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ABSTRACT 

A p r o c e s s  f o r  r e c o v e r i n g  uran ium from c a r b o n a t e  l e a c h  
l i q u o r s  by e x t r a c t i o n  w i t h  q u a t e r n a r y  ammonium compounds w a s  
d e v e l o p e d  and e v a l u a t e d  i n  b e n c h - s c a l e  c o n t i n u o u s  e q u i p m e n t  
w i t h  s y n t h e t i c  l i q u o r s .  Uranium w a s  r e c o v e r e d  f rom t h e  
s o l v e n t  by  d i r e c t  p r e c i p i t a t i o n  w i t h  sodium hydroxide-sodium 
c a r b o n a t e  s o l u t i o n .  R e s u l t s  w i t h  r e l a t i v e l y  p u r e  s y n t h e t i c  
c a r b o n a t e  l i q u o r s  w e r e  f a v o r a b l e ,  b u t  a t t e m p t s  t o  t r ea t  a 
h i g h l y  c o n t a m i n a t e d  l e a c h  l i q u o r  from a w e s t e r n  m i l l  were 
r e l a t i v e l y  u n s u c c e s s f u l  owing t o  i n t e r f e r e n c e  from s u l f a t e ,  
c h l o r i d e ,  t h i o c y a n a t e ,  molybdenum, vanadium,  and  o r g a n i c  
matter p r e s e n t .  The. p r o c e s s  is t h e r e f o r e  n o t  c o n s i d e r e d  
c o m p e t i t i v e  w i t h  t h e  p r e c i p i t a t i o n  p r o c e s s  u s e d  i n  s e v e r a l  
w e s t e r n  c a r b o n a t e - l e a c h  m i l l s .  
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1 . 6  SUMMARY 

Of 1 5  q u a t e r n a r y  ammonium compounds t e s t e d ,  o n l y  Q u a t e r n a r y  
B-104 a n d  A l i q u a t  3 3 6  h a d  b o t h  a d e q u a t e  e x t r a c t i o n  power and  
r e a s o n a b l e  p h a s e  s e p a r a t i o n  p r o p e r t i e s .  The uran ium e x t r a c -  
t i o n  power  w a s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  q u a t e r n a r y  concen -  
t r a t i o n ,  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  s q u a r e  o f  t h e  c a r b o n a t e  
c o n c e n t r a t i o n ,  a n d  almost i n d e p e n d e n t  o f  t h e  c a r b o n a t e / b i c a r b o n -  
a t e  r a t i o  i n  t h e  a q u e o u s  p h a s e .  Uranium e x t r a c t i o n  w a s  
d e p r e s s e d  s l i g h t l y  by i n c r e a s i n g  t h e  t e m p e r a t u r e  f rom 2 7  t o  
50°C a n d  s e v e r e l y  by a d d i n g  small amounts  o f  n i t r a t e  o r  c h l o r i d e  
t o  t h e  s y s t e m .  I n t e r f e r e n c e  f rom s u l f a t e  w a s  much weake r .  
A d d i t i o n  o f  t r i d e c a n o l  t o  t h e  k e r o s e n e  d i l u e n t  d r a m a t i c a l l y  
improved  p h a s e  s e p a r a t i o n  and  u ran ium e x t r a c t i o n  power .  With 
A l i q u a t  3 3 6  i n  k e r o s e n e ,  r e s u l t s  were optimum w i t h  a t r i -  
d e c a n o l / q u a t e r n a r y  mo le  r a t i o  o f  -5. Both  vanadium and  molyb- 
denum were e x t r a c t e d  r e l a t i v e l y  s t r o n g l y  and  were r e p l a c e d  by 
u r a n i u m  o n l y  w i t h  d i f f i c u l t y .  S e l e c t i v i t y  f o r  u r an ium o v e r  
vanadium w a s  improved  by i n c r e a s i n g  t h e  a q u e o u s  pH. 

Uranium w a s  s t r i p p e d  from t h e  s o l v e n t  e x t r e m e l y  e f f e c t i v e l y  
w i t h  n e u t r a l  n i t r a t e . . o r  c h t o r i d e  - s o l - u t i o n ,  b u t  . r e c o n v e r s i o n  
o f  t h e  q u a t e r n a r y  s a l t  t o  t h e  c a r b o n a t e  form f o r  r e c y c l e  w a s  

. . ,. .. ' d i f f i c u l t  . B a s i c .  s t r i p p i n g  . a g e n t s  showed more p r o m i s e ,  b e s t  
' ~ e s u l t s  b e i n g  o b t a i n e d  w i t h  sodium- hydroxide-sodium c a r b o n a t e  

, . s o l u t i o n s ,  which  p r e c i p i t a t e d  t h e  uran ium d i r e c t l y  f rom t h e  
, . s o l v e n t .  

I n  s e v e r a l  r u n s  w i t h  s y n t h e t i c  l i q u o r s  i n  c o n t i n u o u s  e q u i p -  
. .  .,.. ment  , . u s i n g  A l i q u a t  3 3 6  as t h e  e x t r a c t a n t  . and  0 . 5 - 1  M NaOH- 
, ;i: , . .+ "'0.5 M Na,C03 s o l u t i o n  f o r  s t r i p p i n g ,  p h y s i c a l  p e r f o r m a n c e  i n  .. ::: 

. . .bo th  t h e  e x t r a c t f o n  and .  s t r i p p . i n g  c i r c u i t s  w a s  . s a . t i s f a c t o r y  b u t  
s - e p a r a t  i o n  from vanadium w a s  n o t  a d e q u a t e .  con&umpt i o n  o f  
c a u s t i c  f o r  t h e  s t r i p p i n g - p r e c i p i t a t i o n  s t e p  w a s  - 0 . 7  l b  p e r  
pound  o f .  U 3  o8 r e c o v e r e d .  

B a t c h  e x t r a c t i o n s , f r o m  a c a r b o n a t e  l i q u o r  r e c e i v e d  f rom a 
w e s t e r n  m i l l  were r e l a t i v e l y  u n s u c c e s s f u l  owing t o  i n t e r f e r e n c e  
f rom s u l f a t e ,  c h l o r i d e ,  t h i o c y a n a t e ,  molybdenum, vanad ium,  and 
o r g a n i c  matter i n  t h e  l i q u o r .  Because  o f  t h e  d i f f i c u l t i e s  i n  
t h e  b a t c h  tests ,  t h i s  l i q u o r  w a s  n o t  p r o c e s s e d  i n  c o n t i n u o u s  
e q u i p m e n t .  

\ A l t h o u g h  i n t e r f e r e n c e  by c o n t a m i n a n t s  w i t h  t h e  e x t r a c t i o n  
p r o c e s s  c a n  be c o n t r o l l e d  t o  some e x t e n t  by a d j u s t m e n t  o f  
c o n d i t i o n s  f o r  t h e  o r e  l e a c h i n g  and  s o l v e n t  e x t r a c t i o n  
o p e r a t i o n s  and by a d d i t i o n  o f  e x t r a  p r o c e s s i n g  s t e p s ,  it w a s  
c o n c l u d e d  t h a t  t h e  q u a t e r n a r y  s o l v e n t  e x t r a c t i o n  p r o c e s s  f o r  
t r e a t i n g  ore c a r b o n a t e  l i q u o r s  shows l i t t l e  p r o m i s e  o f  becoming 
c o m p e t i t i v e  w i t h  t h e  c a u s t i c  p r e c i p i t a t i o n  p r o c e s s  c u r r e n t l y  
u s e d  i n  w e s t e r n  u ran ium m i l l s .  



2 . 0  INTRODUCTION 

T h i s  r e p o r t  d e s c r i b e s  deve lopmen t  o f  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  f o r  r e c o v e r i n g  uran ium from o r e  c a r b o n a t e  l e a c h  l i q u o r s  
w i t h  q u a t e r n a r y  ammonium compounds as e x t r a c t a n t s .  

I n  t h e  c a r b o n a t e  l e a c h - c a u s t i c  p r e c i p i t a t i o n  p r o c e s s  
( F i g .  2 . 1 ) ,  which is u s e d  i n  s e v e r a l  m i l l s  i n  t h e  w e s t e r n  
U n i t e d  S t a t e s  f o r  t r e a t i n g  uran ium o r e s ,  t h e  o r e  is l e a c h e d  a t  
e , l e v a t e d  t e m p e r a t u r e s  w i t h  sodium ca rbona te - sod ium b i c a r b o n a t e  
s o l u t i o n .  The p r e g n a n t  l i q u o r  is f i l t e r e d  from t h e  r e s i d u e  and  
t rea ted  w i t h  e x c e s s  c a u s t i c  t o  p r e c i p i t a t e  sodium p o l y u r a n a t e .  
The p r e c i p i t a t i o n  f i l t r a t e  is r e c a r b o n a t e d  and  r e c y c l e d ,  by way 
o f  t h e  f i l t r a t i o n - w a s h  c i r c u i t ,  t o  t h e  l e a c h i n g  s t e p .  The 
p r e c i p i t a t i o n  and  r e c a r b o n a t i o n  s t e p s  c o u l d  be e l i m i n a t e d  by 
t h e  u s e  o f  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 .  
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F i g .  2 . 1 .  C a r b o n a t e  l e a c h - - c a u s t i c  p r e c i p i t a t i o n  p r o c e s s  
f o r  u ran ium o r e s .  



From t h e  o u t s e t  o f  t h e  s o l v e n t  e x t r a c t i o n  s t u d i e s  i t  w a s  
e v i d e n t  t h a t  t h e  p o t e n t i a l  g a i n  i n  s u b s t i t u t i n g  s o l v e n t  
e x t r a c t i o n  f o r  p r e c i p i t a t i o n  i n  t h e  c a r b o n a t e  l e a c h  p r o c e s s  w a s  
much less t h a n  i n  t h e  a c i d  l e a c h  p r o c e s s  f o r  u r an ium.  However,  
t h e  c a u s t i c  p r e c i p i t a t i o n  method f o r  t r e a t i n g  c a r b o n a t e  
l i q u o r s ,  a l t h o u g h  g e n e r a l l y  s u c c e s s f u l ,  d o e s  have  some d i s -  
a d v a n t a g e s .  F o r  e x a m p l e ,  s e p a r a t i o n  f rom vanadium i n  t h e  
p r e c i p i t a t i o n  s t e p  is p o o r  and f u r t h e r  t r e a t m e n t  o f  t h e  p r e c i p -  
i t a t e  is o f t e n  r e q u i r e d  t o  meet vanadium s p e c i f i c a t i o n s  f o r  
u r a n i u m  c o n c e n t r a t e s .  I n  a d d i t i o n ,  a c c u m u l a t i o n  o f  d i s s o l v e d  
o r g a n i c  matter i n  t h e  r e c y c l e d  c a r b o n a t e  l i q u o r  p r e v e n t s  
c o m p l e t e  p r e c i p i t a t i o n  o f  u r a n i u m ,  r e s u l t i n g  i n  some uran ium 
l o s s  when t h e  p r e c i p i t a t i o n  f i l t r a t e  is r e c y c l e d  t o  t h e  f i l t r a -  
t i o n - w a s h  c i r c u i t .  C o n s e q u e n t l y ,  i t  a p p e a r e d  t h a t ,  i f  a s i m p l e ,  
e c o n o m i c a l  s o l v e n t  e x t r a c t i o n  f l o w s h e e t  c o u l d  b e  d e v i s e d  which  
c i r c u m v e n t e d  t h e s e  p r o b l e m s ,  some economic  a d v a n t a g e  c o u l d  b e  
r e a l i z e d .  

A l though  some o f  t h e  q u a t e r n a r y  ammonium compounds 
e x a m i n e d  i n i t i a l l y 1  2 e x t r a c t e d  u r a n i u m ,  p r o c e s s  s t u d i e s  w i t h  
t h e s e -  compounds were i m p o s s i b l e  owing . t o  t h e i r  e x c e p t i o n a l l y  

', Y. >. 4 ' 

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

.l,i.. : :.;.:. - i v i t h  p r a c t i c a b l e  d , i l u e n t s .  A f t e r  som,e t i m e ,  .an e x p e r i m e n t a l  
;;> y';;: . ..;, .. ;ompound .... ( Q u a t e r n a r y  B-104) w a s  o b t a i n e d  which  h a d  s u f f i c i e n t l y  
;,<. ' ' 

':'. . 
-;.:..; ,: . .  . .  . T a v o r a b l e  . p h a s e  s e p a r a t i o n  p r o p e r t i e s  . t o  p e r m i t  e v a l u a t i o n 3  fl 

. :. .,. , 
. . : o f  t h e  e f f e c t s  o f  numerous  e x t r a c t i o n  v a r i a b l e s  and  b r i e f  
, 8 ,  . . . e x a m i n a t i o n  o f  t h e  s t r i p p i n g  c y c l e .  S t i l l  l a t e r ,  a commerc i a l  
,. % .  omp pound ( A l i q u . a t  336). w i t h  good p h a s e  s e p a r a t i o n  p r o p e r t i e s  

. 8 .  . 
i 

. i . . .  ,- .. :::;:; ..? ) was o b t a i n e d  a n d  p r o c e s s  s t u d i e s 5  J were .comp. le ted  w i t h  t h i s  
' .( 

. ,.. . .. ?:rir. ..,.i.. @ompound. A f t e r '  b a t c h  e x a m i n a t i o n  o f  t h e .  e x t r a c t i o n  and  
,:i - s t r . i p p i n g  c y c l e s ,  a 3 . p r o c e s s  w a s  : d e m o n s t r a t e d  . i n  c o n t . i n u o u s  i , :. .c, 2t 
;::.- c o u n t e r c u r r e n t  e ,qu ipment  w i t h  s y n t h e t i c  . c a r b o n a t e  l e a c h .  l i q u o r s  

and w a s  e v a l u a t e d  i n  b a t c h  tests w i t h  a n  a c t u a l  l e a c h  l i q u o r  
from a w e s t e r n  m i l l .  T h i s  r e p o r t  summar i ze s  d a t a  o b  a i n e d  i n  
t h e  c o u r s e  o f  t h i s  work ,  i n c l u d i n g  d a t a  p r e v i o u s l y 2 - i  r e p o r t e d .  
I n f o r m a t i o n .  on  t h e  s t r u c t u r e  a n d  s o u r c e  o f  s u p p l y  o f  t h e  q u a t e r -  
n a r y  ammonium compoun.ds s t u d i e d  is g i v e n  i n  S e c .  3 . 0  and  t h e  
Append ix .  

The a u t h o r s  are i n d e b t e d  t o  J o h n  G .  Moore who p e r f o r m e d  
many o f  t h e  i n i t i a l  e x t r a c t i o n  t es t s .  

3 . 0  EXPERIMENTAL MATERIALS AND TECHN IQUES 

E x c e p t  f o r  t h e  p r e l i m i n a r y  e x t r a c t i o n  tests d e s c r i b e d  i n  
S e c .  4 . l a ,  a l l  t e s t s  were made w i t h  Q u a t e r n a r y  B-104 o r  A l i q u a t  
336 as t h e  e x t r a c t a n t  a n d  k e r o s e n e  o r  Amsco G ( h i g h - b o i l i n g  
a r o m a t i c  p e t r o l e u m  p r o d u c t )  as d i l u e n t .  A d i l u e n t  m o d i f i e r ,  
u s u a l l y  t r i d e c a n o l  (TDA), w a s  added  i n  mos t  t e s t s  t o  p r e v e n t  
t h i r d - p h a s e  f o r m a t i o n  o r  t o  improve  p h a s e  s e p a r a t i o n ,  which w a s  
e x t r e m e l y  s l u g g i s h  w i t h  no m o d i f i e r  p r e s e n t .  



Q u a t e r n a r y  B-104 (dimethyldidodecenylammonium c h l o r i d e ) ,  a n  
e x p e r i m e n t a l  compound from Rohm and H a a s ,  w a s  s u p p l i e d  as a 65% 
s o l u t i o n  i n  i s o p r o p y l  a l c o h o l .  A l i q u a t  336 ( m e t h y l t r i a l k y l -  
ammonium c h l o r i d e ,  a l k y l  g r o u p s  b e i n g  mixed g - o c t y l  a n d  g - d e c y l ) ,  
which is now c o m m e r c i a l l y  a v a i l a b l e  f rom G e n e r a l  M i l l s ,  w a s  
r e c e i v e d  as a 75% a c t i v e  s o l u t i o n .  Excep t  f o r  t h e  tes ts  
d e s c r i b e d  i n  S e c .  4 . l a ,  t h e  d i l u t e d  s o l u t i o n s  o f  t h e  q u a t e r n a r i e s  
were s c r u b b e d  w i t h  0 . 5  M Na,CO, s o l u t i o n  p r i o r  t o  u s e  i n  o r d e r  
t o  remove a q u e o u s - s o l u b l e  i m p u r i t i e s  f rom t h e  s o l v e n t  which 
m i g h t  i n f l u e n c e  e x t r a c t i o n  r e s u l t s ,  and  t o  c o n v e r t  t h e  q u a t e r n a r y  
t o  t h e  c a r b o n a t e  s a l t  fo rm.  The s o l v e n t  w a s  s c r u b b e d  u n t i l  
e s s e n t i a l l y  no c h l o r i d e  c o u l d  be  d e t e c t e d  i n  t h e  aqueous  p h a s e ,  
t h i s  u s u a l l y  r e q u i r i n g  "10 c o n t a c t s  a t  a n  a q u e o u s / o r g a n i c  p h a s e  
r a t i o  o f  1/1 f o r  A l i q u a t  336. From d a t a  o b t a i n e d  i n  s c r u b b i n g  
t h i s  compound, t h e  r a t i o  o f  d i s t r i b u t i o n  c o e f f i c i e n t s ,  c h l o r i d e /  
c a r b o n a t e ,  w a s  e s t i m a t e d  t o  be -35. 

