .  

The  p r o c e s s   i l l u s t r a t e d   in  F i g . 4   i s   b a s i c a l l y   t h e  



same  as  t h a t   in  F i g .   3,  but  d i f f e r s   in  t h a t   as  r e d u c i n g  

a g e n t   (C)  t h e r e   i s   used   m e t a l l i c   a l u m i n i u m ,   m e t a l l i c  

m a g n e s i u m   or  m e t a l l i c   l e a d ,   and  b y - p r o d u c t   g a s e s  

p r o d u c e d   in  t h e   r e a c t i o n   s t a g e   (D)  a r e   AlF3,   MgF2  o r  

PbF2  as  i l l u s t r a t e d   in  e q u a t i o n s   (5 )   to  (10)   a b o v e .  

The  g a s e s   ( F ) ,   AlF3,   MgF2  or  PbF2,   p r o d u c e d   a s  

b y - p r o d u c t   in  t h e   r e a c t i o n   s t a g e   (D)  r e a c t   w i t h   H20  o r  

m o i s t   a i r   s u p p l i e d   in  the   o x i d a t i o n   s t a g e   (N)  and  a r e  

c o n v e r t e d   i n t o   e a s i l y   r e c o v e r a b l e   HF  g a s ,   as  e x p r e s s e d  

by  t h e   f o l l o w i n g   e q u a t i o n s :  

The  o x i d e s   p r o d u c e d ,   Al2O3,   MgO  or  PbO,  c o n t a i n  

as  l i t t l e   f l u o r i n e   as  i s   p e r m i s s i b l e   f o r   c o m m e r c i a l  

m a t e r i a l .   The  HF  gas  is   r e c o v e r e d   in  t he   gas  a b s o r b i n g  

s t a g e   ( M ) .  

It   i s   an  a d v a n t a g e   of  t he   p r e s e n t   i n v e n t i o n  

t h a t   t he   f l u o r i d e   c o n t e n t   of  t he   b y - p r o d u c t   p r o d u c e d  

in  t he   p r e s e n t   b a s i c   r e a c t i o n ,   i . e .   of  t h e   HF,  A l F 3 ,  

MgF2  or  PbF2,   can   be  r e c o v e r e d   and  r e c y c l e d   f o r   use   i n  

t h e   a q u e o u s   s o l u t i o n   d i s c u s s e d   a b o v e   w h i c h   i s   p r e f e r a b l y  

e m p l o y e d   to  p r o d u c e   the   f l u o r i n e   c o n t a i n i n g   c o m p o u n d  

of  n i o b i u m   or  t a n t a l u m .  

In  t h e   p r e s e n t   i n v e n t i o n ,   g a s e o u s   TaFS  o r  

NbF5  can  be  p r o d u c e d   by  v a p o r i z a t i o n   of  f l u o r i n e   c o n -  

t a i n i n g   c o m p o u n d s   of  Nb  or  Ta  s u c h   as  (NH4)2NbF7  o r  



( N H 4 ) 2 T a F 7 .   The  v a p o r i z a t i o n   can  be  c a r r i e d   out   u s i n g  

an  e x t e r n a l   h e a t i n g   f u r n a c e ,   an  e x t e r n a l   h e a t i n g   t y p e  

r o t a r y   f u r n a c e   or  n a t u r a l l y   a  f l o w   t y p e   e x t e r n a l  

h e a t i n g   f u r n a c e .  

The  g a s e o u s   NbF5  or  g a s e o u s   TaFS  is   p r e f e r a b l y  

p r e p a r e d   by  h e a t i n g   ( N H 4 ) 2 N b F 7  o r   (NH4)2TaF7   a t   a  

t e m p e r a t u r e   above   1 5 0 ° C .  

For  t he   r e a c t o r   u s e d   in  t h e   i n v e n t i o n ,   f u r n a c e s  

of  v a r i o u s   known  t y p e s   can  be  e m p l o y e d   such   as  t h e  

c l o s e d   t y p e   of  e l e c t r i c   f u r n a c e ,   s h a f t   f u r n a c e ,   r o t a r y  

or  s t a t i c   t y p e   of  e x t e r n a l   h e a t i n g   f u r n a c e .   M e t a l l i c  

a l u m i n i u m ,   m a g n e s i u m   or  l e a d   u s e d   a s  



r e d u c i n g   a g e n t   may  be  e m p l o y e d   in  t he   form  of  a  gas   o r  

l i q u i d   or  m i x t u r e   t h e r e o f .  

