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  Metallic  zirconium,  hafnium  or  titanium  is  prepared  by 
bringing  a  fluorine-containing  compound  thereof  into  con- 
tact  with  heated  metallic  aluminium  or  magnesium,  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  the   p r e p a r a t i o n  

of  m e t a l l i c   z i r c o n i u m ,   m e t a l l i o   h a f n i u m   and  m e t a l l i c  

t i t a n i u m .  

So  f a r ,   m e t a l l i c   z i r c o n i u m   (Z r )   and  m e t a l l i c  

h a f n i u m   (Hf)   have   been  p r o d u c e d   by  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  sod ium  in  a  s t r e a m  

of  an  i n e r t   g a s .   S i n c e   m e t a l l i c   s o d i u m   i s   h a z a r d o u s ,  

m e t a l l i c   m a g n e s i u m   has  been   u s e d   more  o f t e n   as  t h e  

r e d u c i n g   a g e n t .   M e t a l l i c   t i t a n i u m   has   g e n e r a l l y   b e e n  

p r o d u c e d   f rom  TiO2,   by  c h l o r i n a t i n g   i t   in  the   p r e s e n c e  
of  c a r b o n   to  p r o d u c e   TiC14  as  an  i n t e r m e d i a t e ,   a n d  

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

m a g n e s i u m   or  s o d i u m   to  o b t a i n   m e t a l l i c   t i t a n i u m .  

T h e s e   c o n v e n t i o n a l   p r o c e s s e s ,   h o w e v e r ,   i n v o l v e   r a t h e r  

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

z i r c o n i u m   or  m e t a l l i c   h a f n i u m   and  a  h i g h   c o s t   i n  

c o n s u m p t i o n   of  m e t a l l i c   m a g n e s i u m   or  s o d i u m .   In  t h e  

p r e p a r a t i o n   of  m e t a l l i c   t i t a n i u m ,   s o u r c e s   of  raw  m a t e r i a l ,  

TiO2  a r e   l i m i t e d   s i n c e   t h e   m a t e r i a l   i s   r e q u i r e d . t o   h a v e  

a  low  c o n t e n t   of  i m p u r i t i e s ,   and  a  c o m p l e x   p r o c e s s   f o r  

p u r i f y i n g   t h e   T i C l 4   i n t e r m e d i a t e   i s   n e e d e d   b e f o r e  

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

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

m a n a g e m e n t   in   o r d e r   to  a t t a i n   t h e   d e s i r e d   end .   T h e  

h i g h   c o s t   i n v o l v e d   when  m e t a l l i c   m a g n e s i u m   or  s o d i u m   i s  

u sed   f o r   t he   r e d u c t i o n   n e c e s s a r i l y   r a i s e s   t he   p r o d u c t i o n  

c o s t   of  m e t a l l i c   t i t a n i u m .   Th i s   i s   t h e  c h i e f   r e a s o n  

why  a p p l i c a t i o n   of  t i t a n i u m   i s   n o t   w i d e l y   d e v e l o p e d  

d e s p i t e   t he   e x c e l l e n t   p r o p e r t i e s - o f   the   m e t a l .  

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  n e w ,   i m p r o v e d ,  

p r o c e s s   w h i c h   i s   i n t e n d e d   to  o v e r c o m e   such  d r a w b a c k s  

of  t he   p r e v i o u s   p r o c e s s e s .   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 e p a r i n g   m e t a l l i c   z i r c o n i u m ,   h a f n i u m   o r  



t i t a n i 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  z i r c o n i u m ,   h a f n i u m   or  t i t a n i u m  

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

to  c o n v e r t   the   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 .  

In  t h i s   i n v e n t i o n ,   m e t a l l i c   Zr,   Hf  and  Ti  a r e  

p r e p a r e d   from  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  t he   m e t a l s ,  

i n s t e a d   of  f rom  t h e i r   c h l o r i d e s .   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 s   a r e   b e t t e r   s t a r t i n g   m a t e r i a l s .   C r y s t a l s   of  t h e m  

a r e   p r e p a r e d   more  e a s i l y .   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 s   p r o v i d e   more  e a s i l y   p u r i f i a b l e   c r y s t a l s   t h a n   do  

the   c o r r e s p o n d i n g   c h l o r i d e s .   In  a d d i t i o n ,   m e t a l l i c  

a l u m i n i u m   can  be  u sed   as  t h e   r e d u c i n g   a g e n t   in   t h e   p r e s e n t  

i n v e n t i o n .   F u r t h e r m o r e ,   t h e   f l u o r i n e   n e c e s s a r y   f o r  

p r e p a r i n g   t h 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   a s  

i n t e r m e d i a t e s   can  be  r e c i r c u l a t e d   in  t he   p r o c e s s .  
I n  t h e   p r e s e n t   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   c o m p o u n d  

of  z i r c o n i u m ,   h a f n i u m   or  t i t a n i u m   r e a c t s   w i t h   h e a t e d  

m e t a l l i c   a l u m i n i u m   or  m a g n e s i u m   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 he   c o r r e s p o n d i n g   m e t a l .   T h e  

r e a c t i o n   s h o u l d   n a t u r a l l y   no t   be  c o n d u c t e d   in   t h e  

p r e s e n c e   of  m a t e r i a l   wh ich   mars   t he   r e a c t i o n .   O x y g e n ,  

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

a v o i d e d .   The  r e a c t i o n   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 ,   t h e  

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  from  t he   f l u o r i n e -  

- c o n t a i n i n g   compound   and  t he   a l u m i n i u m   or  m a g n e s i u m .  

