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@  A  method  of  purifying  a  substance  by  the  selective  alkaline  carbonate  leaching  of  said  substance  to  remove  uranium 
therefrom. 

A  method  of  purifying  uranium-containing  substances  con- 
taining  compounds  of  one  or  more  of  the  metals  aluminium, 
magnesium,  calcium  and  iron  by  removing  the  uranium  from 
said  substances.  The  purification  is  effected  by  selective, 
alkaline  carbonate  leaching  of  the  uranium.  The  substance  is 
finely  divided  and  slurried  in  an  aqueous  solution  containing 
0.3-1.5  moie/l  of  carbonate  ions  and  having  an  oxidation  poten- 
tial  of  0.3-1  V,  and  subsequent  to  the  leaching  process  the 
leaching  liquid  has  a  pH  of  between  8.5  and  10.5  at  a  pressure 
of  0.2  to  2.0  MPa. 

The  substance  may  be  finely-divided  by  wet-grinding,  and 
the  leaching  solution  used  as  the  grinding  liquid.  The  leaching  is 
preferably  effected  in  a  tube  reactor  vessel  in  which  the  sub- 
stance  is  slurried  in  leaching  liquid  at  a  temperature  of 
120-180°  C  and  leached  at  a  partial  pressure  of  oxygen  of 
0.1-0.6  MPa. 



The  p r e sen t   i nven t ion   r e l a t e s   to  a  novel  p u r i f y i n g   process  for  s e p a -  

r a t i o n   uranium  from  a  u r a n i u m - c o n t a i n i n g   s u b s t a n c e ,   by  s u b j e c t i n g  

said  subs tance   to  a  s e l e c t i v e ,   a l k a l i n e   l each ing   process .   By  s u b -  

s tances   is  here in   meant  p r i m a r i l y   phospho rous  -   c o n t a i n i n g ,   c a r b o n -  

c o n t a i n i n g   and/or   s u l p h u r - c o n t a i n i n g   subs tances   having  compounds  o f  

one  or  more  of  the  metals   a luminium,  magnesium,  calcium  and  i r o n .  

P u r i f i c a t i o n   of  the  subs t ance   is  e f f e c t e d   by  l each ing   a  f i n e l y - d i v i d e d  

s l u r r y   t h e r e o f   in  a  l each ing   l i q u i d   c o n t a i n i n g   0 .3 -1 .5   mole  of  c a r -  

bonate  ions  per  l i t r e   and  having  an  o x i d a t i o n   p o t e n t i a l   of  0.3-1  V, 

said  l each ing   process   being  e f f e c t e d   so  that   the  l each ing   l i q u i d ,  

subsequent   to  said  l each ing   p r o c e s s ,   has  a  pH  of  8.5  to  10.5.  The 

leach ing   process   is  c a r r i e d   out  at  a  p r e s su re   of  0 . 2 - 2 . 0   MPa. 

It  has  been  d i s c o v e r e d   in  r e c e n t   times  tha t   r a d i o a c t i v e   ma te r i a l   i s  

abundent ly   p r e s e n t   in  a  highly  u n d e s i r a b l e   manner  in  i n d u s t r i a l   p r o -  

ducts .   Thus,  uranium  has  been  found  in  bu i l d ing   m a t e r i a l s   and  r a d i o -  

a c t i v e   subs t ances   have  been  found  in  f e r t i l i z e r s   such  as  p h o s p h a t e s ,  

p h o s p h o r i t e s   and  a p a t i t e s .   When  mining  s l a t e s   or  shales   c o n t a i n i n g  

kerogen,   it   would  also  seem  n e c e s s a r y   to  s e p a r a t e   the  uranium  p r e s e n t  

t h e r e i n .   Gran i te   also  c o n t a i n s   uranium.  Moreover,  uranium  is  a  v a l u a b l e  

crude  product   for  the  manufac tu re   of  e n e r g y .  

Thus,  the  removal  of  r a d i o a c t i v e   components  from  a  long  l i s t   of  m a t e -  

r i a l s   is  h ighly   d e s i r a b l e ,   i t   being  of  p a r t i c u l a r   i n t e r e s t   to  remove 

uranium,  which  is  one  of  the  most  abundant   r a d i o a c t i v e   m a t e r i a l s   in  

na tu re .   It  has  now  been  found  tha t   such  p u r i f i c a t i o n   can  be  e f f e c t e d  

to  advantage  wi thout   removing  a luminium,  magnesium,  calcium  and  i r o n  

from  the  s u b s t a n c e s   at  the  same  time.  This  enables   the  method  t o  

be  used  on  a  commercial  s c a l e ,   for  p u r i f y i n g   subs t ances   c o n t a i n i n g  

said  metals   in  l a rge   q u a n t i t i e s .   The  method  can  also  be  used  to  a d -  

vantage  on  those  s u b s t a n c e s   which  con ta in   phosphorus ,   carbon  and 

su lphur ,   and  p a r t i c u l a r l y   k e r o g e n - c o n t a i n i n g   subs t ances   such  as  s l a t e s  

and  s h a l e s .  