Two methods were u s e d  t o  d e t e r m i n e  t h e  e x t r a c t a n t  concen-  
t r a t i o n :  ( 1 )  c o m p l e t e  c o n v e r s i o n  t o  t h e  c h l o r i d e  s a l t  by 
c o n t a c t i n g  w i t h  s u c c e s s i v e  volumes o f  0 .5  M HC1 o r  0 . 5  M HC1- 
0 . 5  M N a C 1 ,  f o l l o w e d  by s t r i p p i n g  w i t h  1 g HNO, and  a n a l y s i s  
o f  t h e  s t r i p p e d  c h l o r i d e ,  and  ( 2 )  d i r e c t  p o t e n t i o m e t r i c  
t i t r a t i o n  o f  a sample  ( i n  c h l o r i d e  o r  n i t r a t e  s a l t  fo rm)  d i s -  
s o l v e d  i n  c h l o r o f o r m  w i t h  a s t a n d a r d  s o l u t i o n  o f  p e r c h l o r i c  ' a c i d  
i n  d i o x a n e .  Agreement be tween t h e  two methods o f  a n a l y s i s  w a s  
good.  

The aqueous  s o l u t i o n s  s t u d i e d  i n  t h e  e x t r a c t i o n  tes ts  were 
s y n t h e t i c  l e a c h  l i q u o r s ,  a n  a c t u a l  l e a c h  l i q u o r  from a n  o p e r a t i n g  
m i l l ,  and  "pure"  s o l u t i o n s  o f  i n d i v i d u a l  metals. Compos i t ions  
o f  t h e  s o l u t i o n s  u s e d  i n  e a c h  s e t  o f  e x p e r i m e n t s  are g i v e n  w i t h  
t h e  e x p e r i m c n t a l  d a t a .  

B a t c h  e x t r a c t i o n  tests were made by c o n t a c t i n g  t h e  o r g a n i c  
and  aqueous  p h a s e s  i n  s e p a r a t o r y  f u n n e l s ,  v i g o r o u s  a g i t a t i o n  
b e i n g  s u p p l i e d  by a B u r r e l l  w r i s t - a c t i o n  s h a k e r .  C o n t i n u o u s  
c o u n t e r c u r r e n t  e x t r a c t i o n  tes ts  were made i n  b e n c h - s c a l e  m i x e r -  
s e t t l e r s .  D e s c r i p t i o n  o f  , t h e  c v n t i n u o u s  equ ipmen t  is g i v e n  i n  
t h e  Appendix.  

4 . 0  EXTRACTION FROM CARBONATE SOLUTIONS 

The c h e m i c a l  b e h a v i o r  o f '  t h e  p r i m a r y ,  s e c o n d a r y ,  and  
t e r t i a r y  a m i n e s ,  which are u s e f u l  e x t r a c t a n t s  from a c i d  s o l u t i o n s  
(Amex p r o c e s s 1 , 7 , 8 )  b u t  i n e f f e c t i v e  e x t r a c t a n t s  f rom b a s i c  s o l u -  
t i o n s ,  is a n a l o g o u s  t o  t h a t  o f  weak-base a n i o n  exchange  r e s i n s .  
S i m i l a r l y ,  t h e r e  a p p e a r s  t o  b e  a c l o s e  a n a l o g y  be tween extrac- 
t i o n  w i t h  q u a t e r n a r y  ammonium compounds and  s o r p t i o n  by s t r o n g -  
b a s e  a n i o n  exchange  r e s i n s .  E x t r a c t i o n  o f  uran ium from c a r b o n a t e  
l i q u o r s  c a n  be  r e p r e s e n t e d  as a n  a n i o n  exchange  r e a c t i o n ,  t h e  
u r a n y l  t r i c a r b o n a t e  complex a n i o n  d i s p l a c i n g  c a r b o n a t e  ( o r  



c h l o r i d e  i f  t h e  q u a t e r n a r y  is i n i t i a l l y  i n  t h e  c h l o r i d e  fo rm)  
f rom t h e  s o l v e n t  p h a s e :  

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

4 . 1  Uranium 

a.  P r e l i m i n a r y  T e s t s .  I n  e x t r a c t i o n s  from 0 .5  M sodium 
c a r b o n a t e  s o l u t . i o n  w i t h  1 4  d i f f e r e n t  q u a t e r n a r y  ammonium 
compounds i n  c h l o r o f o r m  and  benzene  d i l u e n t s ,  o n l y  Q u a t e r n a r y  
B-10'4 a n d  A l i q u a t  3 3 6  showed b o t h  s i g n i f i c a n t  uran ium e x t r a c t i o n  
power a n d  r e a s o n a b l e  p h a s e  s e p a r a t i o n  p r o p e r t i e s  (Tab le  4 . 1 ) .  

. R e s u l t s  w e r e  be t ter  i n  c h l o r o f o r m  t h a n  i n  benzene  d i l u e n t  f o r  
some compounds b u t  p o o r e r  f o r  o t h e r s .  A l l  t h e  compounds were 
i n  t h e  form o f  t h e  h a l i d e  s a l t  when r e c e i v e d  and w e r e  u s e d  as 
s u c h  i n  t h e  f i r s t  t e s t s .  S i n c e ,  analogous t o  i o n  exchange  r e s i n s ,  
t h e  q u a t e r n a r y  e x t r a c t a n t s  have  a s t r o n g  a f f i n i t y  f o r  c h l o r i d e ,  

: t h e  e x t r a c t i o n s  were u n d o u b t e d l y  a f f e c t e d  a d v e r s e l y  by t h e  
:<. . . < .  ' 
..: . . , 

.;.:' . . . . p r e s e n c e  o f  c h l o r i d e  (Sec .  4. l g ) .  On t h e  a s s u m p t i o n  t h a t  . i n t e r - ,  
'.;' ." : f i  f : e r ence  from s u l f a t e  wou1d:be less ,  most  o f .  t h e  tes ts  were 
.:,. . . ,,, . '? 

. . .  ' . . 
,. ; '. 

(:: r e p e a t e d  w i t h  t h e  q u a t e r n a r y  c o n v e r t e d  t o  t h e  s u l f a t e  f o r m ,  b u t  
'",: ..; 

). _ i  _ _ t h i s  improved r e s u l t s  o n l y  s l . i g h t l y .  The s o l u b i l i t y  of  many o f  
?.' ',.. . . . . . .  . 
O . .' ,. t h e  compounds i n  benzene  d i l u e n t  w a s  l i m i t e d ,  and  s a t u r a t e d  ,. - :.:,. . .: . r s o l u t i o n s  were u s e d  . i n  a l l  cases where l i m i t e d .  s o l u b i l i t y  p r e -  

. . 
. . .. . 

n. r . .,-?. v e n t e d  p r e p a r a t i o n  o f  - 0 . 1  M s o l u t i o n s .  The amount o f  r e a g e n t  
. .. 

,. .I . . . ,. .. . . . .- ;<.j 1.p t h e  o r g a n i c  s o l v e n t ,  w a s  . d e t e r m i n e d  by e v a p o r a t i n g  a known 
*,  . . 
.: .' s'. ;;: . volume t o  a c o n s t a n t  w e i g h t .  T h i s  method w a s  a l s o  . u s e d  t o  

.:;. obtain a n .  i n d k c a t i o n  o f  t h e  amount o f  - r e a g e n t  r e m a i n i n g  i n  t h e  
' s o l v e n t  a f t e r  c o n t a c t  w i t h  t h e  aqueous  l i q u o r .  

One o t h e r  q u a t e r n a r y  (N-benzyl-N-N-dimethyl-l-undecyldodecyl- 
ammonium c h l o r i d e ) ,  which  w a s  r e c e i v e d  l a t e  i n  t h e  s t u d i e s ,  w a s  L. 
t e s t e d  as an  e x t r a c t a n t  b u t  o n l y  a f t e r  c o n v e r s i o n  t o  t h e  c a r b o n -  
ate fo rm.  A t  0 . 0 4  N c o n c e n t r a t i o n  i n  k e r o s e n e - t r i d e c a n o l  (TDA) 
d i l u e n t  i t  showed e x t r a c t i o n  power b u t  e x t r e m e l y  s l o w  
p h a s e  s e p a r a t i o n :  k 

Uranium Phase  
TDA Conc , Uranium A n a l y s i s ,  g / l i t e r  E x t r a c t i o n  S e p a r a t i o n  

v o l  70 O r g a n i c  Aqueous C o e f f i c i e n t  (E:) Time,  h r  

The above  e x t r a c t i o n s  were from 0 . 4  N a ,  C 0 3  -0 .1  M NaHCO, s o l u -  
t i o n  c o n t a i n i n g  2 g  o f  uran ium p e r  l i t e r  a t  a n  a q u e o u s / o r g a n i c  
p h a s e  r a t i o  o f  1/1. I n  b o t h  tes ts  t h e  e x t r a c t i o n  c o e f f i c i e n t s  
shown were s e v e r e l y  l i m i t e d  by n e a r  s a t u r a t i o n  o f  t h e  q u a t e r n a r y  
w i t h  u ran ium.  



T a b l e  4 . 1 .  E x t r a c t i o n  3f Uranium from C a r b o n a t e  S o l u t i o n  

Aqueous: "0.5  N a 2 * X 3  , "1 g o f  uran ium p e r  l i t e r  
Phase  r a t i o ,  a /o :  1/1 
C o n t a c t  t i m e :  5 min 

H a l i d e  S a l t  S u l f a t e  S a l t  
Ch lo ro f  o m  Benzene Chloroform Benzene 

I n l t .  I n i t .  ~ Reagent  Reagent  
Reagen t  Reagent  Conc. , Conc. , 
~ o n c .  , con;. , g / l i t e r  g j l i t e r  Phase  

compounda g / l i t e r  E: g / l i t e r  E I n i t .  F i n a l  E: I n i t .  F i n a l  E: Sepn.  

Q u a t e r n a r y  S 4 1 . 1  0 .03  39 .2  0 . 0 3  52 .4  40 .5  n i l  1 . 7  2 .2  n i l  Poor  

Q u a t e r n a r y  0 40 n i l  39 .6  0 .03  47 43  0 .17  1 . 7  2 . 9  n i l  Poor  

Q u a t e r n a r y  C  35 .5  n i l  38 .3  n i l  47 .9  1 8 . 2  n i l  1 . 3  I.. 8  n i l  F a i r  

Hyamine 10X 44 .7  2 . 9  1 . 4  0 .03  52.5 5 4 . 1  4 .5  1 . 8  0 . 9  n i l  Poor  

Hyamine 1622 42 .8  2 . 2  0 . 4  n i l  51 .6  4 9 . 1  3 . 1  0 . 6  1 . 2  n i l  P o o r  

T r i m e t h y l p h e n y l -  
ammonium 
c h l o r i d e  18 .2  n i l  . 0 n i l  . 1 . 6  1 . 8  n i l  0  1.1 n i l  - 
C e t y l d i m e t h y l -  
ethylammonium 
bromide  48 .4  n i l  1 9 . 5  n i l  56 .2  1 2 . 7  n i l  - 3 . 8  n i l  - 
C e t y l t r i m e t h y l -  
ammonium 
bromide  38.2 0 .26  1 . 7  0  42 .0  1 2 . 1  0 . 0 1  1 . 7  2 . 9  n i l  Poor  

C e t y l d i m e t h y l -  
benzy  lammonium T h i r d  
c h l o r i d e  38 .3  ' 1 . 3  35 .7  Phase  42 .8  42 .0  3 .5  4 0 . 2  5 . 4  0 .008  F a i r  

C e t y l p y r i d i n i u m  ' 

c h l o r i d e  34 .2  0 .002  5 . 5  0 .001  43 .8  6 . 8  n i l  4 . 6  4 .0  0 .002  Poor 

L a u r y l p y r i d i n i u m  
c h l o r i d e  27 .8  n i l  0 . 4  n i l  3 1 2.6 n i l  0 .6  1 . 0  n i l  F a i r  

T r i b u t y l l a u r y l -  
ammonium bromide  4 1 . 3  n i l  2 3 . 1  n i l  41 .6  28.9 n i l  2'3.3 1 9 . 0  n i l  Good 

b  Q u a t e r n a r y  B-104 -5,O 1 . 0  -5 0  2 .0  - - - - - - F a i r  
. . 

A l i q u a t  336 40 0 .2  40 ' . .  3'.3 ' .- .. . .  . - - - - - . , .  . . Good 
a 

S t r u c t u r e  and s o u r c e  o f  s u p p l y  f o r  e a c h  compound are l i s t e d  i n  t h e  Appendix. 

b ~ o e f  f  i c i e n t  was 4 . 3  i n  Amsco G ( h i g h - b o i l i n g  a r o m a t i c  p e t r o l e u m  p r o d u c t )  d i l u e n t .  



b. E f f e c t  o f  C a r b o n a t e  C o n c e n t r a t i o n .  A s  would be  
e x p e c t e d  from e q .  1, t h e  e x t r a c t i o n  c o e f f i c i e n t  f o r  uran ium 
w a s  a p p r o x i m a t e l y  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  s q u a r e  o f  t h e  
a q u e o u s  c a r b o n a t e  c o n c e n t r a t i o n  ( F i g .  4 . 1 ) .  These  e x t r a c t i o n s  
w e r e  f rom 0 .3 -1 .0  M N a ,  CO, w i t h  0 .1 .  N Q u a t e r n a r y  B-104 c a r b o n -  
ate i n  t h r e e  d i f f e r e n t  d i l u e n t s  ( k e r o s e n e  + 5 v o l  % TDA, Amsco 
G ,  a n d  Amsco G + 3  vo l '  % TDA) . C o n s i d e r a b l e  d i f f e r e n c e  i n  
u r a n i u m  e x t r a c t i o n  w i t h  t h e  d i f f e r e n t  d i l u e n t s  w a s  shown,  t h e  
h i g h e s t  c o e f f i c i e n t s  b e i n g  o b t a i n e d  w i t h  k e r o s e n e  + 5 v o l  '$I 
TDA a n d  t h e  l o w e s t  w i t h  Amsco G .  

UNCLASSIFIED 
ORNL-LR-DWG 56535 

A Amsco G + 3 vol % TDA 

0 Kerosene + 5 vol % TDA 

- 
- 
- 

- 

I I I I l l 1  

- - 
CO, I N  AQUEOUS, M 

F i g .  4 . 1 .  E f f e c t  o f  c a r b o n a t e  c o n c e n t r a t i o n  o n  e x t r a c t i o n  
o f  u ran ium from sodium c a r b o n a t e  s o l u t i o n  w i t h  0 . 1  N Q u a t e r n a r y  
B-104 c a r b o n a t e .  I n i t i a l  u ran ium i n  a q u e o u s ,  1 g / l i t e r ;  p h a s e  
r a t i o ,  l / l ;  . c o n t a c t  t i m e ,  5 min.  V a r i o u s  d i l u e n t s .  

