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ABSTRACT 

An e c o n o m i c a l  p r o c e s s  was d e v e l o p e d  t h r o u g h  b e n c h - s c a l e  
f o r  r e c o v e r i n g  u ran ium f r o m  amine  e x t r a c t a n t s  w i t h  ammonium 
carbonate s o l u t i o n .  By r e c y c l i n g  t h e  s t r i p  s o l u t i o n  t u  a l low 
bui ldr ip  i n  t h e  c o n c e n t r a t i o n  o f  ammonium s u l f a t e  ( f o r m e d  i n  
t h e  s t r i p p i n g  r eac t ions )  t o  1 - 2  U, t h e  s o l u b i l i t y  of u ran ium 
i n  t h e  aqueous  p h a s e  was l i m i t e d  t o  <5  g / l i t . e r  a n d  ammonium 
u r a n y l  t r i c a r b o n a t e  ( A U T )  p r e c i p i t a t e d  i n  t h e  s t r i p p i n g  s y s t e m ,  
The A U T ,  which s e t t l e d  a n d  f i l t e r e d  r a p i d l y ,  was r e a d i l y  
converted t o  U 3 0 ,  by c a l c i n a t i o n  a t  5 0 0 ° C ,  y i e l d i n g  a h i g h  
a s s a y  ( > 9 7 %  U , 0 8 )  c o n c e n t r a t e  v i r t u a l l y  f r e e  of s o d i u m ,  
molybdenum, a n d  vanadium a 

E s t i m a t e d  r e a g e n t  c o s t s  for 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  were 76 p e r  pound of U 3 0 8 .  
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1 . 0  INTRODUCTION 

T h i s  r e p o r t  d e s c r i b e s  deve lopmen t  of a n  e c o n o m i c a l  s t r i p -  
p i n g  f l o w s h c e t  f o r  t h e  amine  e x t r a c t i o n  ( A m e x )  p r o c e s s  ,l,' 
which  p r o d u c e s  a h i g h  a s s a y  uranium c o n c e n t r a t e  v i r t u a l l y  f r e e  
o f  s o d i u m ,  molybdenum, a n d  vanadium.  The c o n c e n t r a t e  s h o u l d  
be h i g h l y  amenab le  t o  t h e  d i r e c t  r e d u c t i o n - h y d r o f  l u o r i n a t i o n -  
f l u o r i n a t i o n  p r o c e s s 3  3 *  f o r  p r o d u c i n g  UF, u s e d  i n  t h e  A l l i e d  
Chemica l  Company f e e d  p l a n t .  

Uranium is p r e c i p i t a t e d  d i r e c t l y  f rom t h e  s o l v e n t  a s  
ammonium u r a n y l  t r i c a r b o n a t e  ( A U T )  by c o n t a c t i n g  t h e  amine  
e x t r a c t  w i  t1.i a n  aiiimonium carbonate--ammonium s u l f  a l e  s o l u t i o n  
s a t u r a t e d  w i t h  u r a n i u m .  I n  p r i n c i p l e ,  t h e  s t r i p p i n g  p r o c e d u r e  
is i d e n t i c a l  t o  t h a t  d e v e l o p e d  p r e v i o u s l y 5  f o r  r e c o v e r i n g  
u ran ium from d i (  2 - e t h y l h e x y l )  p h o s p h o r i c  a c i d  (Dapex)  e x t r a c -  
t a n t  e x c e p t  t h a t  the l a t t e r  s y s t e m  c o n t a i n e d  no s u l f a t e .  The 
e f f e c t s  of ammonium c a r b o n a t e  a n d  ammonium s u l f a t e  concen-  
t r a t i o n s  o n  u ran ium s o l u b i l i t y  were f i r s t  d e t e r m i n e d ,  a n d  t h e n  
a series of b e n c h - s c a l e  c o n t i n u o u s  tests was made t o  d e f i n e  
optimum o p e r a t i n g  c o n d i t i o n s .  R e a g e n t  c o s t s  were e s t i m a t e d  o n  
t h e  b a s i s  of t h e  c o n t i n u o u s  t e s t s .  

T h i s  s t r i p p i n g  method is a l s o  a p p l i c a b l e  t o  t h e  r e c o v e r y  
of u ran ium from o r g a n o p h o s p h o r u s  es ters ,  e . g . ,  TBP, phos-  
p h o n a t e s .  R e s u l t s  of s t u d i e s  of t h e s e  s y s t e m s  w i l l  be r e p o r t e d  
s e p a r a t e l y .  

Aiia,lyses were made by t h e  Y-12 S e c t i o n  o f  t h e  A n a l y t i c a l  
C h e m i s t r y  D i v i s i o n  under. t h e  d i r e c t i o n  of C .  D .  S u s a n o .  