Uranium  is  p r e s e n t   in  the  form  of  an  impur i ty   in  many  s u b s t a n c e s .  

Thus,  crude  phosphate   normally  con ta ins   from  200 -   400  grams  of  u r a -  

nium  per  t o n ; p h o s p h o r i t e   normally  con ta ins   from  100 -  1000  grams  o f  

uranium  per  ton;  a p a t i t e   normally  con ta ins   50 -  200  grams  of  u ran ium 

per  ton;  g r a n i t e   normally  con ta ins   0  -   100  grams  of  uranium  per  t o n ;  

and  s l a t e s   and  sha les   normally  conta in   50 -  1500  grams  of  u ran ium 

per  t o n .  

The  p r e s su re   l each ing   of  uranium  ores  for  removing  uranium  t h e r e -  

from  with  c a rbona t e   s o l u t i o n s   is  g e n e r a l l y   known.  It  has  now  been 

found  p o s s i b l e   to  use  this   t echn ique   for  the  purpose  of  r emoving  

uranium  from  o the r   m a t e r i a l s ,   a  s u r p r i s i n g l y   good  and  s e l e c t i v e   p u r i -  

fying  r e s u l t   being  o b t a i n e d .  

It  has  also  s u r p r i s i n g l y   been  found  p o s s i b l e   to  e f f e c t   the  p u r i f y i n g  

of  such  s u b s t a n c e s   by  ca rbona te   l each ing   p rocesses   with  a  c o n s i d e r -  

ably  higher   y i e l d   than  that   ob ta ined   when  using  acid  l each ing   p r o -  

ce s se s ,   which  was  not  p r e v i o u s l y   supposed.   P u r i f i c a t i o n   of  s u b s t a n c e s  

in  accordance   with  the  inven t ion   has  been  found  to  give  a  s u b s t a n t -  

i a l l y   b e t t e r   r e s u l t   during  a  24  hours  l each ing   time  than  a  seven  day 

leaching   time  using  conven t iona l   s u l p h u r i c   acid  l each ing   p r o c e s s e s .  
A  s u l p h u r i c   acid  l each ing   process  at  the  same  t e m p e r a t u r e   and  p r e s s u r e  

as  with  the  p r e s e n t   i n v e n t i o n ,   provides   a  much  poorer  r e s u l t .  

It  has  p r e v i o u s l y   been  presumed  tha t   when  l each ing   with  an  a l k a l i n e  

s o l u t i o n ,   the  m a t e r i a l s   must  be  ground  to  a  much  h igher   degree  o f  

f i n e n e s s ,   which  would  render   the  process   much  more  expens ive   than  an  
acid  l each ing   process   (Erzmetal l   30  (1977)  page  147).  It  has  been 

found,  however,  t ha t   ex t remely   good  r e s u l t s   are  ob ta ined   with  m a t e -  

r i a l s   which  are  ground  to  a  l e s s e r   degree  of  f i n e n e s s   than  tha t   p r e -  
v ious ly   c o n s i d e r e d   n e c e s s a r y .  

As  a  r e s u l t   of  the  s e l e c t i v i t y   of  the  method  when  l e ach ing   u ran ium 

from  u r a n i u m - c o n t a i n i n g   s u b s t a n c e s ,   impor t an t   advan tages   are  g a i n e d  
in  the  form  of  low  r eagen t   consumption  and  a  lowering  in  the  p e r c e n t -  

age  of  metals   l o s t .   An  acid  l each ing   process   is  not  s e l e c t i v e   in  t h i s  

r e s p e c t .  