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

r e a c t i o n   i s   g a s e o u s .   The  compound  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 he   a l u m i n i u m   or  m a g n e s i u m   and  t h e n   b e  

h e a t e d   to  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 ,  

t he   r e a c t i o n   i s   c o n d u c t e d   w i t h   the   compound   b e i n g  

g a s e o u s   and  b e i n g   in  an  i n e r t   gas  or  a  r e d u c i n g   g a s .  
To  p r e p a r e   z i r c o n i u m   or  h a f n i u m ,  . t h e   a l u m i n i u m   o r  

m a g n e s i u m   i s   g e n e r a l l y   h e a t e d   to  a  t e m p e r a t u r e   a b o v e  
4 0 0 ° C .   To  p r e p a r e   t i t a n i u m ,   t he   a l u m i n i u m   or  m a g n e s i u m  

is   g e n e r a l l y   h e a t e d   to   a  t e m p e r a t u r e   a b o v e   2 2 0 ° C .  



The  f l u o r i n e - c o n t a i n i n g   compound  can  be  f o r  

i n s t a n c e   ( N H 4 ) 2 Z r F 6 ,   ( N H 4 ) 2 T i F 6 ,   ( N H 4 ) 2 T i F 6 ,   T i F 4 ,  

Z r F 4 ,   HfF4  or  K 2 T i F 6 .  
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  i s   p r e f e r a b l y  

p r o d u c e d   by  e x t r a c t i n g   a  z i r c o n i u m ,   h a f n i u m   or  t i t a n i 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 ,   and  b r i n g i n g   t h e  



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   a t   l e a s t   one  of  F - ,   NH4+  and  K+  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   z i r c o n i u m ,   h a f n i u m   or  t i t a n i u m  

in  t h e   fo rm  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   t h e r e o f .  

The  f l u o r i n e - c o n t a i n i n g   compound   can  t h e n   b e  

c r y s t a l l i z e d   f rom  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  

an  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   a s p e c t ,   t h 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   i s   p r o d u c e d   by  e x t r a c t i n g   a  z i r c o n i u m ,  

h a f n i u m   o r t i t a n i u m   compound   i n t o   a  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)   a l k y l a r y l -  

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

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

one  of  F  ,   NH4+  and  K+  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   z i r c o n i u m ,   h a f n i u m   or  t i t a n i u m   in  t h e   fo rm  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   t h e r e o f .   The  s o l v e n t  

can   c o m p r i s e   t he   e x t r a c t i n g   a g e n t ,   i . e .   one  or  more  o f  

( a ) ,   ( b ) ,   ( c ) ,   (d)   and  ( e ) ,   d i l u t e d   w i t h   a  d i l u e n t ,  

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

p r e f e r r e d   e m b o d i m e n t   of  t h i s   a s p e c t ,   t h e   s o l v e n t  

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

h y d r o c a r b o n ,   t he   a q u e o u s   s o l u t i o n   c o n t a i n s   N H 4 + ,  a n d  

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

In  a n o t h e r   p a r t i c u l a r l y   p r e f e r r e d   e m b o d i m e n t   o f  

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

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

by  e x t r a c t i n g   a  t i t a n i u m   compound   i n t o   a  s o l v e n t  

c o m p r i s i n g   (1)   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)  a l k y l a r y l p h o s p h o r i c   a c i d s ,   (C)  c a r b o x y l i c   a c i d s ,  

(D)  o x i m e s   and  (E)  n e u t r a l   p h o s p h o r i c   a c i d   e s t e r s ,   a n d  

(2)   p e t r o l e u m   h y d r o c a r b o n   as  d i l u e n t ,   and  b r i n g i n g   t h e  



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   a t   l e a s t   one  of  F- ,   NH4+  and  K+  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   t i t a n i u m   in  t he   form  of  a  f l u o r i n e -  

- c o n t a i n i n g   compound   t h e r e o f .  