2 . 0  SOLUBILITY O F  AMMONIUM URANYL THPCARBBNATE (AUT) 

When amines  a r e  s t r i p p e d  o f  uran ium with ammonium 
c a r b o n a t e  s o l u t i o n ,  ammonium s u l f a t e  is formed by r e a c t i o n  w i t h  
amine  s u l f a t e - - u r a n y l  s u l f a t e  ( s e e  e q u a t i o n s  o n  p a  8 ) . The 
ammonium s u l f a t e  c o n c e n t r a t i o n  i n  t h e  s t r i p  s ~ l u t i o n  b u i l d s  
u p  when i t  is r e c y c l e d .  The s o l u b i l i t y  of AUT is d e p e n d e n t  
o n  t h e  t o t a l  s o l u t e  (ammonium c a r b o n a t e  p l u s  ammonium s u l f a t e )  
c o n c e n t r a t i o n ,  a n d  t h u s  AUT c a n  be s a l t e d  o u t  w i t h  r e l a t i v e l y  
low c o n c e n t r a t i o n s  of ammonium c a r b o n a t e ,  I n  b a t c h  s o l u b i l i t y  
s t u d i e s  i n  which t h e  ammonium 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  main-  
t a i n e d  c o n s t a n t  a t  0 . 5  E, t h e  uran ium s o l u b i l i t y  d e c r e a s e d  
f rom -4 .5  Lo -1 g / l i t e r  as the ainmonium s u l f a t e  c o n c e n L r a t i o n  
was i n c r e a s e d  from 0 . 5  t o  2 ( F i g ,  2 . 1 ) .  'The dependence  
o f  t h e  s o l u b i l i t y  on  Lhe t o t a l  s o l u t e  c o n c e n t r a t i o n  was 
e s s e n t i a l l y  i d e n t i c a l  t o  t h a t  r e p o r t e d  p r e v i o u s l y 5  f o r  t h e  
s i m p l e  ammonium c a r b o n a t e  s y s t e m .  I n  t e s t s  i n  which  t h e  t o t a l  
s o l u t e  c o n c e n t r a t i o n  w a s  h e l d  c o n s t a n t  a t  2 ip, t h e  uranium 
s o l u b i l i t y  w a s  - 1 .4  g / l i t e r  and  i n c r e a s e d  <lO"/c a s  t h e  ammonium 
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1 
I 

c a r b o n a t e  c o n c e n t r a t i o n  was v a r i e d  f rom 0 . 2  t o  0 . 8  z: 
C o n c e n t r a t i o n .  M Uranium S o l u b i l  i t v  " >  I -  

( NH4 2 ( NH4 2 g / l i t e r  
0 . 2  1.8 1 . 3 5  
0 . 4  1 . 6  
0 . 6  1 . 4  
0 . 8  1 . 2  

1 . 3 9  
1 . 4 6  
1 . 4 7  

T h e s e  tes ts  were made b y  s h a k i n g  excess s o l i d  AUT w i t h  ammonium 
carbonate--ammonium s u l f a t e  s o l u t i o n s  a t  25OC. The ammonium 
c a r b o n a t e  s o l u t i o n s  were p r e p a r e d  b y  a d d i n g  s u f f i c i e n t  ammonium 
h y d r o x i d e  t o  a s o l u t i o n  of commercial ammonium c a r b o n a t e  t o  g i v e  
a n  ammonium/carbonate  r a t i o  of 2/1. E q u i l i b r i u m  w a s  r e a c h e d  
f a i r l y  r a p i d l y  i n  t h e  s o l u b i l i t y  tests s i n c e  a n a l y s e s  a t  1, 7 ,  
a n d  1 0  d a y s  were n e a r l y  i d e n t i c a l .  T h e s e  s o l u b i l i t y  v a l u e s  
a r e  s l i g h t l y  lower t h a n  t h o s e  o b t a i n e d  i n  c o n t i n u o u s  r u n s  
( S e c .  5 . 0 ) ,  i n d i c a t i n g  t h a t  e q u i l i b r i u m  was n o t  r e a c h e d  i n  
t h e  r e l a t i v e l y  s h o r t  c o n t a c t  times of t h e  c o n t i n u o u s  tests. 

UNCLASSIFIED 
ORNL-LR-DWG. 55417 

1 1.5 2 2.5 

TOTAL SOLUTE CONCENTRATION, 

F i g .  2 . 1 .  S o l u b i l i t y  of AUT i n  (NH4)zC03--(NH4)zS0,  
s o l u t i o n s  a t  2 5 ' C .  ( N H 4 ) 2 C 0 3  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  a n d  (NH4)zS04 c o n c e n t r a t i o n  v a r i e d  
f rom 0 . 5  t o  2 E. 
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3 . 0  CALCINATION OF AMMONIUM URANYL TRICARBONATE 

E a r l i e r  work5 showed t h a t  ammonium u r a n y l  t r i c a r b o n a t e  w a s  
r e a d i l y  decomposed t o  u ran ium o x i d e  by c a l c i n a t i o n .  H e a t i n g  
f o r  1 - 2  h r  a t  250°C l o w e r e d  t h e  carbonate  c o n t e n t  of a i r - d r i e d  
AUT (12.476 NH,, 51.7'3, U 3 0 8  ? 34.1"/c, CO,)  below t h e  s p e c i f i c a t i o n  
l i m i t  (4'7' b a s e d  o n  U 3 0 8 )  f o r  u ran ium c o n c e n t r a t e s  ( T a b l e  3 . 1 )  . 
P r o d u c t s  c o n t a i n i n g  > 9 7 7 ~  U , 0 8 ,  <O.O5"/c NH, a n d  < O . S " / ( ,  CO, were 
o b t a i n e d  by c a l c i n a t i o n  for 1-2 h r  a t  500°C. I t  s h o u l d  be 
n o t e d  t h a t  t h e  AUT p r o d u c t  f rom t h e  A m e x  p r o c e s s  would p r o b a b l y  
be c o n t a m i n a t e d  t o  some e x t e n t  w i t h  o c c l u d e d  ammonium s u l f a t e ,  
a n d  a s l i g h t l y  h i g h e r  c a l c i n a t i o n  t e m p e r a t u r e  (ammonium s u l f a t e  
decomposes a t  513°C) m i g h t  b e  needed  t o  e l i m i n a t e  s u l f a t e .  

