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©  Method  of  recovering  uranium. 

Method  for  recovering  uranium  from  a  calcium  fluoride 
aqueous  slurry  which  contains  less than  100  parts  per  million 
of  iron.  The  slurry  is  passed  through  a  high  gradient 
magnetic  separator  which  results  in  the  detention  of  the 
uranium  on  the  intermediate  in  the  separator.  The  uranium  is 
then  removed  from  the  intermediate  by,  for  example, 
dissolution  in  a  carbonate  solution  or  a  nitric  acid  solution. 
Uranium  in  the  carbonate  solution  can  then  be  removed  with 
an  ion  exchange  column  and  later  removed  from  the  ion 
exchange  column  with  a  nitric  acid  solution.  Uranium  in  the 
nitric  acid  solution  can  be  extracted  using  a  DEPA-TOPO 
extractant. 



T h i s   i n v e n t i o n   r e l a t e s   to  r e c o v e r i n g   u r a n i u m  

f rom  an  a q u e o u s   c a l c i u m   f l u o r i d e   s l u r r y .  

U.S.   P a t e n t   S p e c i f i c a t i o n   No.  2 , 9 6 5 , 4 4 0   d i s -  

c l o s e s   t h e   r e c o v e r y   of  u r a n i u m   f rom  an  o r e   c o n t a i n i n g  

i r o n .   The  o r e   i s   g r o u n d   to  a  s u i t a b l e   p a r t i c l e   s i z e   a n d  

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

v i e w   of  t h e   p r e s e n c e   of  i r o n   in   t h e   c o m p l e x ,   t h e   c o m p l e x  

can   t h e n   be  m a g n e t i c a l l y   s e p a r a t e d   f rom  t h e   r e m a i n d e r   o f  

t h e  o r e .  

In  an  ammonium  d i u r a n a t e   c o n v e r s i o n   p r o c e s s   f o r  

t h e   p r e p a r a t i o n   of  u r a n i u m   o x i d e   p o w d e r ,   a  w a s t e   s t r e a m   i s  

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

n i t r a t e   i o n s .   To  r e c o v e r   t h e   ammonia   and  l o w e r   t h e   f l u o -  

r i d e   l e v e l s ,   a  c a l c i u m   h y d r o x i d e   or  l i m e   s l u r r y   i s   a d d e d  

w h i c h   p r e c i p i t a t e s   c a l c i u m   f l u o r i d e .   The  ammonium  d i u r a n -  

a t e   w a s t e   s t r e a m   i s   p r o c e s s e d   in   an  ammonia   s t r i p p i n g  

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

i s   s e n t   to  a  s e t t l i n g   l a g o o n   where   e x c e s s   w a t e r   i s   d e c a n t -  

ed  and  run   o f f .   Some  of  t h e   u r a n i u m   r e m a i n s   in   t h e   c a l -  

c ium  f l u o r i d e   s l u r r y   as  i n s o l u b l e   c a l c i u m   u r a n a t e .   T h i s  

c a l c i u m   u r a n a t e   w a s t e   n o t   o n l y   c r e a t e s   an  e x p e n s i v e   d i s -  

p o s a l   p r o b l e m   b u t   a l s o   r e p r e s e n t s   a  l o s s   of  a  v a l u a b l e  

r e s o u r c e .   W h i l e   o t h e r   p r o c e s s e s ,   such   as  t h a t   d i s c l o s e d  

in   J a p a n e s e   P a t e n t   4 8 - 3 8 3 2 0 ,   can  be  u s e d   to  r emove   some  o f  

t h e   u r a n i u m   f rom  t he   w a s t e   s t r e a m   p r i o r   to  t h e   p r e c i p i t a -  

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



u s e   in   r e c o v e r i n g   t h e   u r a n i u m   w h i c h   i s   p r e s e n t   in   v a s t  

p o n d s   of  c a l c i u m   f l u o r i d e   s l u r r y   w h i c h   a l r e a d y   e x i s t .  

A c c o r d i n g l y   t h e   p r e s e n t   i n v e n t i o n   r e s i d e s   in   a  

m e t h o d   of  r e c o v e r i n g   u r a n i u m   f rom  an  a q u e o u s   c a l c i u m  

f l u o r i d e   s l u r r y   c o n t a i n i n g   l e s s   t h a n   100  ppm  of  i r o n   w h i c h  

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

m a g n e t i c   s e p a r a t o r ;   and  r e m o v i n g   u r a n i u m   f rom  s a i d   s e p -  

a r a t o r .  