The  m e t a l l i c   Nb  or  Ta  can  be  p r o d u c e d   by  b r i n g i n g  

the   g a s e o u s   f l u o r i d e   in  a  s t r e a m   of  an  i n e r t   gas   or  a 

r e d u c i n g   gas   or  in  vacuum  i n t o   c o n t a c t   w i t h   t h e  

m e t a l l i c   r e d u c i n g   a g e n t .  

The  i n e r t   gas  which  can  be  employed  to  main ta in   the  r e a c t i o n  
c o n d i t i o n   of  the  r e a c t o r   can  be  s e l e c t e d   for  example  f rom 

the   g r o u p   c o n s i s t i n g   of  a r g o n ,   h e l i u m   and  n i t r o g e n .  

R e d u c i n g   g a s e s   w h i c h   can  be  employed  in   t he   i n v e n t i o n  

i n c l u d e   H2,  CO  and  v a r i o u s   g a s e o u s   h y d r o c a r b o n s   C  H  .  
The  a l k y l p h o s p h o r i c   a c i d s   w h i c h   can  be  e m p l o y e d  

as  e x t r a c t i n g   a g e n t s  i n   t he   i n v e n t i o n ,   to  p r o d u c e  

f l u o r i n e   c o n t a i n i n g   c o m p o u n d s   of  Nb  or  Ta,  a r e  

s e l e c t e d   from  t h e   g r o u p   c o n s i s t i n g   of  t he   f o l l o w i n g  
c o m p o u n d s :  

where   R  r e p r e s e n t s   an  a l k y l   g r o u p ,   g e n e r a l l y   of  4  to  22 

c a r b o n   a t o m s .  

The  n e u t r a l   p h o s p h o r i c   e s t e r s   wh ich   can  b e  



e m p l o y e d   as  e x t r a c t i n g   a g e n t s   a re   s e l e c t e d  

from  t he   f o l l o w i n g   c o m p o u n d s :  

R  is   as  d e f i n e d   a b o v e .   TBP  ( t r i b u t y l   p h o s p h a t e )   u s e d   i n  

t he   E x a m p l e s   and  r e f e r r e d   to  above   i s   of  f o r m u l a   ( a )  

w h e r e  R   C4H9.  
The  a l k y l a m i n e s   w h i c h   can  be  e m p l o y e d   as  e x t r a c t i n g  

a g e n t s   a r e   s e l e c t e d   from  the   f o l l o w i n g   g r o u p  
of  c o m p o u n d s :  

P r i m a r y   a m i n e s   :  R e p r e s e n t e d   ty  RNH2,  where   R 

r e p r e s e n t s   an  a l k y l   g r o u p   o f  4   t o  

22  c a r b o n   a t o m s .  

S e c o n d a r y   a m i n e s  :   R e p r e s e n t e d   by  k2N-  or  R2NH,  w h e r e  

R  r e p r e s e n t s   an  a l k y l   g r o u p   o f  

4  to  22  c a r b o n   a t o m s .  

T e r t i a r y   a m i n e s  :   R e p r e s e n t e d   by  R3N  or  R3NH+, 

where   R  r e p r e s e n t s   an  a l k y l   g r o u p  
of  4  to  22  c a r b o n   a t o m s .  

An  e x a m p l e   of  a  k e t o n e   wh ich   can  be  e m p l o y e d   a s  

e x t r a c t i n g   a g e n t   i s   as  f o l l o w s :  



In  a d d i t i o n   to  the   a b o v e - m e n t i o n e d   c o m p o u n d s ,  

c y c l o h e x a n o n e ( C 6 H 1 2 O )   i s   a l s o   o f t e n   e m p l o y e d .  

The  d i l u e n t s   which  can  be  e m p l o y e d   a r e   m o s t l y  

p e t r o l e u m   h y d r o c a r b o n s ,   but   a r o m a t i c   and  a l i p h a t i c  

h y d r o c a r b o n s   and  m i x t u r e s   t h e r e o f   may  a l s o   be  u s e d .  

For  e x a m p l e ,   k e r o s e n e ,   a  m i x t u r e   of  many  k i n d s   o f  

h y d r o c a r b o n ,   i s   commonly   u s e d .  