T a b l e  3 . 1  Thermal  Decompos i t ion  of Ammonium 
U r a n v l  T r i c a r b o n a t e a  

C a  I e i na t i o n  
Temp. T i m e ,  A n a l y s i s ,  70 

" C  h r  F i n a l  Color  U 3 0 ,  NH 3 C 0 3  

A i r - d r i e d  - 
1 1 0  2 

24  

250 1. 
2 

325 1 

4 0 0  1 . 2 5  

2 . 5  

2 

500  1 
2 

Y e l l o w  
L i g h t  o r a n g e  

Ol.arlgf3 
Orange  

Orange  -brown 
Orange  -brown 

Orange  -brown 
Orange-brown 

B l a c k  
B l a c k  

5 1 . 7  1 2 . 4  3 4 . 1  

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

9 0 . 1  1 . 4  2 . 2  
90.9 0 . 9  2 . 1  

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

94.9 0 .02  1 . 0  
9 4 . 9  0 . 0 4  1 . 2  

9 7 . 3  0 .02  0 . 4 0  
9 8 . 2  0 . 0 2  0 . 2 8  

Same d a t a  a s  r e p o r t e d  i n  ORNE-2952. a 

4 . 0  PROPOSED PROCESS 

I n  t h e  p r o p o s e d  p r o c e s s  ( F i g .  4 . 1 ) ,  u ran ium i s  s t r i p p e d  
from t h e  e x t r a c t  i n  the f i r s t  s t r i p p i n g  s t a g e  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  a s  AUT by c o n t a c t  ( o r g a n i c - c o n t i n u o u s  m i x i n g )  
w i t h  a r e c y c l e  ammonium carbonate--ammonium s u l f a t e  s o l u t i o n  
s a t u r a t e d  w i t h  u r a n i u m .  The p r e c i p i t a t e  s l u r r y  is pumped from 
t h e  bottom of t h e  f i r s t - s t a g e  se t t le r  t o  a r e s e r v o i r  where  t h e  
AUT s e t t l e s  r a p i d l y  a n d  is pumped a s  a t h i c k  s l u r r y  t o  a f i l t e r .  
The f i l t e r  c a k e  is washed w i t h  a s m a l l  volume of 1 & N N 4 0 H  a n d  
c a l c i n e d  t o  remove ammonia a n d  c a r b o n  d i o x i d e .  The f i l t r a t e  
a n d  t h e  s u p e r n a t a n t  f rom t h e  se t t le r  a re  r e c y c l e d  t o  t h e  f i r s t  
s t r i p p i n g  s t age  a f t e r  f o r t i f i c a t i o n  w i t h  ammonia a n d  c a r b o n  
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UNCLASSIFIED 
OR N L -L R - DW G 54569 

Recycle solution 
- 0 . 3  L ' W ( N H ~ ) ~ C O ~  - 2 M(NH4)2S04 

'3O8 

Fig. 4.1. Ammonium carbonate stripping process. 



d i o x i d e .  Amoniuvll s u l f a t e  and molybdenum accumu1aLe i n  t h e  
r e c y c l e  s o l u t i o n  and  are removed i n  a small  b l e e d  s t ream, t h e  
amount of b l e e d  b e i n g  a d j u s t e d  t o  con-trol. t he  amo~iiul i i  s u l f a t e  
c o n c e n t r a t i o n  a t  a l e v e l  (1.5-2 h!) t h a t  l i m i t s  u r an ium 
s o l u b i l i t y  ( S e c .  2 , O )  t o  1 - 2  g / l i t e r .  Dilu-Le ( - 0 . 5  E) ammoni.um 
c a r b o n a t e  s01ut ; ion  is f e d  a t  a low flow r a t e  t o  t h e  second 
s t r i p p i n g  s t a g e ,  t h e  function of this s t a g e  b e i n g  p r i m a r i l y  t o  
s c rub  e n t r a i n e d  u r a n i u m  from t h e  soll.ven'i stream. I n  order t o  
m i n i m i z e  aqueous e n t r a i n m e n t  i n  t h e  r e c y c l e  s o l v e n t ,  mixing  
i n  t h e  s e c o n d  s t a g e  is  c o n t r o l l e d  a q u e o u s - c s n t i n u o u s  by re-- 
c y c l i n g  aqeresus from t h e  s e t t l e r  t o  t h e  mixer. 

S t o i c h i o m e t r i c  c h e m i c a l  r e q u i r e i i i e n t s  f o r  s t r i p p i n g  and  
precipiLatPon a r e  1* mole of ammonia p e r  mole of amine  p l u s  6 
moles of amimaia a n d  3 moles of c:arbon d i o x i d e  per  mole of 
u r a n i  rim r e c o v e r e d :  

a n d  

( T h 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  the ~ r g a n i e  p h a s e )  . 
R e q u i r e m e n t s  i n  p r a c t i c e  a r e  5-107k h i g h e r  than s t o i c h i o m e t r i c  
t o  compensate f o r  losses t o  the b l e e d  s o l u t i o n  and by e n t r a i n -  
ment of s t r i p  s o l u t i o n  i n  t h e  s o l v e n t .  