( 



Phase  s e p a r a t i o n s  w e r e  e x t r e m e l y  s l o w  when t h e  sodium 
c a r b o n a t e  c o n c e n t r a t i o n  w a s  1 M. F o r  example ,  w i t h  Amsco G + 
3  v o l  % TDA (which gave  t h e  f a s t e s t  p h a s e  s e p a r a t i o n  o f  t h e  
d i l u e n t s  t e s t e d )  and  1 M N a 2  C 0 3  , t h e  p h a s e s  s e p a r a t e d  i n  "0.5 
h r  compared t o  4  and 3 .5  min w i t h  0 .25  M and 0 . 5  M N a 2 C 0 3 ,  
r e s p e c t i v e l y  . 

c .  E f f e c t  o f  C a r b o n a t e / B i c a r b o n a t e  R a t i o .  V a r i a t i o n  o f  
t h e  aqueous  b i c a r b o n a t e  c o n c e n t r a t i o n  from 0  t o  97% o f  t h e  
t o t a l  c a r b o n a t e  c o n c e n t r a t i o n ,  w i t h  t h e  t o t a l  c o n c e n t r a t i o n  
h e l d  c o n s t a n t  a t  -0 .5  M ,  had  l i t t l e  e f f e c t  on  e x t r a c t i o n s  w i t h  
0 . 1  N Q u a t e r n a r y  B-104 c a r b o n a t e :  

I n i t i a l  B i c a r b o n a t e ,  
mole % o f  

t o t a l  c a r b o n a t e  

0  
20 
5  0  
97 

Uranium E x t r a c t i o n  C o e f f i c i e n t  (E:) 
Amsco G . Kerosene  

F i n a l  Amsco G + 3% TDA + 5% TDA 
PH D i l u e n t  D i l u e n t  D i l u e n t  

11 .3-11 .5  2 . 4  4 . 4  5 . 9  
10 .7 -10 .8  2 . 3  4 . 5  5 . 7  
10 .2 -10 .3  2 . 7  4 . 6  6 . 3  

9 . 4 -  9 . 6  2 .2  3 . 3  5 . 5  

C o n d i t i o n s :  1 g  o f  uran ium p e r  l i t e r  i n  i n i t i a l  a q u e o u s ,  p h a s e  . - 

r a t i o  1/1, 5  min c o n t a c t  

d .  E f f e c t  o f  Tempera tu re .  I n c r e a s e  i n  t e m p e r a t i ~ s e  from 
27 t o  5 0 ' ~  c a u s e d  a n  a p p r e c i a b l e  b u t  n o t  p r o h i b i t i v e  d e c r e a s e  i n  
e x t r a c t i o n  o f  uran ium from 0 . 5  M N a 2 C 0 3  s o l u t i o n  by 0 . 1  N 
Q u a t e r n a r y  B-104, w h i l e  t h e  rate  o f  p h a s e  s e p a r a t i o n  w a s  v i r t u a l l y  
u n a f f e c t e d :  

Uranium P h a s e  
Temp, E x t r a c t i o n  S e p a r a t i o n  

D i l u e n t  " c C o e f f i c i e n t  ( E g )  Time,  min 

Amsco G 27 . 2 . 4  7  
50 1 . 8  h 

Amsco G + 3  v o l  70 TDA 27 4 . 4  
5 0  2 . 8  

C o n d i t i o n s :  1 g o f  uran ium p e r  l i t e r  i n  head  a q u e o u s ,  
p h a s e  r a t i o  1/1, 5 min c o n t a c t  

e .  E f f e c t  o f  D i l u e n t  M o d i f i e r s .  S i n c e  t h e  f o r e g o i n g  t es t s  
showed a n  improvement i n  uran ium e x t r a c t i o n  power And p h a s e  
s e p a r a t i o n  ra te  o n  a d d i t i o n  o f  3-5 v o l  % t r i d e c a n o l  (TDA) t o  t h e  
d i l u e n t ,  a d d i t i o n a l  s t u d i e s  were made w i t h  0 . 1  N Q u a t e r n a r y  B-104 
c a r b o n a t e  i n  which t h e  TDA c o n c e n t r a t i o n  i n  b o t h  Amsco G and 
k e r o s e n e  d i l u e n t s  w a s  v a r i e d  o v e r  a wide  r a n g e  ( T a b l e  4 . 2 ) .  With 
t h e  f o r m e r  d i l u e n t  t h e  uran ium e x t r a c t i o n  c o e f f i c i e n t  r e a c h e d  a 
maximum o f  30 a t  25 v o l  % TDA (-10 moles  o f  TDA p e r  mole 



T a b l e  4 . 2 .  E f f e c t  o f  T r i d e c a n o l  C o n c e n t r a t i o n  on  

E . x t r a c t i o n  w i t h  ~ u a t e r n a r ~  B-104 

Head a q u e o u s  : 0 . 5  M N a ,  C 0 3  , 1 g  o f  uran ium p e r  l i t e r  
P h a s e  r a t i o :  111 
C o n t a c t  t i m e :  5  min 

Uranium Phase  
E x t r a c t i o n  S e p a r a t i o n  

D i l u e n t  C o e f f i c i e n t  (ER) Time,  min 

Amsco G + 3  v o l  % TDA 4 . 4  
+ 5  v o l  % TDA 7 . 1  
+ 1 0  v o l  '% TDA 12  
+ 1 5  v o l  % TDA 1 7  
+ 25 v o l  % TDA 30 
+ 32 v o l  % TDA 1 8  

k e r o s e n e  + 5 v o l  70 TDA 5 . 9 , 5 . 7  1 0 , 1 5  
+ 1 0  v o l  %TDA 1 4 .  8 
+ 1 5  v o l  70 TDA 21  6  
+ 25 v o l  % TDA- 30 4  

, , o f  Q u a t e r n a r y )  a n d  t h e n  d e c r e a s e d  t o  1 8  a t  32 v o l  % TDA. I n  
k e r o s e n e  t h e  h i g h e s t  c o e f f i c i e n t ,  30 ,  a g a i n  w a s  o b t a i n e d  a t  25 

, '  v o l  70 TDA, b u t  h i g h e r  c o n c e n t r a t i o n s  were n o t  t e s t e d ,  The p h a s e  
s e p a r a t i o n  rate  improved  c o n s i d e r a b l y  w i t h  i n c r e a s e  i n  a l c o h o l  
c o n c e n t r a t i o n  b u t  s t i l l  w a s  n o t  r a p i d  ("2 min )  e v e n  a t  t h e  ', 

: h i g h e s t  a l c o h o l  l e v e l .  
.- . .. ., 

F u r t h e r  d a t a  showing  t h e  e f f e c t  of TDA c o n c e n t r a t i o n  o n - .  
u r a n i u m  e x t r a c t i o n  is shown i n  t h e  form o f  e x t r a c t i o n  i s o t h e r m s  

. f o r  0 . 1  N Q u a t e r n a r y  B-104 ( F i g .  4 . 2 )  and  f o r  0 .021-0.083 N 
A l i q u a t  336 ( F i g .  4 . 3 ) .  With t h e  f o r m e r  i n  Amsco G-TDA d i l u e n t  , 
t h e  e x t r a c t i o n  power o v e r  t h e  t o t a l  , r a n g e  o f  t h e  i s o t h e r m  w a s  
improved  by i n c r e a s e  i n  T D A ' c o n c e n t r a t i o n  from 3  t o  25 v o l  YO. 
With A l i q u a t  336 i n  kerosene-TDA d i l u e n t ,  however ,  e x t r a c t i o n s  
a t  h i g h e r  a l c o h o l  c o n c e n t r a t i o n s  were a p p r e c i a b l y  d e p r e s s e d  i n  
r e g i o n s  o f  h i g h  u ran ium l o a d i n g s  a l t h o u g h  e f f i c i e n t  a t  low l o a d -  
i n g s .  F o r  example ,  t h e  i n d i c a t e d  maximum uranium l o a d i n g  f o r  
0 . 0 8 3  N e x t r a c t a n t  w a s  d e c r e a s e d  from -3 .5  t o  -2 .7  g  p e r  l i t e r  
by i n c r e a s i n g  t h e  TDA c o n c e n t r a t i o n  from 5  t o  1 5  v o l  %., S i n c e ,  
i n  t h e  d i l u t e  u ran ium r e g i o n ,  t h e  e f f e c t  o f  a l c o h o l  c o n c e n t r a t i o n  
is masked by c o n v e r g e n c e  o f  t h e  i s o t h e r m s ,  t h e  d a t a  are r e p l o t -  
t e d  i n  F i g .  4 .4 .  A t  two d i f f e r e n t  e x t r a c t a n t  c o n c e n t r a t i o n s ,  
t h e  uran ium e x t r a c t i o n  c o e f f i c i e n t  r e a c h e d  a maximum a t  a n  
a l c o h o l / q u a t e r n a r y  r a t i o  o f  abou t  5 / 1 ,  i . e .  1 0  v o l  YO TDA f o r  
0.08.3 N A l i q u a t  336 a n d ' 5  v o l  % TDA f o r  0 .042 N A l i q u a t  336. The 
r a t e  o f  p h a s e  s e p a r a t i o n  w a s  r e a s o n a b l y  r a p i d  (2 min o r  l e s s )  i n  
a l l  tests w i t h  A l i q u a t  336 b u t  w a s  a p p r e c i a b l y  f a s t e r  w i t h  
a l c o h o l / q u a t e r n a r y  mole r a t . i o s  o f  5  o r  g r e a t e r  t h a n ,  w i t h  a - r a t i o  
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F i g .  4 .2 .  Uranium e x t r a c t i o n  i s o t h e r m s  from 0 . 5  M sodium 
c a r b o n a t e  s o l u t i o n  w i t h  0 . 1  Q u a t e r n a r y  B-104 c a r b o n a t e  i n  
Arnsco G-TDA d i l u e n t .  O r g a n i c  p h a s e  c a s c a d e d  a g a i n s t  f r e s h  
volumes o f  aqueous ;  c o n t a c t  t i m e ,  5  min p e r  s t a g e .  

o f  2 .5 .  F o r  example ,  t h e  t i m e s  ( a v e r a g e  o f  5  t e s t s )  f o r  c o m p l e t e  
d i sengagemen t  o f  t h e  p h a s e s  w i t h  0 .083  N A l i q u a t  336 were 1 . 5 ,  
0 . 9 ,  and 0 . 9  min w i t h  a l c o h o l / q u a t e r n a r y  r a t i o s  o f  2 . 5 ,  5 ,  and  
7 . 5 ,  r e s p e c t i v e l y .  On t h e  b a s i s  o f  t h e  e x t r a c t i o n  and  p h a s e  
s e p a r a t i o n  r e s u l t s ,  a n  a l c o h o l / q u a t e r n a r y  r a t i o  o f  -5 a p p e a r s  
t o  be optj.11111111 f o r  A l i q u a t  3 3 6  i n  k e r o s e n e  df l u e n t .  

Comparison o f  uranium e x t r a c t i o n  c o e f f i c i e n t s  a t  c o n s t a n t  
a l c o h o l / q u a t e r n a r y  r a t i o s  showed a n e a r  l i n e a r  dependence  o f  
e x t r a c t i o n  power on  q u a t e r n a r y  c o n c e n t r a t i o n ,  a t  leas t  i n  t h e  
r a n g e  0 .04 -0 .1  N. 

E x t r a c t i o n  of  Aaueous. I n  p r e p a r i n g  o r g a n i c  s o l u t i o n s ,  i t  
was. n o t i c e d  t h a t  a small amount o f  aqueous  s e p a r a t e d  from t h e  



2.5 vol % TDA 

0.042 N Aliquat 336 
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F i g .  4 . 3 .  I s o t h e r m s  f o r  e x t r a c t i o n  o f  uranium from c a r b o n a t e  
s o l u t i o n  w i t h  A l i q u a t  336 ( c a r b o n a t e  form)  i n  kerosene--TDA 
d i l u e n t .  I n i t i a l  aqueous :  0 . 4  M Na,CO, --0. 1 &! NaHCO, , 1 g of  
uranium p e r  l i t e r ,  pH -10.  o r g a n i c  c a s c a d e d  a g a i n s t  f r e s h  
volumes o f  aqueous  ; 5-min c o n t a c t s .  
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F i g .  4 . 4 .  E f f e c t  o f  t r i d e c a n o l  c o n c e n t r a t i o n  on  uranium 
e x t r a c t i o n  a t  low l o a d i n g .  Aqueous: 0 . 4  IvI N a ,  C 0 3  -0 .1  M NaHCO, . 
O r g a n i c :  A l i q u a t  336 i n  kerosene-TDA d i l u e n t ;  s o l v e n t  -15% . 

., . . l o a d e d  w i t h  uran ium.  

q u a t e r n a r y  c a r b o n a t e - d i l u e n t  s o l u t i o n  on  a d d i t i o n  o f  TDA. I n  
one  t e s t  w i t h  Q u a t e r n a r y  B-104 c a r b o n a t e  i n  Amsco G ,  t h i s  
s e p a r a t e d  p h a s e  w a s  a n a l y z e d  and  f o u n d  t o  c o n t a i n  0 .45  M c a r b o n -  
a te  a t  pH 11, which w a s  t h e  a p p r o x i m a t e  c o m p o s i t i o n  o f  t h e  
aqueous  p h a s e  ( U .  5 M N a , C 0 3  ) l a s t  c o n t a c t e d  p r i o r  t o  a d d i t i o n  
o f  t h e  TDA. A n a l y s e s  o f  t h e  s o l v e n t  i n  s e v e r a l  o t h e r  cases 
showed c a r b o n a t e  a p p r e c i a b l y  i n  excess o f  t h a t  e q u i v a l e n t  t o  
t h e  q u a t e r n a r y  c a r b o n a t e ,  a g a i n  s u g g e s t i n g  t h a t  aqueous  t a k e u p  
by  t h e  s o l v e n t  w a s  due  t o  e x t r a c t i o n  o f  sodium c a r b o n a t e  s o l u -  
t i o n  r a t h e r  t h a n  t o  h y d r a t i o n  o f  t h e  q u a t e r n a r y  c a r b o n a t e  s a l t .  
E s t i m a t i o n  o f  t h e  amount o f  aqueous  e x t r a c t e d  by a n a l y z i n g  t h e  
s o l v e n t  ( A l i q u a t  336 c a r b o n a t e  i n  kerosene-TDA d i l u e n t )  f o r  
water showed t h a t  t h e  water e x t r a c t e d  p e r  mole  o f  q u a t e r n a r y  
d e c r e a s e d  from -8 t o  "5.5 moles  as t h e  a l c o h o l / q u a t e r n a r y  mole 
r a t i o  w a s  i n c r e a s e d  from 2 . 5  t o  8  ( F i g .  4 . 5 ) .  E x t r a c t i o n s  o f  
water were o n l y  s l i g h t l y  l o w e r  w i t h  0 . 0 4 1  N compared t o  0 .083  N 
e x t r a c t a n t .  

f .  Maximum uranium Loading .  I n  e x t r a c t i o n s  from 0 .35  M 
N a 2 C 0 3  s o l u t i o n  c o n t a i n i n g  7.5 g  o f  uran ium p e r  l i t e r ,  maximum 
l o a d i n g  o f  A l i q u a t  336 w a s  one  mole o f  uran ium p e r  f o u r  moles o f  
q u a t e r n a r y  which is c o n s i s t e n t  w i t h  e x t r a c t i o n  o f  a t e t r a v a l e n t  
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. .. , F i g .  4 . 5 .  Water c o n t e n t  o f  t h e  s o l v e n t  p h a s e  a f t e r  c o n t a c t  
w i t h  0 . 5  g Na2C03 s o l u t i o n .  O r g a n i c :  0 . 0 4 1  o r  0 . 0 8 3  N A l i q u a t  
336  c a r b o n a t e  i n  kerosene-TDA d i l u e n t .  Water a n a l y s e s  by 
K a r l  F i s c h e r  a n d  a z e o t r o p i c  d i s t i l l a t i o n  m e t h o d s .  

- 

0.083 N Aliquat 336 

- 

0.041 N Aliquat 336 
- 

- 

1 1 

a n i o n  ( e q .  1 ) :  

0 5 10 

Uran ium,   liter Q u a t e r n a r y / U r a n i u m  Mole 
C o n t a c t  O r g a n i c  Aqueous R a t i o  i n  O r g a n i c  

1 4 . 4  2 . 7  4 . 0 6  
2  4 . 4  7 . 1  4 . 0 6  
3  4 . 5  7 . 3  3 . 9 7  
4  4 . 5  7 . 3  3 . 9 7  
5  4 . 5  7 . 4  3 . 9 7  

C o n d i t i o n s :  0 . 0 7 5  N A l i q u a t  336 i n  k e r o s e n e  + 2 . 5  
v o l  '% TDA c a s c a d e d  a g a i n s t  s u c c e s s i v e  
vo lumes  o f  0 .  35 N a ,  C 0 3  s o l u t i o n  
c o n t a i n i n g  7 . 5  g  o f  u r a n i u m  p e r  l i t e r ,  
p h a s e .  r a t i o  1/1, 1 0  min c o n t a c t  



g .  E f f e c t  o f  O t h e r  An ions .  A d d i t i o n  t o  t h e  c a r b o n a t e  
l i q u o r  o f  c h l o r i d e  a n d  n i t r a t e ,  p a r t i c u l a r l y  t h e  l a t t e r ,  c a u s e d  
a s e r i o u s  l o s s  i n  u r an ium e x t r a c t i o n  e f f i c i e n c y  ( F i g .  4 . 6 ) .  
F o r  e x a m p l e ,  a d d i n g  .0.06 M n i t r a t e  d e c r e a s e d  e x t r a c t i o n  
c o e f f i c i e n t s  by  a f a c t o r  ~ 1 0 0 .  C h l o r i d e  o r  n i t r a t e  c a n  b e  
i n t r o d u c e d  i n t o  t h e  e x t r a c t i o n  c i r c u i t  i f  c h l o r i d e  o r  n i t r a t e  
s a l t s  are u s e d  f o r  s t r i p p i n g  (Sec .  5 . 1 )  a n d  t h e  e x t r a c t a n t  is 
r e c y c l e d  w i t h o u t  r e g e n e r a t i o n  t o  t h e  c a r b o n a t e  f o r m .  