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   a s  

e x t r a c t i n g   a g e n t   in  t he   p r e s e n t   i n v e n t i o n   a r e   p r e f e r a b l y  

s e l e c t e d   f rom  the   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 :  

( In   t he   f o r m u l a e , 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  

c o n t a i n i n g  4   to  22  c a r b o n   a t o m s ) .   The  c o m p o u n d   D2 EHPA 
( d i - 2 - e t h y l h e x y l p h o s p h o r i o   a c i d )   r e f e r r e d   to  in  t h e  

E x a m p l e s   b e l o w   is   t he   compound   of  g r o u p   (a )   w h e r e  R  

r e p r e s e n t s   C 8 H 1 7 .  
The  a l k y l a r y l p h o s p h o r i c   a c i d s   w h i c h   can  b e  

e m p l o y e d   in  t h e   p r e s e n t   i n v e n t i o n   a re   p r e f e r a b l y  

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

f o r m u l a :  



( In   t h e   f o r m u l a ,   R  r e p r e s e n t s   an  a l k y l   g r o u p   c o n t a i n i n g  

g e n e r a l l y   4  to  14  c a r b o n   a t o m s   and  A  r e p r e s e n t s   a n  

a r y l   g r o u p ,   f o r   i n s t a n c e   a  p h e n y l ,   t o l y l ,   or  x y l y l   g r o u p ) .  

The  c a r b o x y l i c   a c i d s   w h i c h   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   in  t h i s   i n v e n t i o n   a r e   p r e f e r a b l y   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  t he   c o m p o u n d s   of  t h e  

f o l l o w i n g   g e n e r a l   f o r m u l a e :  

( In   t h e   f o r m u l a e ,   R  r e p r e s e n t s   an  a l k y l   g r o u p   h a v i n g  
4  to   18  c a r b o n   a t o m s ) .  

An  e x a m p l e   of  an  o x i m e   which   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   shown  b e l o w :  

( In   t h e   f o r m u l a ,   R  r e p r e s e n t s   H-,  C H 3 - ,  o r  

and  X  r e p r e s e n t s   a  h a l o g e n   a tom  s u c h   a s  

Cl  or  an  H  a t o m ) .  



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

e m p l o y e d   in  t h e   p r e s e n t   i n v e n t i o n   a r e   p r e f e r a b l y  

s e l e c t e d   f rom  t h e   f o l l o w i n g   c o m p o u n d s :  

( In   t h e   f o r m u l a e ,   R  r e p r e s e n t s   an  a l k y l   g r o u p   h a v i n g  

4  t o   22  c a r b o n   a t o m s ) .   TBP  ( t r i b u t y l   p h o s p h a t e )  

r e f e r r e d   to  in  t h e   E x a m p l e s   i s   t he   c o m p o u n d   of  f o r m u l a  

(a )   w h e r e  R   =  C 4 H g .  
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   in  t h i s  

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

g r o u p s   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   by  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   to  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  R2N-  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+, 

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   of  4  t o  

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

TOA  ( t r i o c t y l a m i n e )   r e f e r r e d   to  in   t h e   E x a m p l e s   i s   t h e  

t e r t i a r y   amine   w h e r e   R =  C 8 H 1 7 .  
An  e x a m p l e   of  a  k e t o n e   w h i c h   can  be  e m p l o y e d   in   t h i s  

i n v e n t i o n   has   t h e   f o r m u l a :  

C y c l o h e x a n o n e ,   ( C 6 H 1 0 ) 0 ,   i s   a l s o   a  p r e f e r r e d   c o m p o u n d .  

The  mos t   f r e q u e n t l y   u sed   d i l u e n t s   in   t h i s   i n v e n t i o n  

a r e   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   can  a l s o   be  used   w i t h  

s u c c e s s .   F u r t h e r ,   a  m i x t u r e   of  v a r i o u s   h y d r o c a r b o n s  

s u c h   as  k e r o s e n e   i s   o f t e n   u s e d .  

In  a d d i t i o n ,   a  h i g h e r   a l c o h o l   g e n e r a l l y   c o n t a i n i n g  

an  a l k y l   g r o u p   of  4  to  24  c a r b o n   a t o m s   can   be  e m p l o y e d   t o  

i m p r o v e   the   q u a l i t y   of  t h e   p r o d u c t s .   The  h i g h e r   a l c o h o l  

i s  g e n e r a l l y   p r e s e n t   in  a  p r o p o r t i o n   r a n g i n g   f rom  0  t o  

30%  (by  v o l u m e ) .   The  c o n c e n t r a t i o n   of  t h e   e x t r a c t i n g  

a g e n t   s h o u l d   be  c h o s e n   a c c o r d i n g   to  t h e   n a t u r e   of  t h e  

s o l u t i o n   to  be  t r e a t e d   as  w e l l   as  of  t h e   s u s p e c t e d  

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

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

e x t r a c t i n g   a g e n t   i s   g e n e r a l l y ,   h o w e v e r ,   in   t h e   r a n g e  

2  to   100%  (by  v o l u m e ) .  