5 .  0 CONTINIJOIJS TESTS 

ConLinuous tests were made i n  b e n c h - s c a l e  mixer -se t t le r  
e q u i p m e n t  w i t h  s y n L h e t i c  Peach liquors t o  d e m o n s t r a t e  o p e r a -  
t i o n a l  f e a s i b i l i t y  of t h e  p r o c e s s  and t o  e s t a b l i s h  reagent  
cos t s .  S t r i p p i n g  'nlas e f x e c k i v c  a n d ,  e x c e p t  for a m i n o r  problem 
which  e v e n t u a l l y  was r e s c l v e d ,  p h y s i c a l  opcsatiorn of t h e  
stripping c i r c u i t  was s a t i s f a c t o r y .  H i g h l y  e f f e c t i v e  s e p a r a t i o n  
from m o l y b d c n ~ ~ m  was o b t a i n e d  i n  t h e  p r e c i p i t a t i o n  s t e p . ,  

I n  a l l  tes ts  t h e  orgarnic p h a s e  c o n s i s t e d  of -0 .06  111 Alamine  
336** i i l  kerosene B o d i f i e d  w i t h  2 vol. 70 t r i d e c a n s l .  Presurna,hPy, 
o ther  tez.ti.ary arnines  e . g .  Ainberlite X E - - 2 0 4 ,  tri( i s o - o c t y l )  - 
a m i n e ,  2nd c e r t a i n  s e c o n d a r y  a m i n e s ,  e . g ,  Amine S-24,  A m b e r l i t e  
L A - 1 ,  would p e r f o r m  s i m i l a r l y ,  a l t h o u g h  ammonia c o n s u m p t i o n  

_yu_._. .. . . . . ., ._1 . .  11_--_ .,..-.,....-.. 
"Negl-ects t h e  poss ib l e  presence of amine bPs .uPPate  salt, which 

would b e  smal l  i a  amount when t h e  amine is l o a d e d  w i t h  u r a n i u m .  

**Tert ia ,n-y a m i n e  ( c o m m e r c i a l l y  a v a i l a b l e  from G e n e r a l  M i l l s )  
with m.i.xed n - o c t y l  aiid 2 - d e c y l  a l k y l s .  
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i 

would b e  s l i g h t l y  h i g h e r  w i t h l t h e  l a t t e r  amine  c lass  owing  t o  
t h e i r  lower u ran ium c a p a c i t y .  P h y s i c a l  o p e r a t i o n  of t h e  
e x t r a c t i o n  c i r c u i t  ( 3  s t ages )  w a s  s a t i s f a c t o r y  i n  a l l  r u n s  and  
l o w - u r a n i u m - c o n c e n t r a t i o n  r a f f i n a t e s  (<0.001 g of uranium p e r  
l i t e r )  were c o n s i s t e n t l y  o b t a i n e d .  Only  a l i m i t e d  number o f  
e x t r a c t i o n  d a t a  were o b t a i n e d  s i n c e  t h e  f u n c t i o n  of t h e  
e x t r a c t i o n  s y s t e m  w a s  s i m p l y  t o  p r o v i d e  e x t r a c t  f o r  t h e  s t r i p -  
p i n g  s t u d i e s .  P r i o r  t o  s t r i p p i n g ,  t h e  e x t r a c t  was s c r u b b e d  
i n  a s i n g l e  stage w i t h  o n e - f i f t h  i ts volume of water, 
p r i m a r i l y  t o  remove a n y  e n t r a i n e d  l i q u o r .  The water s c r u b  
had  t h e  a d d i t i o n a l  a d v a n t a g e  of r emov ing  a small  amount of 
e x t r a c t e d  s u l f u r i c  ac id  from t h e  s o l v e n t ,  which  s l i g h t l y  
d e c r e a s e d  ammonia r e q u i r e m e n t s  f o r  s t r i p p i n g .  

Run 1 (-17 h r  d u r a t i o n * l .  Uranium w a s  >99.970 r e c o v e r e d  
from a s y n t h e t i c  feed l i q u o r  ( c o n t a i n i n g ,  i n  grams p e r  l i t e r ,  
2 . 7  U, 1 V(1V) , 0 .12  Mo, 2 F e ( I I I ) ,  1 F e ( I I ) ,  2 A l ,  1 PO4, 
a n d  30 SO, a t  pH 1) u s i n g  l i q u o r / o r g a n i c / w a t e r  s c r u b  f l o w  
r a t i o s  of 1 /1 /0 .2 .  Based  o n  feed l i q u o r  and  e x t r a c t  a n a l y s e s ,  
>9070 of t h e  molybdenum a l so  was e x t r a c t e d .  