T h i s   p r o c e d u r e   i s   s i m p l e ,   r e a s o n a b l y   i n e x p e n s -  

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

p r o d u c e   a  u r a n i u m   p r o d u c t   w h i c h   can   be  a d d e d   d i r e c t l y   t o  

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

In  o r d e r   t h a t   t h e   i n v e n t i o n   can   be  more   c l e a r l y  

u n d e r s t o o d ,   c o n v e n i e n t   e m b o d i m e n t s   t h e r e o f   w i l l   now  b e  

d e s c r i b e d ,   by  way  of  e x a m p l e ,   w i t h   r e f e r e n c e   to   t h e   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 u r e   1  i s   a  b l o c k   d i a g r a m   i l l u s t r a t i n g   a  

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

i o n   e x c h a n g e   c o l u m n .  

F i g u r e   2  i s   a  b l o c k   d i a g r a m   of  an  a l t e r n a t i v e  

u r a n i u m   r e c o v e r y   p r o c e s s   u s i n g   a  n i t r i c   a c i d   w a s h .  

R e f e r r i n g   to  F i g u r e   1,  a  d i s p e r s a n t   in   l i n e   1  i s  

a d d e d   to   a  c a l c i u m   f l u o r i d e   s l u r r y   in   l i n e   2.  The  s l u r r y  

p a s s e s   t h r o u g h   b a l l   m i l l   3  w h i c h   g r i n d s   up  any  l a r g e  

p a r t i c l e s   w h i c h   may  be  p r e s e n t ,   t h e n   pump  4  f o r c e s   t h e  

s l u r r y   i n t o   c y c l o n e   s e p a r a t o r   5  w h i c h   s e p a r a t e s   t h e   s l u r r y  

i n t o   l a r g e   p a r t i c l e s   w h i c h   a r e   r e c y c l e d   in   l i n e   6  a n d  

f i n e r   p a r t i c l e s   w h i c h   a r e   p a s s e d   t h r o u g h   l i n e   7  and  v a l v e  

8  to  h i g h   g r a d i e n t   m a g n e t i c   s e p a r a t o r   9.  The  m a g n e t i c  

s e p a r a t o r   c o m p r i s e s   an  i r o n   box  10  c o n t a i n i n g   p o l e s   11  a n d  

12  of  an  e l e c t r o m a g n e t   b e t w e e n   w h i c h   i s   a  p o r o u s   f e r r o m a g -  

n e t i c   i n t e r m e d i a t e   13.  As  t h e   c a l c i u m   f l u o r i d e   s l u r r y  

p a s s e s   t h r o u g h   t h e   s e p a r a t o r ,   t h e   u r a n i u m   in   t h e   s l u r r y  

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

r e m a i n i n g   s l u r r y   goes   to  d e t e c t o r   14  w h i c h   p r o v i d e s   a  

s i g n a l   when  t h e   s e p a r a t o r   h a s   become   s a t u r a t e d   w i t h   u r a n -  

ium  so  t h a t   t h e   u r a n i u m   now  p a s s e s   t h r o u g h   t h e   s e p a r a t o r .  



The  s l u r r y   t h e n   p a s s e s   t h r o u g h   v a l v e   15  to  s l u d g e   d e -  

w a t e r e r   16  w h i c h   r e m o v e s   some  of  t h e   w a t e r .   The  r e m a i n d e r  

of   t h i s   s l u r r y   b e c o m e s   w a s t e   s l u d g e .   When  t h e   d e t e c t o r  

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

v a l v e s   8  and  15  a r e   t u r n e d   so  t h a t   c a r b o n a t e   l e a c h   s o l u -  

t i o n   in   l i n e   17  now  p a s s e s   i n t o   t h e   s e p a r a t o r ,   d i s s o l v i n g  

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

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

u r a n i u m   p a s s e s   t h r o u g h   v a l v e   15  and  l i n e   18  to  f i l t e r   19 

w h i c h   r e m o v e s   any  l a r g e   p a r t i c l e s   w h i c h   may  be  p r e s e n t .  