UNCLASSI FI ED 
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Head Aqueous: 0.19 g U/liter 

Head Aqueous: 1.9 g  liter 

A N I O N  CONCENTRATION, M 

F i g .  4 . 6 .  E f f e c t  o f  s u l f a t e ,  c h l o r i d e ,  and n i t r a t e  on  
e x t r a c t i o n  o f  u r an ium f rom c a r b o n a t e  s o l u t i o n s  w i t h  0 . 0 9 5  N 
A l i q u a t  336 c a r b o n a t e  i n  k e r o s e n e  + 9 . 5  v o l  % TDA. Aqueous:  
0 . 4  M Na,CO, -0 .1  M NaHCO, c o n t a i n i n g  1 . 9  o r .  0 . 1 9  g  o f  u r an ium 
p e r  l i t e r ;  s u l f a t e , .  c h l o r i d e ,  a n d  n i t r a t e  added  as sod ium s a l t ;  
a / o  phiis@ r a t i o  = 1 . 5 / 1 .  



S u l f a t e  a l s o  i n t e r f e r e d '  w i t h  e x t r a c t i o n s  ( F i g .  4 . 6 )  b u t ,  
a t  low c o n c e n t r a t i o n s  ( < 0 . 1  M), t h e  e f f e c t  w a s  n o t  p r o h i b i t i v e .  
However ,  a d d i t i o n a l  t e s t s  ( T a b l e  4 . 3 )  a t  h i g h e r  s u l f a t e  concen-  
t r a t i o n s  showed a d e c r e a s e  i n  t h e  uran ium e x t r a c t i o n  c o e f -  
f i c i e n t  by a f a c t o r  o f  -5 as t h e  s u l f a t e  w a s .  i n c r e a s e d  from 0, 
t o  0 . 5  M. The' h e a d  l i q u o r  i n  t h e  l a t t e r  tests  a l s o  c o n t a i n e d  
vanadium and  molybdenum, e x t r a c t i o n s  o f  t h e s e  c o n t a m i n a n t s  
b e i n g  v i r t u a l l y  u n a f f e c t e d  by v a r i a t i o n  i n  s u l f a t e  concen-  
t r a t i o n .  Vanadium c o e f f i c i e n t s  were h i g h e r  t h a n  t h o s e  f o r  
u ran ium e v e n  when t h e  l i q u o r  c o n t a i n e d  no s u l f a t e .  The s e r i o u s  
i n t e r f e r e n c e  from s u l f a t e  o b s e r v e d  a t  t h e  h i g h e r  c o n c e n t r a t i o n s  
' is a n  o b s t a c l e  t o  commerc ia l  a p p l i c a t i o n ,  s i n c e  b u i l d u p  i n  
s u l f a t e  c o n c e n t r a t i o n  (due  m a i n l y  t o  o x i d a t i o n  o f  s u l f i d e  
m i n e r a l s  o r  m e t a t h e s i s  o f  gypsum i n  t h e  o r e )  t o  0 . 5 -  o r  h i g h e r  
i n  c a r b o n a t e  l e a c h  l i q u o r s  is n o t  uncommon (Sec .  8 . 0 ) .  

T a b l e  4 . 3 .  E f f e c t  o f  S u l f a t e  o n  Uranium E x t r a c t i o n  

O r g a n i c :  0 .075  N A l i q u a t  336 c a r b o n a t e  i n  k e r o s e n e  + 
7 . 5  v o l  7'0 TDA 

Aqueous : S y n t h e t i c  l i q u o r s  c o n t a i n i n g  0 . 4  M N a 2  C03  - 
0 . 1  M NaHCO, '(pH 1 0 . 2 ) ,  2  g  o f  .uranium p e r  
l i t e r  a n d  i n d i c a t e d  c o n c e n t r a t i o n s  o f  
vanadium ,. molybdenum, and  s u l f . a t e ;  s u l f a t e  
added  as .  sodium s u l f a t e  

C o n t a c t  t i m e :  5  min 
P h a s e  r a t i o ,  a /o :  111 

Conc 
i n  Head L i q u o r ,  A n a l y s e s ,  g / l i t e r  Uranium 

g / l i t e r  O r g a n i c  Aqueous E x t r a c t i o n  
so4 V Mo U V Mo U V Mo C o e f f i c i e n t  (E:) 

0  1 - 1 . 1 9  0 .69  - 0 .79  0 . 2 8  - 1 . 5  
1 0  1 - 1 . 0 1  0 . 6 8  - 0 . 9 8  0 .29  - 1 . 0  
2  0  1 - 0 . 8 3  0 .62  - 1 . 1 7  0 . 3 1  - 0 . 7  
5  0  1 - 0.50  0 . 6 6  - 1 . 4 8  0 .32  - 0 . 3  

4 . 2  Vanadium and  Molybdenum 

Both  vanadium and  molybdenum, which are common c o n t a m i n a n t s  
o f  o r e  c a r b o n a t e - l e a c h  l i q u o r s ,  w e r e  e x t r a c t e d  f a i r l y  s t r o n g l y  
by A l i q u a t  336 from c a r b o n a t e  s o l u t i o n s  and were r e p l a c e d  by 
u ran ium o n l y  w i t h  d i f f i c u l t y .  R a i s i n g  t h e  l i q u o r  pH improved 
s e p a r a t i o n s  from vanadium b u t  n o t  from molybdenum. At t empt s  t o  
s c r u b  t h e s e  c o n t a m i n a n t s  from t h e  s o l v e n t  were o n l y  p a r t i a l l y  
. s u c c e s s f u l .  



a.  Vanadium. An i s o t h e r m  ( F i g .  4 . 7 )  f o r  e x t r a c t i o n  o f  
vanadium w i t h  A l i q u a t  3 3 6  had t h e  same u n o r t h o d o x  s h a p e  which 
is c h a r a c t e r i s t i c  o f  vanadium e x t r a c t i o n  by amines  i n  a n  a c i d  
s y s  t e m  . 9 

UNCLASSIFIED 
ORNL-LR-DWG 57101 

0 0.5 , ' 1 .O 
. .. 

V IN AQUEOUS, g/liter 

F i g .  4 . 7 .  E x t r a c t i o n  o f  vanadium (V) from c a r b o n a t e  s o l u t i o n  
w i t h  0 .075  N A l i q u a t  3 3 6  c a r b o n a t e  i n  k e r o s e n e  + 7 .5  v o l  '7'0 TDA. 
Aqueous: 0 . 4  M N a 2 C 0 3  -0 .1  M NaHCO, , 1 g  V p e r  l i t e r .  5  min 
c o n t a c t s  t i n~e .  

E x t r a c t i o n s  w i t h  A l i q u a t  3 3 6  f rom 0 . 4  M Na2C03-0.1 M 
NaHCO, s o l u t i o n  (pH 1 0 . 2 )  c o n t a i n i n g  2 g  o f  uran ium and  1 g  
o f  v a n ~ d i u m  p e r  l i t e r  showed more e f f e c t i v e  e x t r a c t i o n  o f  
vanadium t h a n  o f  uran ium a t  h i g h  s o l v e n t  l o a d i n g s  ( T a b l e  4 . 4 ) .  
C o n t r o l  o f  vanadium c o n t a m i n a t i o n  by s a t u r a t i n g  t h e  s o l v e n t  
w i t h  uranium o b v i o u s l y  is n o t  f e a s i b l e  i n  t r e a t i n g  a l i q u o r  o f  
t h i s  c o m p o s i t i o n .  A r e p e a t  o f  t h e  t e s t ,  a f t e r  a d j u s t m e n t  o f  
t h e  aqueous  s o l u t i o n  t o  pH 11.1 w i t h  sodium h y d r o x i d e ,  showed 
d i s p l a c e m e n t  o f  the va~ladiutn from t h e  s o l v e n t  w i t h  uran ium u n d e r  
t h e s e  c o n d i t i o n s ,  b u t  a t  t h e  h i g h e s t  l o a d i n g ,  t h e  vanadium 
c o n t e n t  o f  t h e  e x t r a c t  ("5'7'0 V 2 0 5  b a s e d  'on U 3 0 8  ) w a s  s t i l l  above  
t h e  s p e c i f i c a t i o n  l i m i t  (2% V z 0 5  ) f o r  uran ium c o n c e n t r a t e s .  

S c r u b b i n g  Vai.ladiua~ Pru111 1;he Solvent. A t t e m p t s  t o  . s c r u b  
vanadium from uranium-vanadium ex t r ac t s  w i t h  sodium c a r b o n a t e ,  
sodium h y d r o x i d e ,  and m i x t u r e s  o f  sodium c a r b o n a t e  and  sodium 
h y d r o x i d e  w e r e  o n l y  p a r t i a l l y  s u c c e s s f u l  (Tab le  4 . 5 ) .  R e s u l t s  
were b e s t  w i t h  1 N a 2 C 0 3  --0.2 M NaOH,  which removed 70'7'0 o f  
t h e  vanadium (and 5% of  t h e  u r a n i u m )  i n  a s i n g l e  c o n t a c t  a t  a n  
o r g a n i c / a q u e o u s  r a t i o  o f  4/1. However, t h e  r e s i d u a l  vanadium 
c o n t a m i n a t i o n  o f  t h e  e x t r a c t  w a s  s t i l l  h i g h  (-10% V z 0 5  b a s e d  
on U308). 



T a b l e  4 . 4 .  E f f e c t  o f  Uranium L o a d i n g  a n d  pH 

o n  Vanadium E x t r a c t i o n  

Aqueous :  0 . 4  @ Na,C03 - 0 . 1  M NaHCO, s o l u t i o n  (pH 1 0 . 2 )  
c o n t a i n i n g  2  g o f  u r a n i u m  a n d  1 g  o f  vanadium 
p e r  l i t e r ;  o r  above  s o l u t i o n  a d j u s t e d  t o  pH 
11.1 w i t h  NaOH p e l l e t s  

O r g a n i c :  0 . 0 7 5  N A l i q u a t  336 c a r b o n a t e  i n  k e r o s e n e  + 
7 . 5  v o l  7'0 TDA 

C o n t a c t  t i m e :  5  m in  

pH o f  P h a s e  A n a l y s i s ,  g / l i t e r  E x t r a c t i o n  
H e  a d  R a t i o ,  O r g a n i c  Aqueous C o e f f i c i e n t  (Eg) 

Aqueous  a / o  U V U V U V 

a 
P o o r  material  b a l a n c e .  

. . . . 
b.  Molybdenum. U n l i k e  vanad ium,  molybdenum showed no'rmal-  

, . s h a p e d  e x t r a c t i o n  i s o t h e r m s  a n d  more e f f i c i e n t  e x t r a c t i o n  a t  
pH 1 1 . 2  t h a n  a t  1 0 . 2  ( F i g .  4 . 8 ) .  C o e f f i c i e n t s  a t  low l o a d i n g s  
f o r  e x t r a c t i o n  f r o m  0 . 5  M c a r b o n a t e  s o l u t i o n  w i t h  0 . 0 7 5  N 
A l i q u a t  336 were "1.2  a t  pH 1 0 . 2  a n d  "1 .8  a t  pH 1 1 . 2  

I n  e x t r a c t i o n s  w i t h  A l i q u a t  336 f rom 0 . 5  @ c a r b o n a t e  s o l u -  
t i o n s  c o n t a i n i n g  b o t h  molybdenum ( 1 . 1  g / l i t e r )  a n d  u r a n i u m  
( 1 . 9  g / l i t e r ) ,  s e p a r a t i o n s  f rom molybdenum were o n l y  s l i g h t l y  
be t t e r  a t  pH 1 1 . 2  t h a n  a t  pH 1 0 . 2 ,  s i n c e  c o e f f i c i e n t s  f o r  b o t h  
e l e m e n t s  i n c r e a s e d  w i t h  i n c r e a s e  i n  pH by  a p p r o x i m a t e l y  t h e  
same f a c t o r  ( T a b l e  4 . 6 ) .  I n  e a c h  case t h e r e  w a s  some d i s p l a c e -  
m e n t  o f  molybdenum w i t h  u r a n i u m ,  b u t  molybdenum c o n t a m i n a t i o n  
o f  t h e  e x t r a c t  w a s  s t i l l  e x c e s s i v e  (10-1170 molybdenum b a s e d  o n  
U 3 0 8  ) e v e n  a t  t h e  h i g h e s t  u r a n i u m  l o a d i n g s .  

S c r u b b i n g  Molybdenum f rom t h e  S o l v e n t .  C o n t a c t  o f  A l i q u a t  
3 3 6 ,  l o a d e d  t o  2  g  o f  u r a n i u m  and  0 . 1 6  g o f  molybdenum p e r  
l i t e r ,  w i t h  0 . 5  M Na,CO,-0.1 M NaOH s o l u t i o n  f o r  5  min  a t  a n  
o r g a n i c / a q u e o u s  r a t i o  o f  4 /1  removed -2070 o f  t h e  molybdenum 
a n d  1.470 o f  t h e  u r a n i u m  f rom t h e  s o l v e n t .  



T a b l e  4 .5 .  S c r u b b i n g  E x t r a c t e d  Vanadium from A l i q u a t  336 

O r g a n i c :  0 .075  K A l i q u a t  336 i n  k e r o s e n e  + 7 .5  v o l  7' 
TDA l o a d e d  from c a r b o n a t e  s o l u t i o n  t o  (A) 1 . 9 5  

' g  o f  uran ium and 0 . 5  g  o f  vanadium p e r  l i t e r ,  
o r  (B) 2 . 5  g  o f  uran ium and 0 .45  g  o f  vanadium 

' p e r  l i t e r  
Phase  r a t i o ,  o / a :  4/1 
C o n t a c t  t i m e :  5  min 

Removed by 
O r g a n i c  Aqueous S c r u b ,  % 

O r g a n i c  S c r u b  U . V U V U V 

A 0 . 5  M N a ,  C 0 3  1 . 8 5  0 .40  0 .25  0 .45  3 .2  22 

0 . 5  M Na,CO,- 
0 . 1  M NaOH 

0 . 1  M NaOH 

B 0 . 1  M NaOH 

' 0 . 3  M NaOH 

0 . 6  M NaOH 

1 . 0  hl NaOH 

0 .2  M N a , C 0 3 -  
0 . 2  M NaOH 

1 M N a ,  C 0 3  - 
0 . 2  hi NaOH 

a Some uranium p r e c i p i t a t i o n ;  f i l t e r e d  b e f o r e  a n a l y s i s .  ' 

5 . 0  URANIUM STRIPPING 

U r a n i u i ~ ~  w a s  s t r i p p e d  v e r y  e f f e c t i v e l y  from t h e  s o l v e n t  
w i t h  n i t r a t e  o r  c h l o r i d e  s a l t  s o l u t i o n s  and  w i t h  sodium 
carbonate-sodium h y d r o x i d e  s o l u t i o n .  Sodium s u l f a t e ,  sodium 
b i c a r b o n a t e ,  and  sodium h y d r o x i d e  s o l u t i o n s  w e r e  c o n s i d e r a b l y  
less e f f i c i e n t  s t r i p p i n g  a g e n t s .  