The  s t r i p p i n g  s y s t e m  ( F i g .  5 .1 )  i n c l u d e d  two m i x e r -  
se t t le r  u n i t s  a n d  a r e s e r v o i r  for d e c a n t i n g  t h e  r e c y c l e  
s o l u t i o n  from t h e  AUT p r o d u c t  a n d  f o r  d i s s o l v i n g  makeup 
ammonia and  c a r b o n  d i o x i d e .  B o t h  t h e  f irst  s tage s e t t l e r  and  
t h e  r e s e r v o i r  had  c o n i c a l  bottoms t o  f a c i l i t a t e  d i s c h a r g e  of 
s o l i d s .  A t  s t a r t u p  t h e  a q u e o u s  i n  t h e  f i rs t  s t r i p p i n g  s t age  
a n d  i n  t h e  r e s e r v o i r  w a s  0 . 2 5  (NH,) 2C0, -1.25 3 (NH,  ) SO, 
s o l u t i o n  which  had  b e e n  s p i k e d  w i t h  1 0  g of molybdenum (added 
a s  ammonium m o l y b d a t e )  p e r  l i t e r  i n  o r d e r  t o  s p e e d  a t t a i n m e n t  
o f  s t e a d y - s t a t e  c o n d i t i o n s .  The ammonium c a r b o n a t 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  was m a i n t a i n e d  i n  t h e  r a n g e  0 .25-  
0 .35  for t h e  f irst  half  of t h e  r u n  a n d  t h e n  i n c r e a s e d  t o  
0 .65 -0 .8  f o r  t h e  b a l a n c e  of t h e  r u n .  The s u l f a t e  c o n c e n t r a -  
t i o n  decreased from i ts  i n i t i a l  v a l u e  of 1 . 2 5  t o  0 . 9  a t  t h e  
c o n c l u s i o n  of t h e  r u n .  Under  t h e s e  c o n d i t i o n s ,  t h e  u ran ium 
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  r a n g e d  2 .6 -3 .9  g / l i t e r :  

Run A n a l y s i s  of R e c y c l e  S o l u t i o n "  
M Time,  g / l i t e r  - 

h r  U Mo NH4 COj SQ4 
3 3 . 2  8 . 8  3 . 0 4  0 . 2 7  
5 3 . 6  8 . 2  3 . 0 4  0 . 2 8  1.1 
7 3 . 0  7.4 3 . 2 1  0 .28  1.1 
9 2 . 6  7 . 2  3 . 6 0  0 .79  1.1 

11 2 . 8  7 . 0  3 . 9 0  0 . 7 4  1.1 
13 3 . 6  5 . 6  4 . 1 5  0 . 6 5  1.1 
1 5  3 . 9  5 . 9  3 . 6 5  0 .63  0 . 9  
1 7  2 . 7  5 . 5  3 .92  0 . 6 6  0 . 9  

XpH r a n g e  8 .7-9 .4  

* T h i s  w a s  t h e  t o t a l  r u n  t i m e  r a t h e r  t h a n  t h e  c o n t i n u o u s  s p a n  
of t h e  r u n  s i n c e  t h e  s y s t e m  was o p e r a t e d  o n l y  on  t h e  d a y  s h i f t .  
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Extract, 75 mI/min 

B I eed - 2 mI/min +-- 
Recycle Solutio - 25 ml/min 

U NCLASSI FI ED 
ORNL-LR-DWS 54570 

0.5 M(NH4)2C03 Aqueous recycle, 

--a - 25 rnl/min 

Th i cke ned 
AUT slurry 
to f i l ter  

Reservoir 

= microbellows pump 

Ip21 = finger pump 

Working 
Vol, ml 

First stage mixer 1200 

Second stage settler 1100 

First stage settler 1900 
Second stage mixer 75 0 

Reservoir 4000-5000 

Fig. 5.1. Stripping system for run 1. 
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S t r i p p i n g  of b o t h  u ran ium a n d  molybdenum was e s s e n t i a l l y  com- 
p l e t e  i n  t h e  f i r s t  s t a g e ,  f i l t e r e d  o r g a n i c  s a m p l e s  f rom t h e  
s e t t l e r  a n a l y z i n g  < 0 . 0 0 5  g / l i t e r  u ran ium and  molybdenum. An 
a p p r e c i a b l e  f r a c t i o n  (5-1070) of t h e  u ran ium p r e c i p i t a t e ,  
however ,  w a s  c a r r i e d  i n t o  t h e  s e c o n d  s tage b y  t h e  s o l v e n t .  
T h i s  p r e c i p i t a t e ,  u n l i k e  t h e  no rma l  r a p i d - s e t t l i n g  AUT, was o f  
e x t r e m e l y  f i n e  p a r t i c l e  s i ze  a n d  w a s  d i s p e r s e d  f a i r l y  
u n i f o r m l y  i n  t h e  o r g a n i c  p h a s e .  A n a l y s i s  of t h e  p r e c i p i t a t e  
showed i t  w a s  n o t  AUT b u t  r a t h e r  a u ran ium ammonium s u l f a t e  
p r e c i p i t a t e  c o n t a i n i n g  some molybdenum: 

Prec ip i ta te  A n a l y s i s ,  70 
U 37 .7  

1 2 . 6  
3 3 . 1  

1 . 0  
1 . 6  

Most o f  t h i s  p r e c i p i t a t e  d i s so lved  i n  t h e  a q u e o u s  p h a s e  i n  t h e  
s e c o n d  s t r i p p i n g  s t a g e  b u t  p a r t  of it a c c u m u l a t e d  i n  t h e  s o l v e n t  
r e c y c l e  l i n e  or w a s  carried b a c k  i n t o  t h e  e x t r a c t i o n  s y s t e m .  
A l t h o u g h  t h i s  d i d  n o t  a d v e r s e l y  a f f e c t  p h y s i c a l  o p e r a t i o n  of 
t h e  s t r i p p i n g  c i r c u i t  or r e c o v e r i e s  i n  t h e  e x t r a c t i o n  s y s t e m ,  
i t  was c o n s i d e r e d  u n d e s i r a b l e  a n d  c o n s i d e r a b l e  s t u d y  (see r u n s  
2 a n d  3) w a s  s u b s e q u e n t l y  d i r e c t e d  t o w a r d  e l i m i n a t i n g  t h e  
c o n d i t i o n .  