The  method  according   to  the  i nven t ion   is  s u i t a b l y   e f f e c t e d   by  wet  

g r ind ing   the  s u b s t a n c e ,   o p t i o n a l l y   w h i l s t   adding  an  ox idan t   to  t h e  

l each ing   l i q u i d ,   in  a  mi l l ,   such  as  a  ball  or  rod  m i l l .   The  s u s p e n -  
sion  ob ta ined   is  then  t r a n s f e r r e d   to  an  a u t o c l a v e ,   s u i t a b l y   a  t u b e  

r e a c t o r   vessel,  by  means  of  a  pump.  The  suspens ion   is  t r e a t e d   in  t h e  

a u t o c l a v e   for  a  s u f f i c i e n t   period  of  time  in  the  presence  of  an  o x i -  

dant ,   normally  from  0.25  to  24  hours ,   at  a  p r e s s u r e   of  0 . 2 -2 .0   MPa, 

w h e r e a f t e r   the  l each ing   l i qu id   is  s e p a r a t e d   from  the  leaching   r e -  

s i d u e s .   The  l each ing   r e s idues   can  then  be  used  as  a  p u r i f i e d   c r u d e  

ma te r i a l   for  d i f f e r e n t   p r o c e s s e s ,   such  as  the  manufac ture   of  f e r -  

t i l i z e r s   and  the  recovery   of  va luab le   p roducts   p re sen t   in  the  s u b -  

s t a n c e s .   When  using  a  tube  r e a c t o r   v e s s e l ,   the  r e a c t o r   is  s u i t a b l y  

cooled  by  lowering  the  p re s su re   s t epwise   w h i l s t ,   at  the  same  t i m e ,  

u t i l i z i n g   the  heat  con ten t   of  the  su spens ion   to  heat  the  input  ma te -  

r ia l   to  the  r e a c t o r .  

The  suspens ion   is  c o n v e n i e n t l y   t h i ckened   by  s e d i m e n t a t i o n   or  s e p a r a -  

t i o n ,   and  is  f i n a l l y   f i l t e r e d   through  a  s u i t a b l e   f i l t e r ,   such  as  a 

drum  f i l t e r ,   a  disc  f i l t e r   or  band  f i l t e r .   The  leached  uranium  i s  

then  removed  from  the  l eaching   l i q u i d ,   for  example  by  p r e c i p i t a t i n g  

with  an  a l k a l i   in  accordance   with  the  f o r m u l a :  

Another  method  is  to  u t i l i z e   the  ion  exchange  r e a c t i o n   of,  for  e x -  

ample,  a  c a t i o n   exchanger .   Hexavalent   uranium,  UO3,  forms  in  a 
ca rbona te   ion  envi ronment   the  complex  ions  U02(C03)3+.  The  uranium 

p r e c i p i t a t e d   out  can  then  be  used  in  a  known  manne r .  

F u r t h e r ,   i t   is  neces sa ry   to  main ta in   an  o x i d a t i o n   p o t e n t i a l   o f  

0.3-1  V,  which  as  p r e v i o u s l y   mentioned  is  c o n v e n i e n t l y   e f f e c t e d   by 

supply ing   oxygen  under  p r e s su re   so  as  to  ob ta in   a  p a r t i a l   p r e s s u r e  
of  oxygen  of  0 . 1 - 0 . 6   MPa.  It  is  also  p o s s i b l e   to  add  o ther   o x i d a n t s ,  

such  as  pe rox ides   and  the  l i k e .  

In  order   to  ob ta in   a  s a t i s f a c t o r y   l e ach ing   y i e l d   in  r e spec t   o f  



uranium,  the  t empera tu re   should  be  between  120-180°C.  This  t e m p e r a -  

ture  is  ob ta ined   by  supply ing   heat  to  the  r e a c t o r   v e s s e l ,   and  t h e  

t empera tu re   is  s u i t a b l y   r e g u l a t e d   by  m a i n t a i n i n g   a  t o t a l   p r e s s u r e   o f  

0 . 3 -2 .0   MPa  in  the  a u t o c l a v e .   It  is  necessa ry   tha t   the  pH  of  the  s u s -  

pension  upon  t e r m i n a t i o n   of  the  l eaching   process   is  in  excess  of  8 . 5 ,  

in  order  to  obta in   the  neces sa ry   s e l e c t i v e ,   and  beneath  about  1 0 . 5 ,  

to  prevent   the  p r e c i p i t a t i o n   of  u r a n a t e s .  

The  advantages   a f f o r d e d   by  the  method  of  the  p resen t   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   with  r e f e r e n c e   to  two  e x a m p l e s .  

Example  1 

Tests  were  c a r r i e d   out  to  remove  uranium  from  sca les   by  s e l e c t i v e ,  

a l k a l i n e   ca rbona te   l e a c h i n g .  

The  crushed  sca le   was  comminuted  to  K80 =  30 µm  in  a  wet  g r i n d i n g   r od  

mill  with  50%  s o l i d s .   An  a u t o c l a v e   was  charged  with  the  d e w a t e r e d  

mate r ia l   with  a  dry  weight  of  400  g.  1200  ml  hot  water  and  r e a g e n s  

were  added.  During  hea t ing   of  the  charge  from  0°C  up  to  1500C,  oxygen 
with  a  p a r t i a l   p r e s s u r e   of  0.5  MPa  was  added .  