The  d i s s o l v e d   u r a n i u m   p a s s e s   t h r o u g h   l i n e   20  i n t o   i o n  

e x c h a n g e   c o l u m n   21  w h e r e   t h e   u r a n i u m   i s   e x c h a n g e d   o n t o   t h e  

i o n   e x c h a n g e   c o l u m n .   Pump  22  p r o v i d e s   t h e   p r e s s u r e   f o r  

t h i s   f l o w   c y c l e .   When  t h e   c a r b o n a t e   l e a c h   i s   f i n i s h e d   a n d  

v a l v e s   8  and  15  h a v e   b e e n   t u r n e d   to  p e r m i t   t h e   c a l c i u m  

f l u o r i d e   s l u r r y   to  a g a i n   f l o w   i n t o   t he   s e p a r a t o r ,   f i l t e r  

19  c an   be  w a s h e d   c l e a n   by  p u m p i n g   w a t e r   f rom  s l u d g e   d e -  

w a t e r e r   16  t h r o u g h   t h e   f i l t e r   u s i n g   pump  2 3 .  

In  a n o t h e r   e m b o d i m e n t   of  t h e   i n v e n t i o n ,   n i t r i c  

a c i d   i s   u s e d   to   r e m o v e   t h e   u r a n i u m   f rom  t h e   s e p a r a t o r   a n d  

two  s e p a r a t o r s   a r e   u s e d   to   p r o v i d e   a  c o n t i n u o u s   b a t c h  

o p e r a t i o n .   In  F i g u r e   2,  t h e   c a l c i u m   f l u o r i d e   s l u r r y  

p a s s e s   t h r o u g h   l i n e   30  t h r o u g h   v a l v e   31  in   t h e   s e p a r a t o r  
32  t h r o u g h   v a l v e   33  and  l i n e   34  to   a  s t o r a g e   p o n d .   W h i l e  

t h a t   i s   o c c u r r i n g ,   n i t r i c   a c i d   i n   l i n e   35  p a s s e s   t h r o u g h  

v a l v e   36  i n t o   s e p a r a t o r   37  d i s s o l v i n g   u r a n i u m   on  t h e  

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

d i s s o l v e d   u r a n i u m   p a s s e s   t h r o u g h   v a l v e   38  and  l i n e   39  

w h e r e   i t   i s   s e n t   to   a  s o l v e n t   e x t r a c t o r .   When  s e p a r a t o r  

32  h a s   become   s a t u r a t e d ,   v a l v e s   31,  33,  36,  and  38  a r e  

c l o s e d   and  v a l v e s   40,  41,  42,  and  43  a r e   o p e n e d .   T h e  

n i t r i c   a c i d   now  p a s s e s   t h r o u g h   l i n e   35  t h r o u g h   v a l v e   4 0 ,  

d i s s o l v e s   t h e   u r a n i u m   in  s e p a r a t o r   32,  t h e n   p a s s e s   t h r o u g h  

v a l v e   41  and  o u t   l i n e   39.  The  c a l i c u m   f l u o r i d e   s l u r r y   now 

p a s s e s   t h r o u g h   v a l v e   42  i n t o   s e p a r a t o r   37  t h r o u g h   v a l v e   43 

and  ou t   l i n e   3 4 .  



The  i n i t i a l   c a l c i u m   f l u o r i d e   s l u r r y   may  c o n t a i n  

1  to   10  p e r c e n t   s o l i d s ,   of  w h i c h   a t   l e a s t   95  p e r c e n t   b y  

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

f rom  1  to  1000  ppm  u r a n i u m ,   u s u a l l y   in   t h e   fo rm  of   s o m e  

t y p e   of  c a l c i u m   u r a n a t e .   The  u r a n i u m   in   t h e s e   s l u r r i e s  

may  be  e n r i c h e d   in   u r a n i u m   235,   m a k i n g   i t   p a r t i c u l a r l y  

v a l u a b l e .   G e n e r a l l y ,   t h e   i n v e n t i o n   w i l l   work   w i t h   a n y  

l i q u i d   s l u r r y   of  c a l c i u m   f l u o r i d e   w h i c h   c o n t a i n s   an  i n s o l -  

u b l e   u r a n i u m   c o m p o u n d .   T h i s   s l u r r y   mus t   h a v e   l e s s   t h a n  