The  c o n c e n t r a t i o n   of  e x t r a c t i n g  a g e n t   s h o u l d   b e  

c h o s e n   a c c o r d i n g   to  the   c h a r a c t e r   of  t he   t r e a t e d  

s o l u t i o n ,   t he   c o n c e n t r a t i o n   of  m e t a l   i o n s ,   t h e  

c o n c e n t r a t i o n   and  n a t u r e   of  i m p u r i t i e s ,   and  t h e   n a t u r e  

of  t he   c h e m i c a l   s p e c i e s   to  be  e x t r a c t e d ,   but   g e n e r a l l y  

i s   2  to  100%  by  v o l u m e .  

The  i n v e n t i o n   is   i l l u s t r a t e d   by  the   f o l l o w i n g  

E x a m p l e s ,   w h i c h   d e s c r i b e   p r e f e r r e d   e m b o d i m e n t s :  



Example   1 :  

H 2 T a F 7  e x t r a c t e d   by  a  s o l v e n t   c o n s i s t i n g   of  60%  by 

vo lume   TBP  and  40%  by  v o l u m e   a r o m a t i c   ( t h e   a r o m a t i c   b e i n g  

S h e l l s o l   AB),  was  s t r i p p e d   by  an  a q u e o u s   s o l u t i o n   c o n -  

t a i n i n g   250  g /1   of  NH4F,  to   o b t a i n   c r y s t a l s   of  ( N H 4 ) 2 T a F 7 .  
20  g  of  t h e s e   c r y s t a l s   were   i n t r o d u c e d   i n t o   a  v a p o r i z a t i o n  

f u r n a c e   and  h e a t e d   to  2 2 0 ° C   u n d e r   a  s t r e a m   of  H 2  g a s .   G a s e o u s  

T a F 5  f o r m e d   in  t h e   v a p o r i z a t i o n   f u r n a c e   and  was  t r a n s f e r r e d  

to  a  r e a c t o r   w h i c h   was  m a i n t a i n e d   a t   a  t e m p e r a t u r e   of  6 0 0 ° C .  

The  r e a c t i o n   was  c o n t i n u e d   f o r   an  h o u r ,   and  t h e n   t h e   r e a c t o r  

was  c o o l e d .   A  s u b s t a n c e   had  a d h e r e d   to  t h e   i n n e r   w a l l   o f  

the   r e a c t o r ,   and  t h i s   s u b s t a n c e   p r o v e d   to  be  Ta,  as  c o n f i r m e d  

by  X - r a y   d i f f r a c t i o n   a n a l y s i s .   The  s u b s t a n c e   a m o u n t e d   t o 1 0 g .  

Example   2 :  

H2NbF7  e x t r a c t e d   by  100%  MIBK  ( m e t h y l   i s o b u t y l   k e t o n e )  

was  s t r i p p e d   w i t h   an  a q u e o u s   s o l u t i o n   c o n t a i n i n g   250  g /1   o f  

NH4HF2,  to  o b t a i n   c r y s t a l s   of  (NH4)2NbF7 ,   of  which   180  g  w a s  

h e a t e d   in  an  a t m o s p h e r e   of  h e l i u m   to  p r o d u c e   NbFS.  The  

N b F 5  g a s   was  c o n t i n u o u s l y   t r e a t e d   in  a  r e a c t o r   in  w h i c h   t h e  

N b F 5  c o n t a i n i n g   gas   j u s t   o b t a i n e d   was  b lown  o n t o   an  a l u m i n i u m  

m e t a l   s u r f a c e   h e a t e d   at   950°C  in  a  h e l i u m   s t r e a m .   A f t e r   6 

h o u r s   of  c o n t i n u o u s   t r e a t m e n t ,   t he   r e a c t o r   was  c o o l e d   a n d  

d i s a s s e m b l e d .   A  s u b s t a n c e   was  f o u n d   on  t h e   a l u m i n i u m   s u r -  

f a c e   in  an  a m o u n t   of  62  g  and  t h i s   s u b s t a n c e   p r o v e d   to   b e  

m e t a l l i c   Nb,  as  c o n f i r m e d   by  X- ray   d i f f r a c t i o n   a n a l y s i s   a n d  

c h e m i c a l   a n a l y s i s .  