The  m e t a l l i c   a l u m i n i u m   and  m e t a l l i c   m a g n e s i u m   f o r  



use   as  r e d u c i n g   a g e n t s   may  be  in  t he   form  of  a  l i q u i d  

or  g a s .   The  m e t a l l i c   Zr,   Hf  or  Ti  can  be  p r o d u c e d   by  

b r i n g i n g   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   c o m p o u n d   t h e r e o f  

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

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  i n  

v a c u u m .  
The  i n e r t   gas   w h i c h   can  be  u sed   to  m a i n t a i n   t h e  

r e a c t i o n   c o n d i t i o n s   in  the   p r e s e n t   p r o c e s s   may  be  f o r  

e x a m p l e   a r g o n ,   h e l i u m   or  n i t r o g e n ,   and  t he   r e d u c i n g   g a s  
f o r   t h e   same  p u r p o s e   may  be  fo r   e x a m p l e   H2,  CO  or  a 
number   of  h y d r o c a r b o n s   whose  m o l e c u l a r   f o r m u l a   i s   C BM. 

The  f l u o r i d e   in  t he   a l u m i n i u m   f l u o r i d e   o r  

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

p r o c e s s   can  be  r e c o v e r e d   and  r e u s e d .   T h u s ,   i t   can  b e  

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  

f o r   p r o d u c i n g   t h 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   o f  

z i r c o n i u m ,   h a f n i u m   or  t i t a n i u m .   The  a l u m i n i u m   f l u o r i d e  

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

s t e a m   to  p r o d u c e   HF  w h i c h   can  be  r e c y c l e d   f o r   use   in  t h e  

a q u e o u s   s o l u t i 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  t he   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 he   b a s i c  

p r o c e s s   of  t he   i n v e n t i o n ;  

F i g .   2  i s   a  more  e l a b o r a t e   f l o w   s h e e t   w h i c h   a l s o  

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

a n d  

F i g .   3  i s   a  y e t   more  e l a b o r a t e   f l o w   s h e e t   w h i c h  

a l s o   i l l u s t r a t e s   t h e   r e c o v e r y   and  r e - u s e   of  f l u o r i d e  

a f t e r   t he   b a s i c   p r o c e s s .  
The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   w i t h   r e f e r e n c e  

to  t he   a c c o m p a n y i n g   d r a w i n g s ,   but   i t   w i l l   be  a p p r e c i a t e d  

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

The  f l o w   s h e e t   of  F i g .   1  shows  t h e   b a s i c   p r o c e s s  

f o r   p r o d u c i n g   Zr,   Hf  or  Ti .   The  f l u o r i n e - c o n t a i n i n g  

compound   (A)  of  Zr,   Hf  or  Ti  is  i n t r o d u c e d   i n t o   a  



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

h e a t e d ,   p r e f e r a b l y   a b o v e   400°C  f o r   z i r c o n i u m   and  h a f n i u m ,  

and  p r e f e r a b l y   a b o v e   220°C  f o r   t i t a n i u m ,   in  a  s t r e a m   o f  

an  i n e r t   or  r e d u c i n g   gas   or  in  v a c u u m .   In  t he   r e a c t o r ,  

m e t a l l i c   z i r c o n i u m ,   m e t a l l i c   h a f n i u m   or  m e t a l l i c   t i t a n i u m  

is   p r e p a r e d   a c c o r d i n g   to  r e a c t i o n s   s u c h   as  a r e   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  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   Zr  and  Hf  a re   n o t  

l i m i t e d   to  t h o s e   shown  in  e q u a t i o n s   (1)   to  ( 4 ) .  

As  shown  in  t h e   e q u a t i o n s   a b o v e ,   A1F3,  MgF2,  HF 

and  NH4F  (D)  a r e   p r o d u c e d   as  b y - p r o d u c t s   in   a d d i t i o n   t o  

the   m e t a l l i c   z i r c o n i u m   or  m e t a l l i c   h a f n i u m .   The  f o r m e r  

c o m p o u n d s   can  be  l e d   o u t s i d e   t he   s y s t e m   in  a  g a s e o u s  

f o r m ,   d e p e n d i n g   on  t h e   o p e r a t i n g   c o n d i t i o n s   of  t h e  

r e a c t o r   ( C ) .   I f   t h e y   a r e   r e t a i n e d   in  t he   r e a c t o r ,   t h e y  

can  be  r e m o v e d   by  w a s h i n g   w i t h   w a t e r   or  d i l u t e   a q u e o u s  
a c i d s   or  by  h e a t i n g   in  a  vacuum  f u r n a c e .  

M e t a l l i c   t i t a n i u m   can  be  p r e p a r e d   by  the   r e a c t i o n  

w i t h   m e t a l l i c   a l u m i n i u m   a c c o r d i n g   to  t he   f o l l o w i n g  

e q u a t i o n s :  



B y - p r o d u c t s   s u c h   as  AlF3,   KF  and  NH4F  (D)  a r e   l e d  

o u t s i d e   t h e   r e a c t o r   (C)  in  g a s e o u s   form  to  s e p a r a t e  

them  f rom  T i .   A l t e r n a t i v e l y ,   d e p e n d i n g   on  t h e  

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

w i t h   w a t e r   or  d i l u t e   a q u e o u s   a c i d   to  r emove   t h e  

b y - p r o d u c t s .  