100  p a r t s   p e r   m i l l i o n   of  i r o n   p r e s e n t   b e c a u s e   t h e   i r o n   i s  

d i s s o l v e d   w i t h   t h e   u r a n i u m   and  w o u l d   c o n t a m i n a t e   i t   in   t h e  

s u b s e q u e n t   p r o c e s s e s .   Such  c o n t a m i n a t i o n   w o u l d   make  i t  

n e c e s s a r y   to  r e p r o c e s s   t h e   u r a n i u m   in  t h e   fo rm  of   u r a n i u m  

h e x a f l u o r i d e   in   o r d e r   to  s e p a r a t e   i t   f rom  t h e   i r o n .   I n  

t h e   a b s e n c e   of  i r o n ,   h o w e v e r ,   t h e   p r o d u c t   of  t h i s   i n v e n -  

t i o n   can   be  d i r e c t l y   f e d   i n t o   t h e   s o l v e n t   e x t r a c t i o n  

p r o c e s s .  
A  d i s p e r s a n t   may  be  a d d e d   to  t h e   c a l c i u m   f l u o -  

r i d e   s l u r r y   to   a i d   in   b r e a k i n g   up  t h e   l a r g e r   s i z e   p a r -  
t i c l e s .   The  d i s p e r s a n t s   i n c l u d e   d e t e r g e n t s   s u c h   as  s o d i u m  

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

p r o d u c t ,   5  to   8  p e r c e n t   s o d i u m   s u l f a t e   in   a  c o n d e n s e d  

o r g a n i c   a c i d ,   and  c o m p l e x   p o l y m e r i z e d   o r g a n i c   s a l t s   o f  

s u l f u r i c   a c i d s   of  a l k y l - a r y l   t y p e .   The  p r e f e r r e d   d i s p e r s -  

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

c o n d e n s a t i o n   p r o d u c t   s o l d   by  S t e p a n   C h e m i c a l   Company  a s  

" S t e p a n t a n   A".  From  0 . 0 1   to   0 . 0 2   p e r c e n t   by  w e i g h t   of  a  

d i s p e r s a n t   may  be  u s e d   i f   d e s i r e d .  

The  b a l l   m i l l   or  o t h e r   means  of  r e d u c i n g   t h e  

p a r t i c l e   s i z e   in   t h e   s l u r r y   i s   n e c e s s a r y   o n l y   i f   l a r g e  

p a r t i c l e s   a r e   p r e s e n t .   P r e f e r a b l y ,   t h e   p a r t i c l e s   in   t h e  

s l u r r y   s h o u l d   be  no  l a r g e r   t h a n   a b o u t   5  m i c r o n s .  

U n l i k e   n o r m a l   m a g n e t i c   s e p a r a t i o n ,   w h e r e   p a r t i -  

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

t h e y   p a s s   u n d e r   t h e   m a g n e t   on  a  b e l t ,   t h e   p r o c e s s   of  t h i s  

i n v e n t i o n   r e q u i r e s   t h e   u s e   of  a  h i g h   g r a d i e n t   m a g n e t i c  

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



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

a p a r t ,   and  t h e   s p a c i n g   b e t w e e n   them  i s   f i l l e d   w i t h   a  

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

h a v e   a  m a g n e t i c   f i e l d   of  g r e a t e r   t h a n   10  k i l o g a u s s   i n  

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

w e a k l y   m a g n e t i c .   G e n e r a l l y   g r e a t e r   t h a n   75  k i l o w a t t s   o f  

p o w e r   a r e   r e q u i r e d   and  t he   m a g n e t   s h o u l d   have   a  c o i l   d i -  

a m e t e r   of  l e s s   t h a n   40  c e n t i m e t e r s .   A  s e p a r a t o r   c a n  

t y p i c a l l y   t a k e   up  to   3  t o n s   p e r   h o u r   of  s o l i d s   t h r o u g h p u t .  

The  s e p a r a t o r   t r a p s   t h e   c a l c i u m   u r a n a t e ,   f o r   e x a m p l e ,  

CaU04,  p a r t i c l e s   on  t h e   i n t e r m e d i a t e ,   w h i c h   s h o u l d   h a v e   a  

p o r o s i t y   of  g r e a t e r   t h a n   50%.  I f   n i t r i c   a c i d   i s   n o t   u s e d  

t h e   i n t e r m e d i a t e   can   be  made  of   s t e e l   w o o l ,   b u t   i f   n i t r i c  

a c i d   i s   u s e d   s t a i n l e s s   s t e e l   woo l   i s   n e e d e d   as  o r d i n a r y  

s t e e l   wool   i s   a t t a c k e d   by  n i t r i c   a c i d .  