5 . 1  With S a l t  S o l u t i o n s  

The uranium is p r e s e n t  i n  t h e  e x t r a c t  as a uranium-  
c a r b o n a t e - q u a t e r n a r y  complex a l o n g  w i t h  excess q u a t e r n a r y  car- 
b o n a t e  a n d / o r  b i c a r b o n a t e .  T r e a t m e n t  o f  t h e  e x t r a c t  w i t h  n e u t r a l  
n i t r a t e  o r  c h l o r i d e  s a l t  s o l u t i o n s  r e s u l t s  i n  d i s p l a c e m e n t  of  t h e  
uran ium and c a r h n n a t e  w i t h  n i t r a t e  o r  c h l o r i d e :  



UNCLASSIFIED 
ORNL-LR-DWG 57102 

MOLYBDENUM I N AQUEOUS, g/li ter 

F i g .  4 . 8 .  E x t r a c t i o n  o f  molybdenum from c a r b o n a t e  s o l u t i o n  
w i t h  0 . 0 7 5  N A l i q u a t  336 c a r b o n a t e  i n  k e r o s e n e  + 7 . 5  v o l  OJo TDA. 
Aqueous:  0 . 4  M Na, C03 -0 .1  M NaHCO, s o l u t i o n  (pH 1 0 . 2  ) c o n t a i n -  
i n g  1 g o f  molybdenum p e r  l i t e r ;  o r  same s o l u t i o n  a d j u s t e d  t o  
p H  1 . 1 . 2  w i t h  NaOH. S i m u l a t e d  c o u n t e r c u r r e n t  b a t c h  e x t r a c t i o n s ,  
5  min  c o n t a c t  p e r  s t a g e .  

a n d  

w h e r e  d o t t e d  u n d e r l i n e s  mark s p e c i e s  i n  t h e  o r g a n i c  p h a s e .  
C o e f f i c i e n t s  f o r  s t r i p p i n g  uran ium from 0 .075  N A l i q u a t  336 
were "50 ,000  f o r  1 M NaNO, and  "11 ,000  f o r  1 fi N a C l  ( T a b l e  5 . 1 ) .  
Greater t h a n  987'0 s t r i p p i n g  c o u l d  be  o b t a i n e d  i n  a s i n g l e  i d e a l  
s t a g e  w h i l e  l o a d i n g  1 jvJ N a N 0 3  t o  30 g  o f  u r an ium p e r  l i t e r  o r  
1 M NaCl t o  20 g  o f  u r an ium p e r  l i t e r .  I n  c o n t r a s t ,  s t r i p p i n g  
c o e f f i c i e n t s  f o r  1 M Na,SO, r a n g e d  o n l y  f rom 1 t o  2 .  

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



T a b l e  4 . 6 .  E f f e c t  o f  Uranium Loading  and  pH 

I . .  , 

on Molybdenum E x t r a c t i o n  

Aqueous: 0 . 4  Na,CO, -0 .1  M NaHCO, . s o l u t i o n  (pH 1 0 . 2 )  
c o n t a i n i n g  1 . 9  g  o f  U and 1.1 g  o f  Mo p e r  
l i t e r ;  o r  above  s o l u t i o n  a d j u s t e d  t o  pH 1 1 . 2  
w i t h  NaOH 

O r g a n i c :  0 .075  N A l i q u a t  336 c a r b o n a t e  i n  k e r o s e n e  + 
7 . 5  v o l  7'0 TDA 

p r o c e d u r e :  S i m u l a t e d  c o u n t e r c u r r e n t  b a t c h  e x t r a c t i o n s ,  
5  min c o n t a c t  p e r  s t a g e  

pH o f  A n a l y s i s ,  g / l i t e r  E x t r a c t i o n  
H e  a d  O r g a n i c  Aqueous C o e f f i c i e n t  (E:) 

Aqueous S t  age  U Mo ' U Mo U Mo 

u n a t t r a c t i v e  s i n c e  t h e  q u a t e r n a r y  n i t r a t e  o r  c h l o r i d e  s a l t  
must  be r e g e n e r a t e d  t o  t h e  c a r b o n a t e  form p r i o r  t o  r e c y c l e  i n  
o r d e r  t o  a v o i d  s e r i o u s  i n t e r f e r e n c e  from n i t r a t e  o r  c h l o r i d e  
i n  t h e  e x t r a c t i o n  s t e p  (Sec .  4. l g ) .  S i n c e  d i s p l a c e m e n t  o f  t h e  
n i t r a t e  and c h l o r i d e  w i t h  c a r b o n a t e  is d i f f i c u l t  (Sec .  3. O), 
b a s i c  s t r i p p i n g  methods are more u s e f u l .  

5 , 2  ,Y.B$b Bas i c m- u t i ~ , n . s .  

With 1 M NaHCO, . S t r i p p i n g  c o e f f i c i e n t s  r a n g i n g  o n l y  from 
1 t o  3  were o b t a i n e d  i n  s t r i p p i n g  uranium from 0 . 1  N Q u a t e r n a r y  
B-104 (Amsco G + 3  v o l  % TDA d i l u e n t )  w i t h  1 M NaHCO,: 

Uranium Analgs  is l i t e r  S t r i p p i n g  
Contact O r g a n i c  A ~ U Z L U S  . ~ o e f f i c i c n t  (s:) 

H e  ad  2 . 3  - - 
1 1 . 0  1 . 3  1 . 3  
2  0 . 3 1  0 . 6 9  ' 2 .2  
3  0 .09  0 . 2 7 ,  2 . 4  



. .. 

T a b l e  5 . 1 .  S t r i p p i n g  o f  u r a n i u m  w i t h  N i t r a t e ,  C h l o r i d e ,  ' . 

a n d  S u l f a t e  S a l t  S o l u t i o n s  

O r g a n i c :  0 . 0 7 5  N A l i q u a t  336 i n  k e r o s e n e  + 7 . 5  v o l  % 
TDA l o a d e d  t o  2 . 5  g  o f  u r a n i u m  p e r  :..liter 

C o n t a c t  t i m e :  5  m in  
. - 

P h a s e  
S t r i p p i n g  R a t i o ,  Uran ium A n a l y s i s ,  g / l i t e r  - S t r i p p i n g  

Agen t  o / a  Aqueous O r g a n i c  C o e f f i c i e n t  (s:) 

1 M NaNO, 0 . 5  1 . 3  <O. 0002 > 6 , 5 0 0  
1 2 . 5  <O. 0002 > 1 2 , 0 0 0  
2  4 . 9  <O. 0002 > 2 4 , 0 0 0  
4  9 . 9  <O. 0002 > 4 9 , 0 0 0  
8 1 9  0 . 0 0 1 3  1 5  ; 000 

1 6  3 4  0 . 2 5  1 4 0  

1 M NaCl 
1 

b., ... . .. . . . . 
,r ,. ... - : '1 U N a ,  SO, 

!.a 
:' ..; 

. . .. :'. ' T h e s e  tests .were made by  c a s c a d i n g  t h e  e x t r a c t  a g a i n s t  t h r e e  
- : . . ~ I . s u c c e s s i v e  . vo lumes  .:of :1 .M NaHCO,. s o l u t i o n  a t  a p h a s e  r a t i o  o f  

111. 

Wi th  N a O H .  Uranium w a s  s t r i p p e d  f rom Q u a t e r n a r y  B-104 a n d  
s i m u l t a n e o u s l y  p r e c i p i t a t e d  as sod ium p o l y u r a n a t e  by  c o n t a c t  
w i t h  c a u s t i c  s o l u t i o n s  ( T a b l e  5 . 2 ) .  Wi th  1 M NaOH, s t r i p p i n g  
w a s  n o t  c o m p l e t e  e v e n  a f t e r  s e v e r a l  s u c c e s s i v e  c o n t a c t s  w i t h  
f r e s h  s t r i p  s o l u t i o n ,  a n d  mos t  o f  t h e  u r a n i u m  d i d  n o t  p r e c i p i t a t e  
b u t  r e m a i n e d  i n  s o l u t i o n .  Two c o n t a c t s  ( p h a s e  r a t i o  o f  1 / 1 )  

.: w i t h  2  o r  3  NaOH, h o w e v e r ,  s t r i p p e d  >997'0 o f  t h e  u r a n i u m .  The  
p r e c i p i t a t e  showed  l i t t l e  t e n d e n c y  t o  c o l l e c t  a t  t h e  o r g a n i c -  
a q u e o u s  i n t e r f a c e  o r  t o  c a u s e  e m u l s i o n s  b u t  s e t t l e d  f a i r l y  
r a p i d l y  i n  t h e  a q u e o u s  p h a s e .  

W i t h  Sodium Carbona te -Sodium ~ g d r o x i d e  s o l u t i o n s ' .  Uranium 
w a s  >957'0 s t r i p p e d  b y  a 20-min c o n t a c t  o f  A l i a u a t  336 u r a n i u m  
ext rac t  w i t h  i - M  ~ a ; ~ 0 , - 0 . 6  M NaOH o r  0 . 5  M - N ~ , c o , - ~  M NaOH 
a t  a n  o r g a n i c / a q u e o u s  p h a s e  r a t i o  o f  4 /1  ( T a b l e  5 . 3 ) .  S t r i p p i n g  . 
w i t h  t h e s e  s o l u t i o n s  i n  a 5-min c o n t a c t  w a s  o n l y  s l i g h t l y  less 
e f f i c i e n t  . Sodium c a r b o n a t e  s o l u t i o n s  ( 0 . 5 - 1  M).  c o n t a i n i n g  
0 . 3  M NaOH s t r i p p e d  o n l y  15-3070 o f  t h e  u r a n i u m ,  a n d , . o n l y  70-90% 
o f  t h e  s t r i p p e d  u r a n i u m  p r e c i p i t a t e d .  With s o l u t i o n s ~ . - c p n t a i n i n g  . . . .  



T a b l e  5 . 2 .  S t r i p p i n g  o f  Uranium w i t h  C a u s t i c  

O r g a n i c :  0 . 1  N Q u a t e r n a r y  B-104 i n  (A) Amsco G + 
3  v o l  % TDA, l o a d e d  t o  2 . 3  g  U p e r  l i t e r ,  
o r  (B) A m s c o  G + 25 v o l  % TDA, l o a d e d  t o  
3 . 5  g  o f  u r a n i u m  p e r  l i t e r  , 

P r o c e d u r e  : o r g a n i c  c a s c a d e d  a g a i n s t  fresh vo lumes  
o f  s t r i p  s o l u t i o n ,  5 min  c o n t a c t s  

T o t a l  
Uranium 

S t r i p  Uran ium,  g / l i t e r  S t r i p p e d ,  
S o l u t i o n  E x t r a c t  C o n t a c t  O r g a n i c  Aaueousa  % ' 

1 g NaOH A 1 0 ;  70 1 . 6  69 
2  0 . 4 7  0 . 2 3  79 

. . 3 0  .' 35 0 .12  85 
4  0 . 2 1  0 . 1 4  9 1  

2  M NaOH B 1 0 . 5 5  2 . 9 5  8 4  
2  0 . 0 0 9  0 . 5 4  >99 

3  M NaOH B 1 0 . 5 9  2 . 9 1  8 3  
2  0 . 0 2  0 . 5 7  >99 

" ~ i l t e r e d  t o  remove u r a n i u m  p r e c i p i t a t e  b e f o r e  a n a l y s i s . .  

T a b l e  5 . 3 .  S t r i p p i n g  Uranium f rom A l i a u a t  336 w i t h  

Na2C03-NaOH S o l u t i o n s  

O r g a n i c :  0 . 0 7 5  M A l i q u a t  336 i n  k e r o s e n e  + 7 . 5  v o l  O/o 
. . TDA l o a d e d  t o  2 . 5  g  U / l i t e r  

Phase r a t i o ,  o/a: 4/1  
:. :. 
, . 

, ..,. > . . Uranium i n  
.:\. 
- )  C o n t a c t  S t r i p p e d  Uranium 

T ime ,  O r g a n i c ,  S t r i p p e d ,  
S t r i p  S o l u t i o n .  m in  g / l i t e r  % 

0 . 5  g Na2C03-0.3 M NaOH 5  2 . 1  1 6  
20 2 . 0  20 

0 . 5  N a ,  CO, -0.. 6  M NaOH 5 0 . 5 6  78 
4 . , 2  0  0 . 5 8  7?  

0 . 5  M N a ,  C03 -1 M NaOH 5  0 .23"  9 1  
20 0 . 0 8  97 

1 M N a ,  C03 - 0  3  M NaOH 5  1 . 9  24  
2 0  1 . 8  2 8  

1 M N a ,  C03 -0.6 NaOH 5  0 . 1 4  9 4  
20 0.11 96 

a A s e c o n d  5-min c o n t a c t  w i t h  f r e s h  0 . 5  M Na2C03-1 M 
NaOH a t  a n  o r g a n i c / a q u e o u s  p h a s e  r a t i o  o f  2 / 1  d e c r e a s e d  
t h e  u r a n i u m  c o n c e n t r a t i o n  i n  t h e  o r g a n i c  t o  0 . 0 5  
g/l. j. t e r .  



0 . 6 - 1  NaOH, however ,  p r e c i p i t a t i o n  o f  t h e  s t r i p p e d  uranium 
w a s  >99% c o m p l e t e .  I n  a l l  tests t h e  p h a s e s  s e p a r a t e d  i n  <1 
m i n ,  w i t h  t h e  p r e c i p i t a t e  s e t t l i n g  f a i r l y  r a p i d l y  i n  t h e  
a q u e o u s  p h a s e .  The s t r i p p i n g  and p r e c i p i t a t i o n  react i o n s  c a n  
b e  e x p r e s s e d  as 

S e p a r a t i o n s  o f  Uranium from Vanadium and Molybdenum. To 
d e t e r m i n e  w h e t h e r  t h e  a l k a l i n e  s t r i p p i n g  c y c l e  would s e p a r a t e  
u r a n i u m  from vanadium and molybdenum, two e x t r a c t s  (0 .075  N 
A l i q u a t  336 i n  k e r o s e n e  + 7 .5  v o l  '7'0 TDA) were p r e p a r e d ,  t h e  , 

f i r s t  c o n t a i n i n g  2 . 0  g  o f  uranium and 0 . 5  g  o f  vanadium p e r  
l i t e r  a n d  t h e  s e c o n d  2 . 0  g  o f  uran ium and 0 .16  g  o f  molybdenum 
p e r  l i t e r .  Each w a s  s c r u b b e d  5  min w i t h  0 . 5  M N a 2 C 0 3  -0.1 M 
NaOH a t  a n  o r g a n i c / a q u e o u s  p h a s e  r a t i o  o f  4 /1  and  t h e n  s t r i p p e d  
by two 5-min c o n t a c t s  w i t h  0 . 5  M N a 2 C 0 3  -1 M NaOH s o l u t i o n ,  
t h e  f i r s t  c o n t a c t  a t  4 /1  and  t h e  s e c o n d  a t  2 /1  o r g a n i c / a q u e o u s  
p h a s e  r a t i o .  I n  t h e  uranium-vanadium t e s t ,  38% o f  t h e  vanadium 
and  2% o f  t h e  u ran ium w e r e  removed from t h e  s o l v e n t  by t h e  
s c r u b .  The f i r s t  s t r i p  c o n t a c t  i n c r e a s e d  uranium removal  t o  
85% and vanadium removal  t o  88%. A f t e r  t h e  s e c o n d  s t r i p  
c o n t a c t ,  t h e  o r g a n i c  s t i l l  c o n t a i n e d  870 o f  t h e  uran ium and  370 
o f  t h e  vanadium. Uranium s t r i p p i n g  w a s  much less c o m p l e t e  
t h a n  i n  ea r l ie r  t es t s  (Tab le  5 . 3 ) ,  s u g g e s t i n g  a n  a d v e r s e  e f f e c t  

f '  f rom t h e  p r e s e n c e  o f  vanadium. The washed uranium p r e c i p i t a t e  
c o n t a i n e d  5% V 2 0 5  b a s e d  o n  U 3 0 ,  , i n d i c a t i n g  a p p r e c i a b l e  b u t  

L,  s t i l l  i n a d e q u a t e  s e p a r a t i o n  from vanadium i n  p r e c i p i t a t i o n .  A 
:. d u p l i c a t e  t e s t  w i t h  20-min c o n t a c t s  i n  s c r u b b i n g  and s t r i p p i n g  

a g a v e  a p p r o x i m a t e l y  t h e  same r e s u l t s .  

I n  t r e a t m e n t  o f  t h e  uranium-molybdenum e x t r a c t ,  2070 o f  t h e  
molybdenum and o n l y  1 .4% o f  t h e  uran ium were removed i n  t h e  
s c r u b  s t e p .  Uranium s t r i p p i n g  w a s  o n l y  -50% c o m p l e t e  a f t e r  t h e  
f i r s t  s t r i p  and 70% a f t e r  t h e  s e c o n d  s t r i p ,  i n d i c a t i n g  a s t r o n g  
a d v e r s e  e f f e c t  f rom t h e  p r e s e n c e  o f  molybdenum. Approximate ly  
40% o f  t h e  molybdenum o r i g i n a l l y  p r e s e n t  i n  t h e  ex t rac t  w a s  
removed i n  t h e  f i r s t  s t r i p  c o n t a c t  and a n  a d d i t i o n a l  13% i n  
t h e  s e c o n d .  S e p a r a t i o n  from molybdenum w a s  f a v o r a b l e  i n  
u ran ium p r e c i p i t a t i o n  s i n c e  t h e  washed uranium p r e c i p i t a t e  
c o n t a i n e d  <0.4% molybdenum b a s e d  on U3O8 . I n  a d u p l i c a t e  t es t  
w i t h  20-min c o n t a c t s  i n  s c r u b b i n g  and  s t r i p p i n g ,  uranium 
remova l  f rom t h e  s o l v e n t  i n  two c o n t a c t s  i n c r e a s e d  t o  83% 
w h e r e a s  t h e  amount o f  molybdenum s t r i p p e d  w a s  a b o u t  t h e  same. 