M e t a l l i c   t i t a n i u m   (E)  can   be  o b t a i n e d   f rom  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  t i t a n i u m   (A)  by  t h e   r e a c t i o n  

w i t h   m e t a l l i c   m a g n e s i u m   (B) .   u s u a l l y   h e a t e d   a t   a  

t e m p e r a t u r e   a b o v e   2 2 0 ° C ,   as  shown  in  t he   f o l l o w i n g  

e q u a t i o n s :  

The  f l o w   s h e e t   of  F i g .   2  i l l u s t r a t e s   t he   p r o c e s s  
in  w h i c h   t h e   f l u o r i n e - c o n t a i n i n g   compound   of  Zr ,   Hf  o r  

Ti  i s   p r o d u c e d   as  s t a r t i n g   m a t e r i a l .   An  o r g a n i c   s o l v e n t  

(F)  e x t r a c t i n g   and  c o n t a i n i n g   Zr ,   Hf  or  Ti  i s   l e d   to  a  

s t r i p p i n g   s t a g e   (G) ,   where   Zr ,   Hf  or  Ti  in  t he   o r g a n i c  

p h a s e   i s   t r a n s f e r r e d   to  an  a q u e o u s   p h a s e   (H)  by  b e i n g  

c o n t a c t e d   w i t h   an  a q u e o u s   s o l u t i o n   (E)  wh ich   c o n t a i n s   o n e  

or  more  of   NH4+  and  F-  f o r   Zr  and  Hf  and  of  NH4+,  F-  a n d  
K+  f o r   T i ,   to   o b t a i n   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   o f  

t h e s e   m e t a l s .   T h i s   may  be  i l l u s t r a t e d   by  t h e  

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



w h e r e   R.H  is   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 ,   and  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 .  

R e g e n e r a t e d   o r g a n i c   s o l v e n t   (K)  i s   c i r c u l a t e d  

a g a i n   to  the   e x t r a c t i o n  s t a g e .   The  Zr,   Hf  or  T i  

t r a n s f e r r e d   to  t he   a q u e o u s   medium  i s   d e p o s i t e d   a s  

c r y s t a l s   such  as  ( N H 4 ) 2 Z r F 6 ,   ( N H 4 ) 2 H f F 6 ,   T i F 4 ,  

( N H 4 ) 2 T i F 6   or  K 2 T i F 6 ,   and  i s   r e m o v e d   f rom  t h e   a q u e o u s  

medium  by  f i l t r a t i o n   ( J ) .   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  Zr,   Hf  or  Ti  o b t a i n e d   (A)  i s   t r e a t e d   a s  

shown  in  F ig .   1  to  p r o d u c e   m e t a l l i c   z i r c o n i u m ,   h a f n i u m  

or  t i t a n i u m .  

F i g .   3  i s   a  f l o w - s h e e t   of  t h e   p r e s e n t   i n v e n t i o n  

w h i c h   i n c l u d e s   a  p r o c e d u r e   f o r   t r e a t i n g   A lF3 ,   MgF2 
and  NH4F  (D)  b y - p r o d u c t s   f rom  t he   r e d u c t i o n   of  t h e  

f l u o r i n e - c o m p o u n d s   of  Zr ,   Hf  and  Ti  by  means   o f  

m e t a l l i c   m a g n e s i u m   and  a l u m i n i u m .   The  r o u t e   f rom  t h e  

o r g a n i c   s o l v e n t   (F)  w h i c h   c o n t a i n s   Zr,   Hf  or  Ti  as  a  

r e s u l t   of  e x t r a c t i o n   to  t he   r e a c t o r   (C)  i s   as  shown  i n  

F i g .   2.  AlF3  or  MgF2  (D)  f rom  t he   r e a c t o r   (C)  i s  

t r a n s f e r r e d   to  t he   d e c o m p o s i t i o n   s t a g e   (M),  w h e r e   i t   i s  

c o n v e r t e d   i n t o   A1203  or  Mg0  (N)  by  t he   a c t i o n   of  s t e a m  

or  a i r ,   as  i l l u s t r a t e d   by  t he   f o l l o w i n g  

e q u a t i o n s :  



The  HF  (Q)  p r o d u c e d   in   t h e   o x i d a t i o n   r e a c t i o n s   i s  

i n t r o d u c e d   f o r   r e c o v e r y   i n t o   t he   a b s o r p t i o n   s t a g e   ( P )  

w h e r e   a  NH4F-  and  N H 4 H F 2 - c o n t a i n i n g   s o l u t i o n   c i r c u l a t e s ,  

t h e   s o l u t i o n   a c t i n g   as  s t r i p p e r   f o r   Zr,   Hf  or  T i .  