The  c a l c i u m   f l u o r i d e   s l u r r y   i s   run   t h r o u g h   t h e  

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

h a s   become   s a t u r a t e d   and  u r a n i u m   i s   now  p a s s i n g   t h r o u g h  

t h e   s e p a r a t o r .   A  s u i t a b l e   d e t e c t o r   can   be  a  G e i g e r   c o u n t -  

e r   or  s i m i l a r   d e v i c e ,   b u t   a  f l u o r i m e t o r   i s   p r e f e r r e d   a s  

t h e y   a r e   t h e   m o s t   s e n s i t i v e   to   u r a n i u m .   The  f l o w   r a t e  

t h r o u g h   t h e   s e p a r a t o r   s h o u l d   be  l e s s   t h a n   a b o u t   10  g a l l o n s  

p e r   m i n u t e   as  h i g h e r   r a t e s   may  wash   t h e   u r a n i u m   o f f   t h e  

i n t e r m e d i a t e .  

The  u r a n i u m   can   be  r e m o v e d   f rom  t h e   i n t e r m e d i a t e  

in   t h e   s e p a r a t o r   by  a  v a r i e t y   of   m e a n s .   For   e x a m p l e ,  

a l m o s t   any  c a r b o n a t e   s o l u t i o n   w h i c h   i s   f rom  2  to   5  m o l a r  

w i l l   d i s s o l v e   t h e   u r a n i u m   in  t h e   s e p a r a t o r .   W h i l e   s o d i u m  

or  any  o t h e r   a l k a l i   m e t a l   c a r b o n a t e   can   be  u s e d ,   ammonium 

c a r b o n a t e   i s   p r e f e r r e d   as  i t   i s   more  c o m p a t i b l e   w i t h  

s u b s e q u e n t   p r o c e s s e s .   The  p r e f e r r e d   m e t h o d   of  r e m o v i n g  

t h e   u r a n i u m ,   h o w e v e r ,   i s   to  b a c k   wash  w i t h   an  a q u e o u s  
s o l u t i o n   of  n i t r i c   a c i d .   The  n i t r i c   a c i d   wash  s h o u l d   h a v e  

a  pH  of  g r e a t e r   t h a n   a b o u t   2  in   o r d e r   to  a v o i d   d i s s o l v i n g  

t h e   c a l c i u m   f l u o r i d e   and  s h o u l d   h a v e   a  pH  of  l e s s   t h a n  

a b o u t   3  or  i t   w i l l   n o t   d i s s o l v e   t h e   u r a n i u m .  



I f   n i t r i c   a c i d   i s   u s e d   t h e   l e a c h a t e   can   be  s e n t  

d i r e c t l y   to   a  s o l v e n t   e x t r a c t i o n   s y s t e m   u s i n g ,   f o r   e x -  

a m p l e ,   d i - 2 - e t h y l h e x y l   p h o s p h o r i c   a c i d - t r i o c t y l   p h o s p h i n e  

o x i d e   (DEPA-TOPO)  in   an  o r g a n i c   s o l v e n t   s u c h   as  k e r o s e n e ,  

as  i s   w e l l   known  in   t h e   a r t .   I f   a  c a r b o n a t e   s o l u t i o n   i s  

u s e d ,   t h e   u r a n i u m   can   be  r e m o v e d   f rom  t h e   c a r b o n a t e   s o l u -  

t i o n   on  an  i o n   e x c h a n g e   c o l u m n   as  i s   a l s o   w e l l   known  i n  

t h e   a r t .   The  u r a n i u m   can   t h e n   be  r e m o v e d   f rom  t h e   i o n  

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

t h e n   s e n t   to   a  s o l v e n t   e x t r a c t i o n   p r o c e s s .   T h u s ,   t h e  

e x t r a   s t e p   of  e x t r a c t i o n   on  an  i o n   e x c h a n g e   c o l u m n   i s  

a v o i d e d   when  n i t r i c   a c i d   i s   u s e d   to   r e m o v e   t h e   u r a n i u m  

f r o m   t h e   s e p a r a t o r .  