*Some o f  t h e  r e a g e n t  ,is c o n v e r t e d  t o  t h e  h y d r o x i d e  fo rm,  i . e .  , 
R,NOH, b u t  t h e  amount is r e l a t i v e l y  small s i n c e  i ts a f f i n i t y  
f o r  c a r b o n a t e  i o n  is much g r e a t e r  t h a n  f o r  t h e  h y d r o x i d e  i o n .  



6 .0  LOSS OF EXTRACTANT TO AQUEOUS LIQUORS 

Both  Q u a t e r n a r y  B-104 and  A l i q u a t  336 showed a r e l a t i v e l y  
low (<20 ppm) s t e a d y - s t a t e  s o l u b i l i t y  l o s s  t o  a q u e o u s  s o l u -  
~ t i o n s  o f  a p p r e c i a b l e  s o l u t e  c o n t e n t  ( T a b l e  6 . 1 ) .  Measured 
l o s s e s  t o  0 . 5  M N a ,  C03  s o l u t i o n s  were 8  and  1 8  ppm, r e s p e c -  
t i v e l y ,  w h i l e  l o s s e s  of  Q u a t e r n a r y  B-104 t o  1 M HNO, , o r  HC1 
were <5 ppm. 'The  h i g h  l o s s  rate  ( 1  g / l i t e r )  of  Q u a t e r n a r y  
B-104 t o  water i n d i c a t e s  t h a t  c 0 n t a c . t  o f  t h e  o r g a n i c  p h a s e  
w i t h  water o r  v e r y  d i l u t e  aqueous  s o l u t i o n s  s h o u l d  b e  a v o i d e d  
i n  p r o c e s s  u s e .  

T a b l e  6 . 1 .  Loss  'of E x t r a c t a n t  t o  Aqueous L i q u o r s  

~ o s & - - o f  ~ u a t e r n a r ~ b  
F r a c t i o n  S t e a d y - s t a t e  
R e a d i l y  LOSS, mg 

a Aqueous L o s t  , '$0 p e r  l i t e r  o f  
Q u a t e r n a r y  S o l u t i o n  o f  i n i t i a l  aqueous  

B-104 water - -1000 
1 M H C 1  0 . 6  3  
1 M HNO, 5  4  
0 . 5  M N a ,  C0,  4  8  

A l i q u a t  336 0 . 5  MNa2C03 <2 1 8  

a 
Q u a t e r n a r y  i n i t i a l . 1 ~  i n  c h l o r i d e  f o r m ,  0 .1-0 .15  N 
i n  k e r o s e n e  + 5 v o l  '$0 TDA. 

b ~ e t h o d  o f  d e t e r m i n i n g  e x t r a c t a n t  loss  w a s  d e s c r i b e d  
p r e v i o u s l y .  1 

7 . 0  CONTINUOUS TESTS 

A f l o w s h e e t  f o r  r e c o v e r i n g  uran ium f rom c a r b o n a t e  l i q u o r s  
by e x t r a c t i o n  w i t h  A l i q u a t  336 i n  k e r o s e n e - a l c o h o l  d i l u e n t  and  
p r e c i p i t a t i o n  o f  u ran ium d i r e c t l y  f rom t h e  s o l v e n t  w i t h  0 . 5  M 
Na,CO, -.-I M NaOH s o l u t i o r l  was t e s t e d  i n  c o n t i n u o u s  e q u i p m e n t  
w i t h  s y n t h e t i c  l i q u o r s .  These  l i q u o r s  were, o f  c o u r s c ,  much 
more amenable  t o  p r o c e s s i n g  t h a n  t h e  h i g h l y  c o n t a m i n a t e d  p l a n t  
l i q u o r  d e s c r i b e d  i n  S e c .  8 . 0 .  P h y s i c a l  p e r f o r m a n c e  i n  b o t h  
t h e  e x t r a c t i o n  and s t r i p p i n g  c i r c u i t s  w a s  s a t i s f a c t o r y  i n  a l l  
r u n s  b u t  s e p a r a t i o n s  f rom vanadium were n o t  a d e q u a t e .  

The . t u , t a l  c i rc i i i t  ( 'Fig.  7 . 1 )  i n c l u d e d  f o u r  e x t r a c t i o n  
s t a g e s ,  two s t r i p p i n g  s t a g e s ,  a n d  a p r o d u c t  s e t t l i n g  t a n k .  
( D e s c r i p t i o n  o f  equ ipmen t  d e s i g n  a n d  s i z e  is g i v e n  i n  Append ix . )  
M i x e r - s e t t l e r s  were u s e d  f o r  c o n t a c t i n g  t h e  p h a s e s .  The 
p r o d u c t  s e t t l i n g  t a n k  and t h e  se t t le rs  i n  t h e  s t r i p p i n g  s y s t e m  
had  c o n i c a l  b o t t o m s  t o  a l l o w  e f f e c t i v e  d i s c h a r g e  o f  s o l i d s  and  
were o r i g i n a l l y  f i l l e d  w i t h  0 .5  M Na,CO, --1 M Na.C)H snl. . i . i t ion.  
'l'he p r e c i p i t a t e  s l u r r y  w a s  pumped from t h e  f i r s t  s t a g e  
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s t r i p p i n g  s e t t l e r  t o  t h e  p r o d u c t  s e t t l i n g  t a n k  where  s o l u t i o n  
w a s  d e c a n t e d  a n d ,  a f t e r  f o r t i f i c a t i o n  w i t h  sod ium h y d r o x i d e ,  
w a s  r e c y c l e d  t o  t h e  s t r i p p i n g  s y s t e m .  The o n l y  a q u e o u s  b l e e d  
f rom t h e  s t r i p p i n g  s y s t e m  w a s  i n  t h e  t h i c k e n e d  s l u r r y  removed 
from t h e  p r o d u c t  s e t t l i n g  t a n k .  

I n  t h e  shakedown r u n ,  t h e  s o l v e n t  i n  . t he  s t r i p p i n g  c i r c u i t  
t u r n e d  brown i n  c o l o r  a n d ,  o n  r e c y c l e  t o  t h e  e x t r a c t i o n  s y s t e m ,  
had  a c o n s i d e r a b l y  d e c r e a s e d  c a p a c i t y  f o r  u r an ium.  B a t c h  t e s t s  
d e m o n s t r a t e d  t h a t  t h i s  w a s  c a u s e d  by r e a c t i o n  o f  t h e  q u a t e r n a r y  
c a r b o n a t e  and h y d r o x i d e  ( a  small  f r a c t i o n  o f  t h e  q u a t e r n a r y  is 
c o n v e r t e d  t o  t h e  h y d r o x i d e  form i n  t h e  s t r i p p i n g  s t e p )  w i t h  t h e  
Tygon t u b i n g  u s e d  f o r  p i p i n g .  The c o n t a m i n a t e d  s o l v e n t  w a s  
d i s c a r d e d  and  t h e  Tygon t u b i n g  i n  t h e  e x t r a c t i o n  and  s t r i p p i n g  
s y s t e m  w a s  r e p l a c e d  w i t h  n e o p r e n e  t u b i n g  which  showed no  r e a c t i o n  
w i t h  t h e  s o l v e n t .  

C o n t i n u o u s  Run 1 ( T a b l e  7 . 1 ) .  A 1 2 . 5 - h r  r u n  ( f i v e  c o m p l e t e  
c y c l e s  o f  t h e  o r g a n i c )  w a s  made w i t h  0 .075  H A l i q u a t  336 
c a r b o n a t e  ( k e r o s e n e  + 7 . 5  v o l  % TDA) and  "pu re"  c a r b o n a t e  s o l u -  
t i o n  c o n t a i n i n g  2 g o f  u ran ium p e r  l i t e r .  Four r a f f i n a t e  s a m p l e s  
t a k e n  d u r i n g  t h e  r u n  a n a l y z e d  0 .01 -0 .1  g  o f  u r an ium p e r  l i t e r ,  
a v e r a g i n g  0 . 0 4  which  is e q u i v a l e n t  t o  98% r e c o v e r y .  S o l v e n t  
p r o f i l e s  showed p i n c h i n g  i n  t h e  t o p  s t a g e s  ( p a r t i c u l a r l y  a t  
7 . 5  h r  r u n  t i m e )  owing t o  i n a d e q u a t e  s o l v e n t  f l o w ,  which  a c c o u n t s  
f o r  t h e  r e l a t i v e l y  p o o r  r e c o v e r y .  S t r i p p i n g  w a s  >98% c o m p l e t e ,  
t h e  r e c y c l e  s o l v e n t  c o n t a i n i n g  0 .03 -0 .05  g  o f  u ran ium p e r  l i t e r .  

A d d i t i o n  o f  makeup sodium h y d r o x i d e  t o  t h e  s t r i p p i n g  s y s t e m  
was i n ~ u f f i c i e n t  s i n c e  t h e  hydruxide c o n c e n t r a t i o n  i n  t h e  re- 
c y c l e  s o l u t i o n  dropped*  d u r i n g  t h e  r u n  f rom i ts  o r i g i n a l  v a l u e  
o f  1 M. t o  -0 .7  M .  Mix ing  was m a i n t a i n e d  o r g a n i c - c o n t i n u o u s  i n  
t h e  s t r i p p i n g  system. Under t h e s e  c o n d i t i o n s  t h e  u ran ium 
p r e c i p i t a t e  s e t t l e d  r a p i d l y  i n  t h e  a q u e o u s  p h a s e  and  t h e r e  w a s  
no  e m u l s i o n  f o r m a t i o n .  The t h i c k e n e d  p r e c i p i t a t e  s l u r r y  f i l t e r e d  
r a p i d l y ,  y i e l d i n g  a uran ium p r o d u c t ,  w h i c h ,  a f t e r  w a s h i n g  and 
d r y i n g  a t  l l oOc ,  c o n t a i n e d  80.2% U 3 0 , .  The u ran ium c o n c e n t r a t i o n  
i n  t h e  f i l t r a t e  (which is d i . s c a r d e d )  w a s  - 0 . 0 1  g / l i t c r ,  e q u i v a l e n t  
t o  a l o s s  o f  <0 .05% o f  t h e  u ran ium.  T h i s  c o n c e n t r a t i 0 . n  w a s  much 
l o w e r  t h a n  t h a t  i n  aqueous  s a m p l e s  f rom t h e  p r o d u c t  s e t t l i n g  t a n k ,  
p r e s u m a b l y  b e c a u s e  t h e  t h i c k e n e d  s l u r r y  w a s  a l l o w e d  t o  s t a n d  
a b o u t  24 h r  p r i o r  t o  f i l t e r i n g  which  i n c r e a s e d  t h e  c o m p l e t e n e s s  
o f  p r e c i p i t a t i o n .  

C o n t i n u o l . ~ ~  Run 2 ( T a b l e  7 . 2 ) .  A 1 2 . 5 - h r  r u n  w a s  made w i t h  
a s y n t h e t i c  l i q u o r  c o n t a i n i n g  2  g  o f  u ran ium and  0 . 8  g  o f  
vanadium p e r  l i t e r .  To r e p r e s s  vanadium e x t r a c t i o n ,  t h e  l i q u o r  
( o r i g i n a l l y  0 . 4  M Na,CU,  -0 .1  &-I NaHCO, ) was a d j u s t e d  t o  p H  11.1 

- .- 

*Hydroxide  is consumed,  n o t  o n l y  i n  p r e c i p i t a t i n g  u ran ium (eq .  4 ) ,  
b u t  a l s o  by r e a c t i o n  w i t h  s m a l l  amounts  o f  q u a t e r n a r y  b i c a r b o n a t e  
p r e s e n t  i n  the e x t r a c t  and  by c o n v e r s i o n  o f  a s m a l l  f r a c t i o n  o f  
t h e  q u a t e r n a r y  t o  t h e  h y d r o x i d e  fo rm.  



T a b l e  7 .1 .  . C o n t i n u o u s  Run 1: Recovery  o f  Uranium from 

"Pure"  C a r b o n a t e  S o l u t i o n  

F e e d  l i q u o r :  0 . 4  M N a ,  C03  --0. 1 M NaHCO, , 2 . 0  g  o f  u r an ium 
p e r  l i t e r ,  pH 1 0 . 2 ;  f l o w  ra te  5 3  ml/min f o r  
f i r s t  7 . 5  h r ,  48 ml/min f o r  l as t  5  h r  

O r g a n i c :  0 . 0 7 5  N A l i q u a t  3 3 6  i n  k e r o s e n e  + 7 . 5  v o l  % 
TDA, f l o w  ra te  40 ml/min 

S t r i p  s o l u t i o n :  0 . 5  M N a , C 0 3 - 1  M NaOH a t  s t a r t u p ;  f l o w  
ra te  o f  makeup NaOH ( 1 . 6 4  M )  0 . 8  ml/min f o r  
f i r s t  7 . 5  h r ,  0 . 9  ml/min f o r  l a s t  5 h r  

Run Hydrox ide  
T ime ,  Uran ium,  g / l i t e r  C o n c e n t r a t i o n  

h r  S t a g e  O r g a n i c  Aqueous PH i n  Aqueous,  
E x t r a c t i o n  Sys tem 

S t r i p p i n g  Sys tem 

5  2 0 . 0 3  - - - 

a 
F i l t e r e d  when s a m p l e d  t o  remove u ran ium p r e c i p i t a t e  p r i o r  
t o  a n a l y s i s .  

b~~ = p r o d u c t  s e t t l i n g  t a n k .  



T a b l e  7 . 2 .  C o n t i n u o u s  Run 2:  R e c o v e r y  o f  Uranium f rom 
C a r b o n a t e  L i q u o r  C o n t a i n i n g  Vanadium 

F e e d ,  l i q u o r :  s y n t h e t i c  l i q u o r  c o n t a i n i n g  0 . 4  M 
N a ,  CO, - 0 . 1  M NaHCO, , 2 . 1  g  o f  u r a n i u m  
and  0 . 8  g  o f  vanad ium p e r  l i t e r  a d j u s t e d  
t o  pH 1 1 . 2  w i t h  NaOH p r i o r  t o  e x t r a c t i o n ;  
f l o w  ra te  5 1  ml/min f o r  f i r s t  6  h r ,  5 4  
ml/min f o r  l a s t  6 . 5  h r  

O r g a n i c :  . 0 .075  N A l i q u a t  336 i n  k e r o s e n e  + 7 . 5  v o l  '$0 

TDA; f l o w  ra te  40 ml/min 
S t r i p  s o l u t i o n :  s o l u t i o n  r e m a i n i n g  i n  s t r i p p i n g  s y s t e m  f rom 

r u n  1 ;  f l o w  ra te  o f  makeup NaOH ( 1 . 6 4  M_) 
0 . 9  ml/min 

A n a l v s i s  , a / l i t e r  
Run Time .  

. - 
Org.anic Aaueous  - 

h r  S t a g e  U V U V 
E x t r a c t i o n  Sys t em 

1 2 . 5  1 2 . 9  0 . 0 7  1 . 7 5  0 . 8 6  
2  2 . 5  0 . 1 6  0 . 9 2  0 . 9 7  
3  1 . 3  0 .  38  0 .16  1 . 0  
4  0 . 3  0 . 3 5  0 . 0 1 4  0 . 7 5  

S c r u b  S t a g e  
2 . 5  I 1 . 7 7  <O. 0 1  - - 

.5 1 2 . 5  <O. 0 1  0 .  92a 0 . 1 4 7  
S t r i p p i n g  Sys t em 

2 . 5  2  0 . 0 7 1  <O. 002 - - 

- - -  - 

a 
. F i l t e r e d  when s a m p l e d  to  remove u r a n i u m  p r e c i p i t a t e  p r i o r  

t o  a n a l y s i s .  
bl-J'l' = p r o d u c t  s e t t l i n g  t a n k ;  t h i s  s o l u t i o n  a t  1 2 . 5  h r  

c o n t a i n e d  0 . 5 1  M OH-. 



w i t h  c a u s t i c  p r i o r  t o  e x t r a c t i o n ,  t h e  r e q u i r e d  amount o f  
c a u s t i c  t o  r e a c h  t h i s  pH b e i n g  a p p r o x i m a t e l y  e q u i v a l e n t  t o  
t h e  o r i g i n a l  b i c a r b o n a t e .  I n  t h e  f i r s t  5  h r  o f  t h e  r u n ,  a 
s c r u b  s t a g e  was i n c l u d e d  i n  t h e  c i r c u i t  t o  s c r u b  e x t r a c t e d  
vanadium from t h e  s o l v e n t  p r i o r  t o  s t r i p p i n g .  The o r g a n i c /  
s c r u b  f l o w  r a t i o  w a s  8 / 1  and  t h e  s p e n t  s c r u b  s o l u t i o n  w a s  s e n t  
downst ream t o  t h e  f i r s t  e x t r a c t i o n  s t a g e .  Some uranium p r e -  
c i p i t a t e d  when 1 M Na,C03-0.2 M N a O H  ( f i r s t  2 . 5  h r )  o r  1 . 0  M 
N a ,  C 0 3  -0 .1  M NaOH ( n e x t  2 . 5  h r )  w a s  u s e d  f o r  s c r u b b i n g .  S i n c e  
t h i s  p r e c i p i t a t e  c a u s e d  p h y s i c a l  t r o u b l e s ,  t h e  s c r u b  s t a g e  w a s  
e l i m i n a t e d  f o r  t h e  res t  o f  t h e  r u n .  