As  the   r e a c t o r   (C)  of  t he   p r e s e n t   i n v e n t i o n ,   t h o s e  

of  v a r i o u s   f o r m s   can   be  u sed   i n c l u d i n g   c o n v e n t i o n a l  

c l o s e d   t y p e   e l e c t r i c   f u r n a c e s   or  e x t e r n a l   h e a t i n g  

f u r n a c e s   h a v i n g   a  d o u b l e   s t r u c t u r e   ( u p r i g h t ,   h o r i z o n t a l  

or  r o t a t i o n a l ) .  

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

E x a m p l e s .  



Example   1 

C r y s t a l s   of  ( N H 4 ) 2 Z r F 6  w e r e   o b t a i n e d   by  a  p r o c e s s  
in  w h i c h   z i r c o n i u m   e x t r a c t e d   w i t h   a  m ixed   o r g a n i c  

s o l v e n t   c o n s i s t i n g   of   10%  TOA  and  90%  k e r o s e n e   w a s  

s t r i p p e d   w i t h   a  s o l u t i o n   c o n t a i n i n g   250  g / l   of  NH4HF2. 
The  w h i t e   c r y s t a l s   (20  g)  of   ( N H 4 ) 2 Z r F 6  w e r e   h e a t e d   i n  

a  s t r e a m   of  a r g o n   and  t h e   r e s u l t i n g   gas   p a s s e d   i n t o   a  

r e a c t o r ,   where   i t   was  c o n t a c t e d   w i t h   m e t a l l i c   a l u m i n i u m  

p r e h e a t e d   at   660°C  f o r   an  h o u r .   Then  t h e   r e a c t o r   w a s  

c o o l e d .   A n a l y s i s   of   t h e   m a t e r i a l   l y i n g   a t   t h e   b o t t o m  

of  t he   r e a c t o r   r e v e a l e d   t h a t   m e t a l l i c   z i r c o n i u m   w a s  

p r e s e n t   at   t he   deep   b o t t o m ,   b e i n g   c o v e r e d   by  t h e  

m e t a l l i c   a l u m i n i u m   t h e r e o n .   The  s u b s t a n c e   at   t h e   d e e p  

b o t t o m   was  c o l l e c t e d ,   c r u s h e d   and  a n a l y z e d ,   r e v e a l i n g  

t h a t   i t   was  7 .5   g  of  Z r .  

E x a m p l e   2 

C r y s t a l s   of  ( N H 4 ) 2 H f F 6   were   o b t a i n e d   by  a  p r o c e s s  
in  wh ich   h a f n i u m   e x t r a c t e d   w i t h   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   a  s o l u t i o n  

c o n t a i n i n g   200  g / l   of  NH4HF2.  The  c r y s t a l s ,   in  a n  

a m o u n t   of  20  g,  were   h e a t e d   in  a  s t r e a m   of  a r g o n   t o  

v a p o r i z e   t hem.   M e a n w h i l e ,   m e t a l l i c   a l u m i n i u m   w a s  

h e a t e d   at   660oC  in  a  s t r e a m   of  a r g o n   to  v a p o r i z e   i t .  

Both   v a p o u r s   were  i n t r o d u c e d   i n t o   a  r e a c t o r   f o r   r e a c t i o n .  

When  the   r e a c t o r   had  c o o l e d ,   the   m a t e r i a l   d e p o s i t e d  

on  i t s   w a l l   was  a n a l y z e d ,   r e v e a l i n g   t h a t   t he   m a t e r i a l  

was  1 0 . 8   g  of  m e t a l l i c   h a f n i u m .  

Example   3 

C r y s t a l s   of  ( N H 4 ) 2 Z r F 6  w e r e   o b t a i n e d   by  a  p r o c e s s  
in  w h i c h   z i r c o n i u m   e x t r a c t e d   w i t h   a  mixed   o r g a n i c  

s o l v e n t   c o n s i s t i n g   of  60%  TBP  and  40%  a r o m a t i c   h y d r o -  

c a r b o n   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  
180  g / l   of  NH4F.  20  G r a m s  o f   t he   c r y s t a l s   were   p l a c e d  

t o g e t h e r   w i t h   m e t a l l i c   m a g n e s i u m   at   t he   b o t t o m   of  a  

r e a c t o r .   The  



t e m p e r a t u r e   of  t h e   r e a c t o r   was  t h e n   r a i s e d   r a p i d l y   in  a  
s t r e a m   of  a r g o n ,   and  m a i n t a i n e d   a t   800°C  f o r   an  h o u r .  

Then  t h e   r e a c t o r   was  c o o l e d .   A n a l y s i s   of  t h e   r e s i d u e  
f o u n d   r e v e a l e d   i t   to  be  7 . 5   g  of  m e t a l l i c   z i r c o n i u m .  