The  i n v e n t i o n   w i l l   now  be  i l l u s t r a t e d   w i t h  

r e f e r e n c e   to  t h e   f o l l o w i n g   E x a m p l e :  

EXAMPLE 

An  a q u e o u s   c a l c i u m   f l u o r i d e   s o l u t i o n   c o n t a i n i n g  

2  p e r c e n t   s o l i d s   and  15  p a r t s   p e r   m i l l i o n   u r a n i u m   a s  

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

in   F i g u r e   1  c o n t a i n i n g   a  s t a i n l e s s   s t e e l   wool   i n t e r m e d i -  

a t e .   The  s e p a r a t o r   can  have   a  f i e l d   of   20  k i l o g a u s s ,   a  

p o w e r   of   150  k i l o w a t t s ,   and  a  c o i l   d i a m e t e r   of   30  c e n t i -  

m e t e r s .   Two  t o n s   p e r   h o u r   of  s l u r r y   can   be  p a s s e d   t h r o u g h  

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

i s   no  l o n g e r   b e i n g   d e t a i n e d   on  t h e   i n t e r m e d i a t e ,   t h e  

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

i s   w a s h e d   w i t h   a  10%  s o l u t i o n   of  n i t r i c   a c i d .   The  u r a n i u m  

in   t h e   n i t r i c   a c i d   i s   t h e n   e x t r a c t e d   u s i n g   t h e   DEPA-TOPO 

e x t r a c t a n t .  



1.  A  m e t h o d   of  r e c o v e r i n g   u r a n i u m   from  a n  

a q u e o u s   c a l c i u m   f l u o r i d e   s l u r r y   c o n t a i n i n g   l e s s   t h a n   1 0 0  

ppm  of  i r o n   c h a r a c t e r i z e d   by  p a s s i n g   s a i d   s l u r r y   t h r o u g h   a  

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

f rom  s a i d   s e p a r a t o r .  
2.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i z e d  

in   t h a t   t h e   m a g n e t i c   f i e l d   in   s a i d   s e p a r a t o r   i s   10  k i l o -  

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

t e r i z e d   in  t h a t   t he   u r a n i u m   i s   r e m o v e d   f rom  t h e   s e p a r a t o r  

by  w a s h i n g   w i t h   an  a q u e o u s   s o l u t i o n   of  n i t r i c   a c i d   h a v i n g  

a  pH  b e t w e e n   2  and  3 .  

4.  A  m e t h o d   a c c o r d i n g   to  c l a i m   3,  c h a r a c t e r i z e d  

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

i s   s o l v e n t   e x t r a c t e d   u s i n g   DEPA-TOPO. 

5.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1  or  2,  c h a r a c -  

t e r i z e d   in  t h a t   t h e   u r a n i u m   i s   r e m o v e d   f rom  t h e   s e p a r a t o r  

by  l e a c h i n g   w i t h   an  a q u e o u s   c a r b o n a t e   s o l u t i o n .  

6.  A  m e t h o d   a c c o r d i n g   to  c l a i m   5,  c h a r a c t e r i z e d  

in   t h a t   t he   c a r b o n a t e   s o l u t i o n   i s   f rom  2  to  5  m o l a r   ammon-  

ium  c a r b o n a t e .  

7.  A  m e t h o d   a c c o r d i n g   to  c l a i m   5  or  6,  c h a r a c -  

t e r i z e d   in   t h a t   t he   u r a n i u m   in   t h e   c a r b o n a t e   s o l u t i o n   i s  

r e m o v e d   on  an  ion   e x c h a n g e   c o l u m n .  

8.  A  m e t h o d   a c c o r d i n g   to  c l a i m   7,  c h a r a c t e r i z e d  

in   t h a t   t he   u r a n i u m   on  t he   i on   e x c h a n g e   co lumn  is   r e m o v e d  

t h e r e f r o m   w i t h   an  a q u e o u s   s o l u t i o n   of  n i t r i c   a c i d .  



9.  A  m e t h o d   a c c o r d i n g   to  any  of  t he   p r e c e d i n g  

c l a i m s ,   c h a r a c t e r i z e d   in   t h a t   t h e   s e p a r a t o r   c o m p r i s e s   t w o  

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

i n t e r m e d i a t e   t h r o u g h   w h i c h   t h e   a q u e o u s   s l u r r y   p a s s e s .  
10.  A  m e t h o d   a c c o r d i n g   to   c l a i m   9,  c h a r a c t e r -  

i z e d   in   t h a t   t h e   m a g n e t i c   p o l e s   a r e   l e s s   t h a n   3  i n c h e s  

a p a r t   and  h a v e   a  c o i l   d i a m e t e r   of   l e s s   t h a n   40  cm.  

11.  A  m e t h o d   a c c o r d i n g   to  c l a i m   9  or  10,  w h e r e -  

in   t h e   s e p a r a t o r   i s   s t a i n l e s s   s t e e l   wool   h a v i n g   a  p o r o s i t y  

g r e a t e r   t h a n   50%. 
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