Wi th  t h e  e x c e p t i o n  of t h e  problem m e n t i o n e d  a b o v e ,  p h y s i c a l  
o p e r a t i o n  of t h e  s t r i p p i n g  c i r c u i t  w a s  h i g h l y  s a t i s f a c t o r y .  
The c r y s t a l l i n e  AUT s e t t l e d  a n d  f i l t e r e d  r a p i d l y  and  e n t r a i n m e n t  
of s o l v e n t  i n  t h e  P r e c i p i t a t e  s l u r r y  was n e g l i g i b l e .  R e s u l t s  
d i d  n o t  a p p e a r  t o  be i n f l u e n c e d  a t  a l l  by t h e  r e l a t i v e l y  l a r g e  
v a r i a t i o n s  i n  r e c y c l e  s o l u t i o n  c o m p o s i t i o n  and  pH d e s c r i b e d  
a b o v e .  The p r e c i p i t a t e ,  a f t e r  b e i n g  washed w i t h  a s m a l l  amount 
o f  1 @ NH40H a n d  a i r - d r i e d ,  c o n t a i n e d  ammonia,  u r a n i u m ,  a n d  
c a r b o n a t e  i n  t h e  mole r a t i o s  of 3 .97 /1 /3 .05 .  C a l c i n a t i o n  f o r  
2 h r  a t  500°C y i e l d e d  a p r o d u c t  c o n t a i n i n g  99”IG U 3 0 8  a n d  o n l y  
0.0170 Mo: 

A n a l y s i s ,  7’~ 
A i r - D r i e d  P r o d u c t  C a l c i n e d  P r o d u c t  

- 

44.8 
1 2 . 7  
34 .5  

0 . 0 0 2  
0.004 

c o . 0 2  
0 . 1 3  

83 .9  ( 99.0% U, 0, ) 
c o . 0 1  

0 . 6  
0 . 0 1  
0 .012  
0 .015  
0 . 0 2 3  

<o. 02  
0 . 2 3  
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S e p a r a t i o n  f ro=  molybdenum i n  t h e  p r e c i p i t a t i o n  s t e p  w a s  h i g h l y  
e f f e c t i v e  s i n c e  t h e  f i n a l  p r o d u c t  c o n t a i n e d  <0.3?0 of t h e  
molybdenum t h a t  e n t e r e d  t h e  s t r i p p i n g  s y s t e m  i n  t h e  e x t r a c t .  

Run 2 ( 8 3  hr d u r a t i o n ) .  P r i o r  t o  r u n  2 ,  t h e  s t r i p p i n g  
s y s t e m  w a s  d r a i n e d  and  c l e a n e d  of p r e c i p i t a t e .  To  s i m p l i f y  
t h e  system, molybdenum was o m i t t e d  f rom t h e  f e e d  1.iquar 
( o t h e r w i s e  t h e  l i q u o r  c o m p o s i t i o n  was t h e  same a s  i n  r u n  1) and  
t h e  r e c y c l e  s o l u t i o n .  The l a t t e r  s o l u t i o n  a t  s t a r t u p  
c o n t a i n e d  2 . 9 3  NHI, , 0 . 5 3  &I- C O ,  , a n d  1 SO,.  

A number of v a r i a t i o n s  were t r i e d  t o  m i n i m i z e  or p r e v e n t  
f o r m a t i o n  o f  t h e  unwanted  u ran ium ammonium s u l f a t , e  p r e c i p i t a t e  
d e s c r i b e d  u n d e r  r u n  1. F o r  p a r t  of t h e  r u n ,  m i x i n g  i n  t h e  
f i r s t  s t a g e  w a s  c o n t r o l l e d  a q u e o u s - c o n t i n u o u s  by i n c r e a s i n g  tk 
f l o w  of r e c y c l e  s o l u t i o n  t o  7 5  m l / m i n  and  r a i s i n g  t h e  i n t e r f a c e  
i n  t h e  s e t t l e r  a b o v e  t h e  l i n e  c o n n e c t i n g  i t  t o  t h e  mixer  
( t o  a l low a q u e o u s  r e c y c l e  t h r o u g h  t h i s  l i n e )  . S u r p r i s i n g l y ,  
p h a s e  s e p a r a t i o n  a p p e a r e d  no  worse w i t h  a q u e o u s - c o n t i n u o u s  
m i x i n g  t h a n  had b e e n  o b t a i n e d  p r e v i o u s l y  w i t h  organic-  
c o n t i n u o u s ,  b u t  e n t r a i n m e n t  of p r e c i p i t a t e  i n  t h e  s o l v e n t  was 
n o t  d e c r e a s e d  by t h i s  p r o c e d u r e .  Decrease of t h e  o r g a n i c  
f l o w  r a t e  t o  5 0  anl./min t o  i n c r e a s e  r e s i d e n c e  time i n  t h e  m i x e r ,  
i n c r e a s i n g  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  ( t o  -1 e 5 M) and 
d e c r e a s i n g  t h e  SUI-fate c o n c e n t r a t i o n  ( t o  < O .  2 Id) i n  . the  r e c y c l e  
s o l u t i o n ,  and  v a r y i n g  t h e  r e c y c l e  s o l u t i o n  pH a1.1. had no  
a p p r e c i a b l e  a f f e c t  o n  t h e  amount of p r e c i p i t a t e  f l o a t e d  i n  the 
s o l v e n t .  