E x a m p l e  4  

A  t o t a l   of   10  g  of   w h i t e   c r y s t a l s   of   TiF4  w a s  
c o n v e r t e d   i n t o   a  g a s   by  h e a t i n g   a t   600°C  in   a  s t r e a m   o f  

a r g o n ,   and  t h i s   gas   was  b lown  i n t o   a  r e a c t o r   w h i c h   w a s  
f i l l e d   up  w i t h   a r g o n   gas   and  c o n t a i n e d   m e t a l l i c   a l u m i n i u m  

in   t h e   m o l t e n   s t a t e .   When  t he   r e a c t o r   had  c o o l e d ,   a  
b l a c k   r e a c t i o n   p r o d u c t   f o u n d   on  t h e   i n s i d e   w a l l   and  a t  

t h e   b o t t o m   p r o v e d   to  be  3 .8   g  of  m e t a l l i c   t i t a n i u m .  

E x a m p l e   5 

A  m i x e d   o r g a n i c   s o l v e n t   c o n s i s t i n g   of  30%  o f  

D2EHPA  and  70%  of  n - p a r a f f i n   ( p a r a f f i n   h y d r o c a r b o n  

h a v i n g   2  to  14  c a r b o n   a t o m s )   c o n t a i n e d   e x t r a c t e d   Ti  i o n s  

i n  a   c o n c e n t r a t i o n   of  15  g / l .   C r y s t a l s   of  ( N H 4 ) 2 T i F 6  

were   o b t a i n e d   by  c o n t a c t i n g   t h i s   s o l v e n 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   150  g /1   of  NH4HF2.  20  Grams  o f  

t h e   w h i t e   c r y s t a l s   ( N H 4 ) 2 T i F 6  w e r e   h e a t e d   to  v a p o r i z e  

them  in  a  s t r e a m   of  a r g o n   and  the   v a p o u r   p a s s e d   to   a  

r e a c t o r   w h i c h   was  p r e h e a t e d   and  m a i n t a i n e d   a t   1 0 0 0 ° C .  

M e a n w h i l e ,   a l u m i n i u m   was  v a p o r i z e d   by  h e a t i n g   in  a  

s t r e a m   of  a r g o n .   The  two  v a p o u r s   were  b r o u g h t   i n t o  

c o n t a c t   in  a  s e p a r a t e   r e a c t o r .   When  t he   l a t t e r   r e a c t o r  

was  c o o l e d ,   a n a l y s i s   of  a  b l a c k   r e a c t i o n   p r o d u c t  

d e p o s i t e d   on  the   i n s i d e   w a l l   and  at  the   b o t t o m   of  t h e  

r e a c t o r   r e v e a l e d   t h a t - i t   was  4 .8   g  of  m e t a l l i c   t i t a n i u m .  

E x a m p l e   6 

A  mixed   o r g a n i c   s o l v e n t   c o n s i s t i n g   of  60%  of  TBP 

and  40%  of  i s o p a r a f f i n   ( c o m m e r c i a l l y   a v a i l a b l e   u n d e r   t h e  

name  " I s o p a r a f f i n " )   w h i c h   e x t r a c t e d   and  c o n t a i n e d  



H2TiF6   was  b r o u g h t   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  2 0 0   g /1   of  KHF2  to  p r o d u c e   o r y s t a l s  

of   X2 TiF6,  20  Grams  of  t h e   c r y s t a l s   were   p a c k e d   t o g e t h e r  

w i t h   50  g  of  m e t a l l i c   a l u m i n i u m   at   the   b o t t o m   of  a  

r e a c t o r .   The  r e a c t o r   was  f i l l e d   up  w i t h   H2  gas   and  t h e  

t e m p e r a t u r e   was  r a p i d l y   r a i s e d   to  1000°C   and  m a i n t a i n e d  

t h e r e   f o r   2  h o u r s .   Then  t he   r e a c t o r   was  c o o l e d .   A l l  

t h e   r e s i d u e   f o u n d   o n  t h e   i n s i d e   w a l l   and  a t   t he   b o t t o m  

of  t h e   r e a c t o r   was  c o l l e c t e d ,   w a s h e d   w i t h   5%  HCl,  a n d  

a n a l y s e d   a s  4   g  of  m e t a l l i c   t i t a n i u m .  

E x a m p l e   7 

G a s e o u s   T i F 4 ,   w h i c h   was  p r o d u c e d   by  h e a t i n g   20  g  o f  

c r y s t a l l i n e   TiF4  a t   a  s u f f i c i e n t   t e m p e r a t u r e   in  a  s t r e a m  

of   h y d r o g e n ,   was  t r a n s f e r r e d   to  a  r e a c t o r   in  w h i c h   m e t a l l i c  

m a g n e s i u m   was  p r e h e a t e d   a t   8 0 0 ° C .   The  r e a c t o r   was  c o o l e d  

a f t e r   an  h o u r .   Then  b l a c k   p o w d e r s   d e p o s i t e d   on  t h e   i n s i d e  

w a l l   and  a t   t he   b o t t o m   of  t h e   r e a c t o r   were   o o l l e o t e d .  