Example   3 :  

H2NbF5  e x t r a c t e d   by  a  s o l v e n t   c o n s i s t i n g   of  80%  b y  
vo lume   c y c l o h e x a n o n e   and  20%  by  vo lume   S h e l l s o l   AB  w a s  

s t r i p p e d   w i t h   an  a q u e o u s   s o l u t i o n   c o n t a i n i n g   200  g /1   o f  

NH4HF2,  to  o b t a i n   c r y s t a l s   of  ( N H 4 ) 2 N b F 7 .   These   c r y s t a l s  
and  m e t a l l i c   l e a d   were   h e a t e d   s e p a r a t e l y   in  an  e x t e r n a l  

h e a t i n g   f u r n a c e .   G a s e s   of  m e t a l l i c   Pb  and  NbF5  were   l e d  

to  a  r e a c t o r   and  h e l d   f o r   2  h o u r s   a t   a  



r e a c t o r   t e m p e r a t u r e   of  7 5 0 ° C .   The  r e a c t o r   was  t h e n  
c o o l e d   and  d i s a s s e m b l e d .   Powder   a d h e r i n g   to  t h e  
i n n e r   w a l l   of  the   r e a c t o r   p r o v e d   to  be  m e t a l l i c  
Nb  by  X - r a y   d i f f r a c t i o n   m e a s u r e m e n t   and  c h e m i c a l  
a n a l y s i s .  



1.  A  p r o c e s s   f o r   p r o d u c i n g   m e t a l l i c   n i o b i u m   o r  

m e t a l l i c   t a n t a l u m ,   w h i c h   p r o c e s s   c o m p r i s e s   b r i n g i n g  

a  f l u o r i n e   c o n t a i n i n g   compound   of  n i o b i u m   or  t a n t a l u m :  

(A)  i n t o   c o n t a c t   w i t h   a  gas   c o m p r i s i n g   h y d r o g e n  

at   a  t e m p e r a t u r e   of  a t   l e a s t   4 0 0 ° C ;   o r  

(B)  i n t o   c o n t a c t   w i t h   m e t a l l i c   a l u m i n i u m ,  

m e t a l l i c   m a g n e s i u m   or  m e t a l l i c   l e a d ,   a t  

a  t e m p e r a t u r e   of  a t   l e a s t   3 0 0 ° C ;  

to  c o n v e r t   t h e   f l u o r i n e   c o n t a i n i n g   compound   i n t o   t h e  

c o r r e s p o n d i n g   m e t a l .  

2.  A  p r o c e s s   f o r   p r o d u c i n g   m e t a l l i c   n i o b i u m   o r  

m e t a l l i c   t a n t a l u m ,   w h i c h   p r o c e s s   c o m p r i s e s   b r i n g i n g   g a s e o u s  

NbF5  or  g a s e o u s   TaF5  i n t o   c o n t a c t   w i t h   a  gas   c o m p r i s i n g  

h y d r o g e n   at   a  t e m p e r a t u r e   of  a t   l e a s t   4 0 0 ° C ,   to  c o n v e r t  

t h e   NbF5  or  TaF5  i n t o   t h e   c o r r e s p o n d i n g   m e t a l .  

3.  A  p r o c e s s   f o r   p r o d u c i n g   m e t a l l i c   n i o b i u m   or  m e t a l l i c  

t a n t a l u m ,   w h i c h   p r o c e s s   c o m p r i s e s   b r i n g i n g  g a s e o u s   NbF5  o r  

g a s e o u s   TaF5  i n t o   c o n t a c t   w i t h   m e t a l l i c   a l u m i n i u m ,   m e t a l l i c  

m a g n e s i u m   or  m e t a l l i c   l e a d ,   a t   a  t e m p e r a t u r e   of  a t   l e a s t  

3 0 0 ° C ,   to  c o n v e r t   t h e   NbF5  or  TaF5  i n t o   t h e   c o r r e s p o n d i n g  

m e t a l .  