S i n c e  ba t ch  tests i n d i c a t e d  t h a t  t h e  p r e c i p i t a t e  would 
r e d i s s o l v e  i n  d i l u t e  ammonium c a r b o n a t e  i f  g i v e n  s u f f i c i e n t  
t i m e ,  a t t e n t i o n  was d i v e r t e d  to  t h e  second  s t r i p p i n g  s tage .  
Removal of e n t r a i n e d  p r e c i p i t a t e  from t h e  s o l v e n t  was 
i n c o m p l e t e  when t h e  a q u e o u s  f e e d  t o  the s e c o n d  s tage c o n t a i n e d  
0 . 2 5  yI (NH4),C0,, 0 . 5  & (NH4),C03, 0 . 5  .M ( N H 4 ) , C O , - - 8 . 3  M 
NH,OH, or 0 . 5  M (NH4),C03--0.5 NH,OH a l t h o u g h  r e d i s s o l u t i o n  
of uran ium appeared t o  be more e f f i c i e n t  w i t h  t h e  l a l t e r  t w o  
s o l u t i o n s .  H e a t i n g  t he  s e c o n d  s t a g e  Lc9 40-50OC was bene -  
f i c i a l  $ as w a s  a d d i n g  a t h i r d  s t r i p p i n g  s t a g e ,  b u 1  i n  a l l  
cases ,  a s m a l l  amount of p r e c i p i t a t e  was still p r e s e n t  i n  t h e  
s o l v e n t  r e c y c l e d  t o  t h e  e x t r a c t i o n  s y s t e m ,  B e s t  r e s u l t s  w e r e  
o b t a i n e d  i n  t h e  two-stage sys t em by greatly i n c r e a s i n g  t h e  
r e s i d e n c e  t i m e  i n  t h e  s e c o n d - s t a g e  mixer. This; was done  b y  
a d d i n g  sever i x e r s  in series to the orig inal  mixer. With a 
r e s i d e n c e  t i  a m b i e n t  t e m p e r a t u r e s )  of 45 -60  m i r h  i n s t e a d  of 
t h e  o r i g i n a l  -10 m i n ,  p r e c i p i t a t e  was e s s e n t i a l l y  c o m p l e t e l y  
removed from t h e  s o l v e n t ,  o n l y  a smal l  amount of p r e c i p i t a t e  
accumu2ating i n  t h e  s o l v e n t  r e c y c l e  l i n e .  A c o n s i d e r a b l e  
p o r t i o n  of t h e  u ran ium p r e c i p i t a t e  t h a t  was d i s s o l v e d  f r o m  t h e  
s a l v e i i t  i n  the  s e c o n d  stage r e p r e c i p i t a t e d  a s  AUT and 
a c c u m u l a t e d  i n  t h e  bottom of t h e  s e c o n d - s t a g e  s e t t l e r ,  s u g g e s t -  
i n g  t h a L  a cone-bottom rather t h a n  ;I f l a t - b o t t o m  se t t l e r  
would be p r e f e r a b l e  f o r  t h i s  s t a g e .  
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P r e c i p i t a t e  f i l t e r e d  f rom t h e  f i r s t  s t a g e  s o l v e n t  w a s  
s i m i l a r  i n  a n a l y s i s  t o  t h a t  o b t a i n e d  i n  r u n  1 e x c e p t  t h a t  i t ,  
of c o u r s e ,  c o n t a i n e d  no molybdenum: 

P r e c i p i t a t e  A n a l y s i s ,  70 
U 3 2 . 4  
NH3 1 4 . 5  

C03 0 . 7  
so4 4 3  

Run 3 ( 2 5  hr d u r a t i o n ) .  I n  b a t c h  c o n t a c t s  s i m u l a t i n g  t h e  
f i r s t  s t r i p p i n g  s t a g e ,  no p r e c i p i t a t e  w a s  f o u n d  f l o a t i n g  i n  t h e  
s o l v e n t  e v e n  w i t h  contac t  times as l o w  a s  5 m i n .  I t  w a s  
s u s p e c t e d  t h a t  e x c e s s i v e  r e c y c l e  o f  o rganic  f rom t h e  s e t t l e r  
t o  t h e  mixer t h r o u g h  t h e  c o n n e c t i n g  l i n e  ( F i g .  5 . 1 )  w a s  
s e v e r e l y  l i m i t i n g  t h e  a q u e o u s  r e s i d e n c e  t i m e  i n  t h e  mixer .  
C o n s e q u e n t l y ,  i n  r u n  3 ,  t h e  mixer was r e p l a c e d  w i t h  a n  over-  
f l o w  t y p e  m i x e r  of e q u i v a l e n t  vo lume ,  g i v i n g  a mixe r  r e s i d e n c e  
t i m e  for b o t h  p h a s e s  of -18 min. T h i s  change  c o m p l e t e l y  
e l i m i n a t e d  f o r m a t i o n  o f  t h e  t r o u b l e s o m e  p r e c i p i t a t e ,  and  
p h y s i c a l  p e r f o r m a n c e  t h r o u g h o u t  t h e  r u n  w a s  s a t i s f a c t o r y  i n  a l l  
r e s p e c t s .  