They  a m o u n t e d   to  7 .6   g,  and  were   shown  to  be  of  m e t a l l i c  

t i t a n i u m   by  X - r a y   d i f f r a c t i o n   a n a l y s i s .  

E x a m p l e   8 

A  g a s e o u s   m a t e r i a l   p r o d u c e d   by  h e a t i n g   20  g  o f  

( N H 4 ) 2 T i F 6   c r y s t a l s   in   a  s t r e a m   of  a r g o n   was  b lown  i n t o  

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

t e m p e r a t u r e   a b o v e   800°C  in  a  s t r e a m   or  a r g o n .   The  

r e a c t o r   was  c o o l e d   a f t e r   an  h o u r .   On  d i s m a n t l i n g   t h e  

r e a c t o r ,   t h e   p o w d e r s   d e p o s i t e d   in  i t s   i n s i d e   were   f o u n d  

to  a m o u n t   to  4 . 8   g.  They  were   shown  to  be  of  m e t a l l i c  

t i t a n i u m   by  X - r a y   d i f f r a c t i o n   a n a l y s i s .  



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

h a f n i u m   or  t i t a n i 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  z i r c o n i u m ,  

h a f n i u m   or  t i t a n i u m   i n t o   c o n t a c t   w i t h   h e a t e d   m e t a l l i c  

a l u m i n i u m   or  m a g n e s i u m ,   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 he   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   a c c o r d i n g   to   c l a i m   1  w h e r e i n   t h e   f l u o r i n e -  

- c o n t a i n i n g   compound   i s   ( N H 4 ) 2 Z r F 6 ,   ( N H 4 ) 2 H f F 6 ,  

( N H 4 ) 2 T i F 6 ,   T i F 4 ,   Z rF4 ,   HfF4  or  K 2 T i F 6 .  

3.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1  or  2  w h e r e i n   m e t a l l i c  

z i r c o n i u m   or  h a f n i u m   i s   p r e p a r e d   and  the   m e t a l l i c  

a l u m i n i u m   or  m a g n e s i u m   i s   h e a t e d   to  a  t e m p e r a t u r e   a b o v e  
4 0 0 ° C .  

4.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   1  or  2  w h e r e i n   m e t a l l i c  

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

m a g n e s i u m   i s   h e a t e d   to  a  t e m p e r a t u r e   a b o v e   2 2 0 ° C .  

5.  A  p r o c e s s   a c c o r d i n g   to   any  one  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   t h e   c o n t a c t   i s   w i t h   h e a t e d   m e t a l l i c  

a l u m i n i u m .  

6.  A  p r o c e s s   a c c o r d i n g   to   any  one  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   t h e   f l u o r i n e - c o n t a i n i n g   compound   i s  

p r o d u c e d   by  e x t r a c t i n g   a  z i r c o n i u m ,   h a f n i u m   or  t i t a n i u m  

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

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   o f  

(a )   a l k y l p h o s p h o r i c   a c i d s ,   (b)   a l k y l a r y l p h o s p h o r i c   a c i d s ,  

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

(e )   k e t o n e s ,   and  b r i n g i n g   t h e   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   a t   l e a s t   one  of  F  ,   NH4+ 

and  K+  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   z i r c o n i u m ,  

h a f n i u m   or  t i t a n i 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   t h e r e o f .  

7.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   6  w h e r e i n   t h e   s o l v e n t  

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

h y d r o c a r b o n .  



8.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   7  w h e r e i n   m e t a l l i c  

z i r c o n i u m   or  h a f n i u m   i s   p r e p a r e d   and  the   a q u e o u s   s o l u t i o n  

c o n t a i n s   NH4+.  

9.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   4  w h e r e i n   t h 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   of  t i t a n i u m   i s   p r o d u c e d   b y  

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

(1)   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  o f   (A)  a l k y l p h o s p h o r i c   a c i d s ,   ( B )  

a l k y l a r y l p h o s p h o r i c   a c i d s ,   (C)  c a r b o x y l i c   a c i d s ,  

(D)  o x i m e s   and  (E)  n e u t r a l   p h o s p h o r i c   a c i d   e s t e r s ,   a n d  

(2 )   p e t r o l e u m   h y d r o c a r b o n   as  d i l u e n t ,   and  b r i n g i n g   t h e  

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  

a t   l e a s t   one  of  F-,   NH4+  and  K+  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   t i t a n i 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   t h e r e o f .  

10 .   A  p r o c e s s   a c c o r d i n g   to   any  one  of  c l a i m s   6-9  w h e r e i n  

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

i s   t r e a t e d   to  r e c o v e r   t he   f l u o r i d e   c o n t e n t   and  t h i s   i s  

r e c y c l e d   f o r   use   in  t he   a q u e o u s   s o l u t i o n .  
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