The u ran ium c o n c e n t r a t i o n  i n  r a f f i n a t e  s a m p l e s  a v e r a g e d  
0 . 0 1 3  g / l i t e r ,  e q u i v a l e n t  t o  99.370 r e c o v e r y .  Most o f  t h e  
vanadium e x t r a c t e d  i n  t h e  lower  s t a g e s  w a s  r e j e c t e d  from t h e  
s o l v e n t  as i t  became l o a d e d  w i t h  u r a n i u m ,  b u t  vanadium 
c o n t a m i n a t i o n  o f  t h e  e x t r a c t  w a s  s t i l l  r e l a t i v e l y  h i g h .  The 
s c r u b  s t a g e  (when i n  o p e r a t i o n )  removed >7570 o f  t h e  e x t r a c t e d  
vanadium. 

Approx ima te ly  98% of  t h e  e x t r a c t e d  uranium and 90-9570 o f  
t h e  e x t r a c t e d  vanadium w e r e  removed from t h e  s o l v e n t  i n  s t r i p -  
p i n g .  The vanadium c o n t e n t  o f  t h e  washed and d r i e d  ( 1 1 0 ~ ~ )  

. p r o d u c t ,  which w a s  c o l l e c t e d  i n  i n c r e m e n t s ,  i n c r e a s e d  as t h e  
r u n  p r o g r e s s e d ,  f i n a l l y  s t a b i l i z i n g  a t  a b o u t  2.270 V 2 0 ,  ( b a s e d  
o n  U 3 0 , ) ,  which  is s l i g h t l y  above  vanadium s p e c i f i c a t i o n s  
(270 V 2 0 5  ) f o r  u ran ium c o n c e n t r a t e s :  

* > 

P r o d u c t  .Ana lyses ,  '7'0 
Run Time,  h r  U t O a  V ,OK /U,OQ 

L o s s  o f  u ran ium t o  t h e  f i l t r a t e  w a s  <0.0570. 

C o n t i n u o u s  Run 3  (Tab le  7 . 3 ) .  From a s y n t h e t i c  l i q u o r  
c o n t a i n i n g  2 g  o f  u r a n l u m ,  0 . 7 4  g  o f  vanadium,  and 1.1 g  o f  
molybdenum p e r  l i t e r ,  r e c o v e r y  o f  u r a n i u m . i n  t h e  e x t r a c t i o n  
c i r c u i t  w a s  o n l y  97-9870. The l i q u o r  had  been  a d j u s t e d  t o  pH 
11.1 w i t h  c a u s t i c  p r i o r  t o  e x t r a c t i o n  t o  r e p r e s s  e x t r a c t i o n  of  
vanadium. Bo th  vanadium and molybdenum, b u t  p a r t i c u l a r l y  t h e  
l a t t e r ,  competed f o r  t h e  e x t r a c t a n t ,  l o w e r i n g  t h e  u r a n i u m ,  
e x t r a c t i o n  e f f i c i e n c y .  

The p r e g n a n t  o r g a n i c  c o n t a i n e d  "2.5 g  o f  u r a n i u m ,  0 . 1  g  o f  
vanadium,  and 0 . 4  g  o f  molybdenum . p e r  l i t e r .  About 94% of  t h e  
u r a n i u m ,  80-90% o f  t h e  vanadium, and o n l y  2570 o f  t h e  molybdenum 
w e r e  s t r i p p e d  from t h e  s o l v e n t .  The molybdenum c o n c e n t r a t i o n  i n  



T a b l e  7 . 3 .  C o n t i n u o u s  Run 3:  R e c o v e r y  o f  Uranium f rom 
C a r b o n a t e  L i q u o r  C o n t a i n i n g  Vanadium a n d  Molybdenum 

F e e d  l i q u o r :  s y n t h e t i c  l i q u o r  c o n t a i n i n g  0 . 4  M Na,C03 - 
0 . 1  M NaHCO,, 2 . 0  g  o f  u r a n i u m ,  0 . 7 4  g  o f  
vanadium a n d  1.1 g  o f  molybdenum p e r  l i t e r ,  
a d j u s t e d  t o  pH 1 1 . 2  w i t h  NaOH p r i o r  t o  
e x t r a c t i o n ;  f l o w  rate  48 ml/min f o r  f i r s t .  
2  h r  a n d  4 3  ml/min f o r  l a s t  1 3  h r  

O r g a n i c :  0 . 075  N A l i q u a t  336 i n  k e r o s e n e  + 7 . 5  v o l  % 
TDA; f l o w  ra te  40 ml/min 

S t r i p  s o l u t i o n :  s o l u t i o n  r e m a i n i n g  i n  t h e  s t r i p p i n g  s y s t e m  
f rom r u n  2 ;  f l o w  rate  o f  makeup NaOH 
( 1 . 6 4  M-) 1 . 0  ml/min 

Run A n a l y s i s ,  g / l i t e r  
T ime ,  O r g a n i c  Aqueous 

h r  S t a g e  U V Mo U V Mo 
E x t r a c t i o n  Sys t em 

2 . 5  1 2 . 4  0 . 0 9  0 . 4 0  - - - 

1 5  1 2 . 5  0 . 0 9  0 . 4 3  1. 72 0 . 7 7  1 . 1 9  
2  2 . 0  0 . 1 3  0 . 5 8  1 . 1 3  0 . 8 2  1 . 4 7  
3  1 . 3  0 . 1 8  0 . 8 7  0 . 4 8  0 .  s i  1 . 5 1  
4  0 . 6  0 . 1 9  1 . 0 2  . 0 . 0 6  0 . 6 7  1 . 0 5  

S t r i p p i n g  Sys t em 
2 . 5  2  0 . 0 8  0 . 0 0 7  0 . 1 4  - - - 

a 
F i l t e r e d  when s a m p l e d  t o  remove u r a n i u m  p r e c i p i t a t e  p r i o r  
t o  a n a l y s i s .  

b~~ = p r o d u c t  s e t t l i n g  t a n k .  The  s a m p l e  a t  5  h r  a n a l y z e d  
0 . 7 1  M COT and  0 . 5 4  M OH-; a t  1 5  h r ,  0 . 72  M COT a n d  0 . 4 5  
OH-. 



t h e  s o l v e n t  d i d  n o t  b u i l d  u p ,  however ,  o v e r  t h e  p e r i o d  o f  t h e  
r u n .  The r e l a t i v e l y  p o o r  uran ium s t r i p p i n g  e f f i c i e n c y  i n  t h i s  
r u n  compared  t o  t h a t  i n  r u n s  2  and  3  c a n  p r o b a b l y  be  a t t r i b u t e d  
f o r  t h e  m o s t  p a r t  t o  t h e  p r e s e n c e  o f  molybdenum, wh ich ,  i n  
b a t c h  t es t s  (Sec .  5 . 2 )  i n t e r f e r e d  s e v e r e l y  w i t h  uran ium s t r i p -  
p i n g .  The ra te  o f  c a u s t i c  a d d i t i o n  w a s  a d e q u a t e  t o  m a i n t a i n  
t h e  sodium h y d r o x i d e  c o n c e n t r a t i o n  i n  t h e  r e c y c l e  s o l u t i o n  a t  
"0 .5  M. Consumption o f  sodium h y d r o x i d e  w a s  "0.7 l b  p e r  pound 
o f  U 3 0 8  r e c o v e r e d .  

The uranium p r o d u c t s ,  a f t e r  b e i n g  washed and d r i e d  a t  l l oOc ,  
c o n t a i n e d  75-7970 U 3 0 8  and  o n l y  0.0010Jo molybdenum b u t  e x c e e d e d  
s p e c i f i c a t i o n s  f o r  vanadium by a f a c t o r  o f  a b o u t  2 :  

Run Time,  h r  
P r o d u c t  A n a l y s e s ,  70 

u 3 0 8  v205 /u308 MO 

78 .5  3 . 1  <O. 001 
7 7 . 8  2 . 7  0 .001  
7 9 . 4  3 . 4  0 . 0 0 1  
77 .9  3 .0  0 .001  
75 .6  4. 5. 0 . 0 0 1  
7 7 . 0  3 . 9  0 . 0 0 1  
75 .9  4 . 0  0 . 0 0 1  

Uranium l o s s  i n  t h e  f i l t r a t e  w a s  <0.05%. 

8 . 0  EXTRACT ION OF URANIUM FROM A M ILL LIQUOR 

A t t e m p t s  t o  e x t r a c t  u ran ium f rom a c a r b o n a t e  l i q u o r  r e c e i v e d  
-, f rom a w e s t e r n  m i l l  ( d e s i g n a t e d  as " P l a n t  E") were r e l a t i v e l y  
 unsuccessful owing t o  i n t e r f e r e n c e  from s u l f a t e ,  c h l o r i d e ,  

t h i o c y a n a t e ,  molybdenum, vanadium, and  o r g a n i c  matter p r e s e n t  i n  
t h e  l i q u o r .  Because  o f  t h e  d i f f i c u l t i e s  i n  t h e  b a t c h  e x t r a c t i o n  
tests, t h e  " P l a n t  E" l i q u o r  w a s  n o t  p r o c e s s e d  i n  c o n t i n u o u s  
e q u i p m e n t .  

The l i q u o r  w a s  d a r k  brown i n  c o l o r  owing t o  d i s s o l v e d  
o r g a n i c  matter ( p r o b a b l y  sodium humates  ) . A n a l y s i s  showed: 

A n a l y s i s ,  A n a l y s i s ,  
g / l i t e r  g / l i t e r  

3 . 6  so4 5  0  
20 C 1  - 1 . 4  
1 3  NO3' < O .  04 

0 . 2 1  PO4 0 . 1 1  
1 . 8  SCN 0.. 8 
0 . 0 7  



D e t e r m i n a t i o n  o f  o r g a n i c  material1' by o x i d a t i o n  w i t h  N a O C l  
showed o r g a n i c  e q u i v a l e n t  t o  NaOCl a t  0 . 2 4 . e q u i v a l e n t  p e r  l i t e r  
o f  l i q u o r .  

I n  i n i t i a l  e x t r a c t i o n  tes ts  (Tab le  8 . 1 )  w i t h  A l i q u a t  336 ,  
t h e  o r g a n i c  matter i n  t h e  l i q u o r  w a s  t r a n s f e r r e d  a l m o s t  q u a n t i -  
t a t i v e l y  t o  t h e  s o l v e n t  p h a s e  and uranium e x t r a c t i o n  w a s  i n -  
e f f e c t i v e .  The o r g a n i c  material w a s  n o t  e x t r a c t e d  by t h e  
d i l u e n t  a l o n e ,  i n d i c a t i n g  t h a t  e x t r a c t i o n  o c c u r r e d  as a r e s u l t  
o f  r e a c t i o n  w i t h  t h e  q u a t e r n a r y  e x t r a c t a n t .  S i n c e ,  i n  some 
cases, l a r g e  amounts  o f  t h e  q u a t e r n a r y - o r g a n i c  complex p r e c ' i p -  
i t a t e d  from t h e  d i l u e n t ,  i t  is e v i d e n t  t h a t  t h e  o r g a n i c  material 
s h o u l d  b e  removed from t h e  l i q u o r  p r i o r  t o  e x t r a c t i o n .  

T a b l e  8 . 1 .  E x t r a c t i o n  o f  Uranium from Unad-justed M i l l  L i q u o r  

O r g a n i c :  0 .075  A l i q u a t  336 c a r b o n a t e  i n  k e r o s e n e  + 
7.5  v o l  % TDA 

Aqueous: " P l a n t  El' l i q u o r  ( a n a l y s i s  o n  p .  34)  
C o n t a c t  t i m e :  5  min 

U r a n i u m ,  
Phase  S o l v e n t  Uranium, g / l i t e r  E x t r a c t i o n  

R a t i o ,  a /o  . C o l o r  O r g a n i c  Aqueous C o e f f i c i e n t  (E:) 

0 .25 /1  brown 0 .56  1 . 4  0 . 4  
0 .5 /1  brown 0 .46  2 .6  0 . 2  
1/1 brown 0 . 2 3  3 . 4  0 . 0 7  
2/1 brown a 0 .038  3 . 6  0 . 0 1  '! 

5 /1  c o l o r l e s s a  <O. 001  3 . 6  <0 .001  
10 /1  

. . 
<o. 001 <o. 001  "1 c o l o r l e s s  3 . 7  

a Brown s o l i d s  a t  i n t e r f a c e ,  p re sumab ly  q u a t e r n a r y - o r g a n i c  
complex.  

8 . 1  Removal o f  O r g a n i c  Matter from t h e  L i q u o r  

S e v e r a l  materials which  p r e v i o u s  s t u d i e s 1 '  had  shown t o  
b e  u s e f u l  f o r  a d s o r b i n g  o r g a n i c  material from o r e  c a r b o n a t e  
l i q u o r s  were examined b r i e f l y .  Of t h e  materials t e s t e d ,  
a c t i v a t e d  c a r b o n  and magnesium o x i d e  w e r e  t h e  most  e f f e c t i v e ,  
t h e  f o r m e r  a l s o  b e i n g  u s e f u l  i n  removing t h i o c y a n a t e  ( r e s u l t s  
n o t '  l i s t e d )  which w a s  shown (Sec .  8 . 2 )  t o  be  d e t r i m e n t a l  t o  
uranium e x t r a c t i o n .  

I n  a column s o r p t i o n  t es t  w i t h  20-50 mesh Type OL a c t i v a t -  
e d  c a r b o n  ( P i t t s b u r g h  Coke and  Chemica l  C o . ) ,  b r e a k t h r o u g h  o f  
o r g a n i c  material w a s  r a p i d  (Tab le  8 . 2 ) .  T h e r e  w a s  no a p p a r e n t  
c o r r e l a t i o n  be tween t h e  o r g a n i c  c o n t e n t  o f  t h e  e f f l u e n t ,  as 
d e t e r m i n e d  by t i t r a t i o n  w i t h  NaOC1,  and  its c o l o r ,  s i n c e  t h e  
f o r m e r  test  showed b r e a k t h r o u g h  a t  o n l y  2-4 column volumes where-  
as t h e  c o l o r  o f  t h e  e f f l u e n t  d i d  n o t  a p p r o a c h  t h a t  o f  t h e  f e e d  
l i q u o r  u n t i l  "12 column volumes o f  l i q u o r  had  p a s s e d  t h e  column.  



T a b l e  8 . 2 .  A d s o r p t i o n  o f  O r g a n i c  Material on  A c t i v a t e d  Carbon 

Carbon  column: 1 9  i n .  bed  o f  20-50 mesh Type OL 
a c t i v a t e d  c a r b o n  i n  1 i n - d i a  column 

L i q u o r :  " P l a n t  E M  l i q u o r  ( a n a l y s i s  on  p .  34)  
L i q u o r  f l o w  rate:  - 7 . 5  ml/min (22 g a l / f t 2 / h r ) ;  e f f l u e n t  

c o l l e c t e d  i n  250-ml i n c r e m e n t s  (-1 
column volume) 

E f f l u e n t  A n a l y s i s  
O r g a n i c  N a O C l  

E f f l u e n t  T o t a l  E f f l u e n t  , Uranium, E q u i v a l e n t  , 
I n c r e m e n t  column v o l  g / l i t e r  e q u i v / l i t e r  

Head L i q u o r  - 3 . 5  0 . 2 4  
1 1 - - 
2  2 3 . 5  0 .046  
3  3  - - 
4  4  3 .6  0 . 2 4  
5  5  - - 
6  6  3 . 6  0 .22  
7  7  - - 
8  8  3 . 6  0 . 2 3  

. , 9 9 - - 
1 0  1 0  3 . 5  0 . 2 5  

a 
A t  t h i s  p o i n t  t h e  c o l o r  of  t h e  e f f l u e n t ,  which had  been  
g r a d u a l l y  i n c r e a s i n g  i n  c o l o r  b u t  w a s  s t i l l  r e l a t i v e l y  
l i g h t ,  changed  r a t h e r  s u d d e n l y  t o  t h e  v e r y  d a r k  brown 
c o l o r  o f  t h e  f e e d  l i q u o r .  

A t t e m p t s  t o  r e g e n e r a t e  t h e  column w i t h  d i l u t e  c a u s t i c  
s o l u t i o n  a n d  w i t h  N a O C l  s o l u t i o n  ("2.5% a v a i l a b l e  C1,  ) were 
u n s u c c e s s f u l ,  b o t h  s o l u t i o n s  t e n d i n g  t o  c a u s e  d i s i n t e g r a t i o n  
o f  t h e  c a r b o n .  