The  t e s t   r e s u l t s   and  the  metal  y i e l d s   ob ta ined   are  shown  in  t a b l e s   1 

and  2. 





It  appears  f r o m  t h e  t a b l e s   tha t   i t   is  p o s s i b l e   to  recover   u ran ium 

from  sca les   with  a  high  y ie ld   (87%)  and  wi thou t   any  s u b s t a n t i a l   d i s -  

s o l u t i o n   of  o ther   metals .Compared  to  o the r   leach  t r e a t m e n t s  

(A,  B,  D,  E,  F)  the  a l k a l i n e   ca rbona te   l each ing   (C)  is  ex t remely   s e l e c t i v e .  

Example  2 

Tests  were  c a r r i e d   out  to  remove  uranium  from  phosphate   rock  by 

s e l e c t i v e   a l k a l i n e   ca rbona te   l e a c h i n g .  

The  phosphate  rock  was  crushed  and  comminuted  to  a  grain  s ize   --  1.0  mm 

and  charged  into  a  Parr  Mini  r e a c t o r   t o g e t h e r   with  an  a l k a l i   s o l u t i o n .  

Oxygen  was  added,  during  hea t ing   up  to  150°C,  with  a  t o t a l   p r e s s u r e  
of  1.2  MPa. 

The  t e s t   r e s u l t s   and  the  metal  y i e l d s   ob ta ined   are  shown  in  t ab l e s   1 

and  2. 



It  appears   from  the  t a b l e s  t h a t   the  method  makes  it  p o s s i b l e   to  d i s -  

solve  uranium  from  phosphate  rock  with  only  minor  d i s s o l u t i o n   o f  

o ther   e l e m e n t s .  

The  uranium  y i e ld   was  not  s u f f i c i e n t , a t   l e a s t   not  for  i n d u s t r i a l  

a p p l i c a t i o n , b u t   it  c a n  r e a d i l y   be  improved  by  f u r t h e r   comminuting  o f  

the  rock  and  by  op t imiz ing   the  physical   and  chemical  c o n d i t i o n s   o f  

the  method,  e .g.   by  p ro long ing   of  the  leaching   t i m e .  



1.  A  method  of  p u r i f y i n g   u r a n i u m - c o n t a i n i n g   subs tances   c o n t a i n i n g  

compounds  of  one  or  more  of  the  metals   aluminium,  magnesium,  c a l c i u m  

and  iron  by  removing  the  uranium  from  said  s u b s t a n c e s ,   said  p u r i f i -  

ca t ion   being  e f f e c t e d   by  s e l e c t i v e ,   a l k a l i n e   ca rbona te   l e a c h i n g  

of  the  uranium,  wherein  the  subs t ance   is  f i n e l y   divided  and  s l u r r i e d  

in  an  aqueous  s o l u t i o n   c o n t a i n i n g   0 . 3 - 1 . 5   mole/l   of  ca rbona te   i o n s  

and  having  an  o x i d a t i o n   p o t e n t i a l   of  0.3-1  V,  and  where in ,   s u b -  

sequent   to  the  l each ing   process   the  l each ing   l i qu id   has  a  pH  o f  

between  8.5  and  10.5  at  a  p r e s s u r e   of  0.2  to  2.0  MPa. 

2.  A  method  accord ing   to  claim  1,  wherein  the  subs tance   is  f i n e l y  

d iv ided  by  w e t - g r i n d i n g ,   and  wherein  the  l each ing   s o l u t i o n   is  used  

as  the  g r ind ing   l i q u i d .  

3.  A  method  accord ing   to  claim  1,  wherein  l each ing   is  e f f e c t e d   in  a 

tube  r e a c t o r   vessel   in  which  the  subs t ance   is  s l u r r i e d   in  l e a c h i n g  

l i q u i d   at  a  t empera tu re   of  120 -180°C .  

4.  A  method  accord ing   to  claim  1,  wherein  l each ing   is  e f f e c t e d   a t  

a  p a r t i a l   p re s su re   of  oxygen  of  0 . 1 - 0 . 6   MPa. 

5.  A  method  accord ing   to  claim  3,  wherein  the  p re s su re   in  the  t u b e  

r e a c t o r   vessel   is  lowered  s t epwi se   during  a  heat  exchange  be tween  

the  outgoing  suspens ion   and  the  su spens ion   incoming  to  the  tube  r e -  

ac to r   v e s s e l .  
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