4.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   3  w h e r e i n   t he   g a s e o u s  

NbF5  or  g a s e o u s   TaF5  i s   in  an  i n e r t   gas   or  a  r e d u c i n g   g a s .  
5.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1  w h e r e i n   t he   f l u o r i n e  

c o n t a i n i n g   compound   of   n i o b i u m   or  t a n t a l u m   is   p r e p a r e d   by  

e x t r a c t i n g   a  n i o b i u m   or  t a n t a l u m   compound   i n t o   an  o r g a n i c  

s o l v e n t   c o m p r i s i n g   a t   l e a s t   one  e x t r a c t i n g   a g e n t   s e l e c t e d  

f rom  t h e  g r o u p   c o n s i s t i n g   of  (a)   a l k y l p h o s p h o r i c   a c i d s ,  

(b)   n e u t r a l   p h o s p h o r i c   e s t e r s ,   (c)   a l k y l a m i n e s   a n d  

(d)   k e t o n e s , a n d   b r i n g i n g   t he   s o l u t i o n   i n t o   c o n t a c t  

w i t h   an  a q u e o u s   s o l u t i o n   c o n t a i n i n g   NH4+  to  e x t r a c t  

i n t o   t he   a q u e o u s   p h a s e   n i o b i u m   or  t a n t a l u m   in  t h e  

form  of  a  f l u o r i n e   c o n t a i n i n g   compound   of  n i o b i u m   o r  

t a n t a l u m .  



6.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   2-4  w h e r e i n  

t h e   g a s e o u s   NbF5  or  g a s e o u s   T a F S  i s   p r e p a r e d   by  h e a t i n g  

a  f l u o r i n e   c o n t a i n i n g   compound   of  n i o b i u m   or  t a n t a l u m ,  

w h i c h   compound   has   been  p r o d u c e d   by  e x t r a c t i n g   a  n i o b i u m  

or  t a n t a l u m   c o m p o u n d   i n t o   an  o r g a n i c   s o l v e n t   c o m p r i s i n g  

( i )   a t   l e a s t   one  e x t r a c t i n g   a g e n t   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of  (a)   a l k y l p h o s p h o r i c   a c i d s ,  

(b)  n e u t r a l   p h o s p h o r i c   e s t e r s ,   (c )   a l k y l a m i n e s  

and  (d)  k e t o n e s ,   and  ( i i )   a  d i l u e n t   w h i c h   i s  

a  p e t r o l e u m   h y d r o c a r b o n .   and  b r i n g i n g   t he   s o l u t i o n  

i n t o   c o n t a c t   w i t h   an  a q u e o u s   s o l u t i o n  

c o n t a i n i n g   NH4+  to  e x t r a c t   i n t o   t h e   a q u e o u s   p h a s e   n i o b i u m  

or  t a n t a l u m   in  t h e   form  of  a  f l u o r i n e   c o n t a i n i n g   c o m p o u n d  

of  n i o b i u m   or  t a n t a l u m .  

7.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   2-4  and  6 

w h e r e i n   t h e   g a s e o u s   NbF5  or  g a s e o u s   TaF5  i s   p r e p a r e d   by 

h e a t i n g   (NH4)2NbF7  or  ( N H 4 ) 2 T a F 7  a t   a  t e m p e r a t u r e   a b o v e  

1 5 0 ° C .  

8.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   2-4  w h e r e i n  

t he   g a s e o u s   NbF5  or  g a s e o u s   TaFS  is   p r e p a r e d   by  h e a t i n g   a  

f l u o r i n e   c o n t a i n i n g   compound   of  n i o b i u m  o r   t a n t a l u m ,   w h i c h  

c o m p o u n d   i s   p r e p a r e d   as  d e f i n e d   in  c l a i m   5 .  

9.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s   w h e r e i n   m e t a l l i c   t a n t a l u m   is   p r o d u c e d   by  a  p r o c e s s  

c o m p r i s i n g   b r i n g i n g   g a s e o u s   TaF5  i n t o   c o n t a c t   w i t h   a  g a s  

c o m p r i s i n g   h y d r o g e n   a t   a  t e m p e r a t u r e   of  a t   l e a s t   4 0 0 ° C ,  

to  c o n v e r t   t h e   TaF5  i n t o   m e t a l l i c   t a n t a l u m .  

10.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   1 - 8  

w h e r e i n   m e t a l l i c   n i o b i u m   is   p r o d u c e d   by  a  p r o c e s s  

c o m p r i s i n g   b r i n g i n g   g a s e o u s   N b F S :  
(a)   in  h e l i u m   i n t o   c o n t a c t   w i t h   m e t a l l i c  

a l u m i n i u m ;   o r  

(b)  i n t o   c o n t a c t   w i t h   g a s e o u s   m e t a l l i c  

l e a d ;  

a t   a  t e m p e r a t u r e   of  at  l e a s t   3 0 0 ° C ,   to  c o n v e r t   t h e  

NbF5  i n t o   m e t a l l i c   n i o b i u m .  
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