8 . 2  E f f e c t  of  T h i o c y a n a t e  on  Uranium E x t r a c t i o n  

I n  e x t r a c t i o n s  w i t h  0 .075  ll A l i q u a t  336 c a r b o n a t e  i n  
k e r o s e n e  + 7 . 5  v o l  % TDA from a c a r b o n a t e  s o l u t i o n  c o n t a i n i n g  
t h i o c y a n a t e  , e x t r a c t i o n  o f  t h e  t h i o c y a n a t e  w a s  a l m o s t  q u a n t i -  
t a t i v e  and  i n t e r f e r e n c e  w i t h  uran ium e x t r a c t i o n  w a s  s e v e r e :  



A n a l y s i s ,  g / l i t e r .  Uranium 
Phase  O r g a n i c  Aqueous E x t r a c t i o n  

R a t i o ,  a /o  U U S  CN C o e f f i c i e n t  (E:) 

The aqueous  s o l u t i o n  u s e d  i n  t h i s  test  w a s  0 . 4  M N a 2 C 0 3 -  
0 . 1  M NaHCO, c o n t a i n i n g  2  g  o f  u ran ium,  and  1.1 g  o f  SCN- p e r  
l i t e r .  

8 . 3  E x t r a c t i o n  I s o t h e r m s  

I s o t h e r m s  ( F i g .  8.1.) f o r  t h e  e x t r a c t i o n  o f  uran ium from 
P l a n t  E l i q u o r  were d e t e r m i n e d  by, c a s c a d i n g  t h e  s o l v e n t  a g a i n s t  
f r e s h  volumes o f  l i q u o r .  With l i q u o r  (pH 1 0 )  as r e c e i v e d ,  
uran ium l o a d i n g  o f  t h e  s o l v e n t  r e a c h e d  a maximum o f  "0.5 g / l i t e r  
and  t h e n  d e c r e a s e d  t o  ~ 0 . 1  g / l i t e r  as t h e  q u a t e r n a r y  became 
l o a d e d  w i t h  o r g a n i c  mater ia l ,  c h l o r i d e ,  and  t h i o c y a n a t e .  
R e s u l t s  were a p p r e c i a b l y  b e t t e r  w i t h  l i q u o r  (pH 1 0 )  t h a t  had  
been  t r e a t e d  w i t h  a l a r g e  e x c e s s  o f  a c t i v a t e d  c a r b o n  t o  remove 
o r g a n i c  material (and t h i o c y a n a t e ) ,  b u t  t h e  maximum uranium 
l o a d i n g  ("0.7 g / l i t e r )  w a s  s t i l l  a f a c t o r  o f  3-4 lower  t h a n  
is o b t a i n e d  w i t h  "pure"  c a r b o n a t e  s o l u t i o n s .  I n c r e a s i n g  t h e  
c a r b o n - t r e a t e d  l i q u o r  pH t o  11 w i t h  c a u s t i c  t o  min imize  vanadium 
c o m p e t i t i o n  i n c r e a s e d  t h e  maximum uranium l o a d i n g  t o  "1 g / l i t e r .  

Owing t o  t h e  c o m p l i c a t i o n s  e n c o u n t e r e d  i n  t h e  b a t c h  e x t r a c -  
t i o n  t es t s ,  p l a n s  f o r  a c o n t i n u o u s  test  w i t h  t h e  P l a n t  E l i q u o r  
w e r e  abandoned.  

9 . 0  PROCESS EVALUATION 

The b u i l d u p  i n  c a r b o n a t e  o r e  l e a c h  l i q u o r s  o f  c o n t a m i n a n t s  
which  i n t e r f e r e  w i t h  s o l v e n t  e x t r a c t i o n  is s u b j e c t  t o  some 
c o n t r o l .  A s  men t ioned  b e f o r e  (Sec .  8 . 1 )  , a c c u ~ r i u l a t i u n  o f  d i s -  
s o l v e d  o r g a n i c  material c a n  be min imized  by t r e a t i n g  t h e  l i q u o r  
w i t h  a n  a d s o r b e n t .  The c o n c e n t r a t i o n  o f  s u l f a t e ,  c h l o r i d e ,  and  
molybdel~ull~ c a n  be  d e c r e a s e d  by i n c r e a s i n g  t h e  amount o f  b a r r e n  
l i q u o r  b l e d  from t h e  s y s t e m  above  t h e  "5% b l e e d *  u s e d  i n  
" P l a n t  El1. I n t e r f e r e n c e  from vanadium c a n  be  d e c r e a s e d  by 
i n c r e a s i n g  t h e  pH o f  t h e  l i q u o r  p r i o r  t o  e x t r a c t i o n ,  a l t h o u g h  
t h u s  f a r ,  s e p a r a t i o n s  from vanadium have  n o t  been  s a t i s f a c t o r y .  
A l l  t h e s e  c o m p l i c a t i o n s ,  however ,  d e t r a c t  f rom t h e  p o t e n t i a l  
u s e f u l n e s s  o f  t h e  p r o c e s s  and i t  a p p e a r s  t h a t  s o l v e n t  e x t r a c -  
t i o n  w i t h  q u a t e r n a r y  e x t r a c t a n t s  h a s  l i t t l e  c h a n c e  o f  becoming 
c o m p e t i t i v e  w i t h  t h e  c a u s t i c  p r e c i p i t a t i o n  p r o c e s s  now u s e d  i n  
w e s t e r n  c a r b o n a t e  l e a c h  m i l l s .  

- -- - - - - - -  - - - - 

*The l o s s  o f  c a r b o n a t e  l i q u o r  t o  t h e  o r e  t a i l i n g s  i n  t h e  
t h i r d  s t a g e  f i l t r a t ' i o n  ( F i g .  2 . 1 )  is e s t i m a t e d  t o  be  e q u i v a l e n t  
t o  a n  "57'0'bleed. 



1 .O 2.0 3.0 
URANIUM I N  AQUEOUS, g/liter 

F i g .  8 . 1 .  Uranium e x t r a c t i o n  from m i l l  c a r b o n a t e  l i q u o r .  
O r g a n i c :  0 .075  N A l i q u a t  3 3 6  c a r b o n a t e  i n  k e r o s e n e  + 7 .5  
v o l  % TDA. Aqueous: P l a n t  E l i q u o r ;  A ,  as r e c e i v e d ,  p H  1 0 ;  
B ,  o r g a n i c  material removed by c o n t a c t  w i t h  a c t i v a t e d  c a r b o n ,  
p H  1 0 ;  C ,  o r g a n i c  material removed by c o n t a c t  w i t h  a c t i v a t e d  
c a r b o n ,  p H  a d j u s t e d  t o  11 w i t h  c a u s t i c .  
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1 1 . 0  APPEND I X  

11.1 D e s c r i p t i o n  o f  Compounds 

The s t r u c t u r e ,  s o u r c e  of  s u p p l y ,  and  o t h e r  p e r t i n e n t  
d e s c r i p t i v e  material f o r  t h e ' q u a t e r n a r y  ammonium compounds u s e d  
i n  t h e s e  s t u d i e s  are g i v e n  i n  T a b l e  11.1. 

1 1 . 2  D e s c r i p t i o n  o f  Equipment  Used i n  C o n t i n u o u s  T e s t s  

The m i x e r - s e t t l e r s  u s e d  i n  t h e  e x t r a c t i o n  s y s t e m  w e r e  o f  
t h e  t y p e  d e s c r i b e d  i n  ORNL-2720, p .  57 .  I n  t h e  s t r i p p i n g  s y s t e m  
t h e  l i n e  c o n n e c t i n g  t h e  m i x e r  a n d  se t t l e r  o f  a g i v e n .  s t a g e  
e n t e r e d  t h e  m i x e r  n e a r  t h e  bo t tom and  w a s  i n c l i n e d  downward 
t o w a r d  t h e  s e t t l e r  t o  e n s u r e  more e f f e c t i v e  d i s c h a r g e  f rom t h e  
mixer o f  t h e  p r e c i p i t a t e  s l u r r y  s o l i d s .  

I n f o r m a t i o n  on  t h e  s i z e  o f  t h e  m i x e r s  and  se t t le rs  u s e d  
i n  t h e  c o n t i n u o u s  r u n s  is g i v e n  i n  T a b l e  1 1 . 2 .  I t  s h o u l d  b e  

! - n o t e d  t h a t  t h e  s o l u t i o n  c o n t a c t i n g  t i m e s  and s e t t l i n g  areas 
u s e d  i n  t h e s e  tests are n o t  n e c e s s a r i l y  optimum f o r  t h e  p r o c e s s  

, ,  . b u t  w e r e .  . d i c t a t e d  t o  .a g r e a t . e x t e n t  by t h e  s-ize o f  c o n t a c t i n g  . .  .. 
<,'> . :? :: . .: . . .e.qu.ipm.ent :.and. p.umps .. a ~ ~ a i l a b l e .  

. . -  
. .  . S o l u t i o n  f lo .ws  -were con. t ro .1le .d  w i t h  f l o w r a t o r s  o r  m i c r o -  

. ..:. . . . . $ .  . . ... be1l.ows pumps, a n d  s l u r r y  streams were t r a n s f e r r e d  w i t h  f i n g e r  
. <  . 
' .  .... . . pumps . 

I '  . 
' I. 

.,. ~ . . .  .. 
1 ' 

_ i  . 
.-.,?. . T a b l e  1 1 . 2 .  S i z e  o f  . -  Eauipment  Used i n  .Con: t inuous R u n s .  

S e t t l e r  
Working Volume., m l  S e t t l i n g  

S y s  t e m  Mixe r  S e t t l e r  Area, i n .  2  

E x t r a c t i o n  250 45 0  5 . 9  
S t r i p p i n g  , 1120  2120 12 .5 '  
P r o d u c t  s e t t l i n g  t a n k  - '-2000 1 0 . 2  

1 1 . 3  O t h e r  P o t e n t i a l  A p p l i c a t i o n s  f o r  Q u a t e r n a r y  E x t r a c t a n t s  

The' q u a t e r n a r y  e x t r a c t a n t s  o f f e r  o p p o r t u n i t y  f o r  e x t e n d i n g  
s o l v e n t  e x t r a c t i o n  metal r e c o v e r y  t e c h n i q u e s  t o  t r e a t m e n t  o f  
b a s i c *  s o l u t i o n s ,  a n  area where t h e  o r g a n o p h o s p h o r u s  a c i d s  and  
p r i m a r y ,  s e c o n d a r y ,  a n d  t e r t i a r y  ami.nes are i n e f f e c t i v e .  . F o r  
e x a m p l e ,  i n  a d d i t i o n  t o  u r a n i u m ,  t h e  d a t a  on  molybdenum and  
vanadium e x t r a c t i o n  ( S e c .  4 . 2 )  s u g g e s t  t h a t  t h e s e  e x t r a c t a n t s  
s h o u l d  b e  u s e f u l  f o r  s c a v e n g i n g  t h e s e  e l e m e n t s  f rom b a s i c  p r o c e s s  

*The q u a t e r n a r i e s  'are a l s o ,  o f  c o u r s e ,  e f f e c t i v e  e x t r a c t a n t s  
f o r  c e r t a i n  metals from a c i d  s o l u t i o n s ,  p a r t i c u l a r  a t t e n t i o n  
t h u s  f a r  h a v i n g  b e e n  g i v e n  t o  e x t r a c t i o n  o f  c e r t a i n  metal 
n i t r a t e s .  11 



l i q u o r s .  With r e s p e c t  t o  vanadium,  o t h e r  w o r k e r s  have  r e c e n t l y  
s t u d i e d  (Genera l  M i l l s  T e c h n i c a l  B u l l e t i n  CDS3-60) more 
i n t e n s i v e l y  t h e  u s e  of A l i q u a t  336 f o r  r e c o v e r i n g  vanadium f rom 
v a r i o u s  s o l u t i o n s .  The s t r o n g  a f f i n i t y  o f  t h e  q u a t e r n a r i e s  f o r  
n i t r a t e  (and c h l o r i d e )  s u g g e s t  t h e  p o s s i b i l i t y  o f  t h e i r  u s e  f o r  
removing t h i s  a n i o n  from waste b a s i c  l i q u o r s .  I n  a d d i t i o n ,  o f  
c o u r s e ,  t h e  q u a t e r n a r i e s  m i g h t  a l s o  b e  u s e f u l  f o r  t h e  r e c o v e r y  
o f  c e r t a i n  o t h e r  a l k a l i - s o l u b l e  metals. Thus f a r ,  o n l y  t u n g s t e n  
h a s  been  examined and o n l y  b r i e f l y .  I n  a t e s t  w i t h  0 . 1  H 
Q u a t e r n a r y  B-104 c a r b o n a t e ,  s i g n i f i c a n t  e x t r a c t i o n  o f  t u n g s t e n  
from 0 .5  M N a , C 0 3  s o l u t i o n  (phase  r a t i o  1 / 1 )  w a s  o b t a i n e d  
Al though t h e  e x t r a c t i o n  c o e f f i c i e n t  w a s  r e l a t i v e l y  low: 

Tungs ten  A n a l y s i s ,   liter 
Head E x t r a c t  i o n  

S o l u t i o n  O r g a n i c  Aqueous C o e f f i c i e n t  ( ~ g )  
1 . 0  0 . 4 4  0 . 5 4  0 . 8  

I n  a s e c o n d  t es t  w i t h  t h e  same s o l v e n t  and 0 .5  M NaHCO, s o l u t i o n  
c o n t a i n i n g  "0.5 g  p e r  l i t e r  e a c h  o f  t u n g s t e n  and  molybdenum, 
molybdenum w a s  e x t r a c t e d  p r e f e r e n t i a l l y ,  t h e  s e p a r a t i o n  f a c t o r  
( r a t i o  o f  t h e  e x t r a c t i o n  c o e f f i c i e n t s )  b e i n g  1 . 5  u n d e r  t h e s e  
c o n d i t i o n s :  

A n a l y s i s ,  g / l i t e r  E x t r a c t i o n  
F i n a l  O r g a n i c  Aaueous C o e f f i c i e n t  ( ~ 9 )  



Table 11.1. Descri~tion of Compounds 
I 

T h e o r e t  
Q u a t e r n a r y  s o u r c e a  F o r m u l a  D e s c r i p t i o n  by Vendor  E q u i v  W t  

Q u a t e r n a r y  S  [CH3 ( C H ~  Inc?] C l  - 455 

Q u a t e r n a r y  Q  

Q u a t e r n a r y  C  

Hyamine 10X 

Hyamine 1 6 2 2  

Tr imethylphenylammonium 
c h l o r i d e  

C e t y l d i m e t h y l e t h y l - '  
ammonium b r o m i d e  
(Ammonyx DME) 

C e t y l t r i m e t h y l -  
ammonium b r o m i d e  

C e t y l d i m e t h y l b e n z y l -  
ammonium c h l o r i d e  

C e t y l p y r i d i n i u m  
c h l o r i d e  

L a u r y l p y r i d i n i u m  
c h l o r i d e  

T r i b u t y l l a u r y l - '  
ammonium b r o m i d e  

Q u a t e r n a r y  B-104 

A l i q u a t  336 

p3 (CHz ~ ~ - c H z c ~ H ~ ] c ~  ( H3)z 

: CHCH : CHCH': N  (CH, ), , CH,] c l  

FH: CHCH: CHCH: N  (CHz ) I  1 CH.] C1 

GM P 3 ~ c H 3 ]  C1, a l k y l  g r o u p s  a r e  m i x e d  
n - o c t y l  a n d  n - d e c y l  

P u r e  m o n o h y d r a t e  s a l t  

P u r e  m o n o h y d r a t e  s a l t  

- 

75% s o l u t i o n  

- 

- 

- 

85-90% s o l u t i o n  

- 

65% s o l u t i o n  i n  i s o p r o p y l  a l c o h o l  . 414 

75% s o l u t i o n  - 

N-Benzyl-N-N-dimethyl- GM 
1 - u n d e c y l d o d e c y l  ammonium 
c h l o r i d e  

a ~ o u r c e  o f  compounds : I 
A A l r o s e  C h e m i c a l  Co. , P r o v i d e n c e ,  R .  I .  0 Onyx O i l  a n d  C h e m i c a l  C o . ,  J e r s e y  C i t y ,  N. J .  
EK Eas tman Kodak C o . ,  R o c h e s t e r ,  N. Y .  RH Rohm a n d  H a a s  C o . ,  P h i l a d e l p h i a ,  P a .  
GM G e n e r a l  M i l l s ,  I n c . ,  K a n k a k e e ,  I l l i n o i s  OR Oak R i d g e  N a t i o n a l  L a b o r a t o r y  

I 
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