The f e e d  l i q u o r  for run 3 had  t h e  same c o m p o s i t i o n  ( 2 . 7  g 
U a n d  0 . 1 2  g Mo p e r  l i t e r )  a s  i n  r u n  1. T h r e e  d i f f e r e n t  
b a t c h e s  of p r o d u c t  ( T a b l e  5 . 1 )  w i thd rawn  f rom t h e  s y s t e m  i n  t h i s  
r u n  c o n t a i n e d  >98ulc U 3 0 8  , <O. 047G Mo, < O .  00!jL7~ V ,  < O .  0170 F e ,  
<0.370 NH, , < 1 . 2 %  S O 4 ,  and  C l . 5 7 0  CO, . 

T a b l e  5 . 1  A n a l y s i s  of Uranium P r o d u c t s  f rom Run 3 

C a l c i n e d  ( 2  h r  a t  5 0 0 ° C )  P r o d u c t  A n a l y s i s ,  70 
1 2 3 

u3 '8 98 .5  9 8 . 7  9 8 . 0  
Mo 0 . 0 3 3  0 .002  0 . 0 0 5  
v 0.003 0 .003 0.002 
Fe 0 .002  0.004 0.007 
A 1  0 . 0 1  < 0 . 0 1  0 . 0 6  

co3 0 . 2 5  1 . 4  0 . 3 5  
so4 1.1 0 . 0 8  0 . 0 3  
PO4 0.034 0 . 0 3 3  0 .023  

NH3 < o .  01  0 . 0 8  0 . 2 2  

H N 0 3  - - i n s o l u b l e  U 0 .0008  0 . 0 0 0 2  0 . O O l C  
LOSS o n  i g n i t i o n  ( ~ O O O " C )  - 1 . 2  - 

Run 4 .  A 51-hr  d e m o n s t r a t i o n  r u n  w a s  t h e n  made u s i n g  the 
o v e r f l o w  mixer i n  t h e  f i r s t  s t r i p p i n g  s t a g e  and  t h e  equ ipmen t  
a r r a n g e m e n t  a n d  s o l u t i o n  f l o w s  shown i n  F i g .  5 . 2 .  P h y s i c a l  
p e r f o r m a n c e  t h r o u g h o u t  t h e  r u n  w a s  s a t i s f a c t o r y  and  no f o r m a t i o n  
o f  p r e c i p i t a t e  t h a t  f l o a t e d  i n  t h e  o r g a n i c  w a s  o b s e r v e d .  
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Extract, 50 rnl/rnin 

Bleed - I rnl/mi 

U NCLASSI Fi ED 
ORNL-LR-DWG 54571 

Aqueous recycle 
in 

Stripped organic P to extractor 

I 

Working 
Vol. rnl 

F i rs t  stage mixer 1200 
First stage settler 1 900 

1200 
1 900 

Precipitate slurry 
S e c ~ n d  stage mixer 
Second stage settler 
Reservoir (not shown) 4000-5000 

Recycle so I u t ion 
from reservoir to reservoir - 17 ml/rnin - 19 rnI/min 

Fig. 5.2. Stripping system for run 4. 



-1.5- 

For  t h e  f i r s t  36 h r ,  t h e  f e e d  l i q u o r  was o f  the  same 
c o m p o s i t i o n  ( 2 . 7  g U a n d  0 .12  g Mo p e r  l i t e r )  a s  i n  r u n  1 b u t ,  
for t h e  b a l a n c e  of t h e  r u n ,  t h e  molybdenum c o n c e n t r a t i o n  w a s  
i n c r e a s e d  t o  0 . 2 4  g / l i t e r .  A l l  r a f f i n a t e  s a m p l e s  a n a l y z e d  
<0.0005 g o f  u ran ium p e r  l i t e r ,  e q u i v a l e n t  t o  >99.97G u ran ium 
r e c o v e r y .  

The r e c y c l e  s o l u t i o n  a t  s t a r t u p  was 0 . 2 5  g (NK4),C0,--2 M 
(NH,),S04 c o n t a i n i n g  1 0  g of molybdenum p e r  l i t e r .  The b l e e d  
was set a t  -1 ml/min ( 2 y ~  of t h e  o r g a n i c  f l o w  r a t e ) ,  wh ich  
m a i n t a i n e d  t h e  s u l f a t e  c o n c e n t r a t i o n  i n  t h e  r a n g e  1 . 7 - 2  M and  
l i m i t e d  t h e  u ran ium 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  t o  
-1 .5  g / l i t e r  ( T a b l e  5 . 2 ) .  S t r i p p i n g  of  uranium a n d  molybdenum, 
b a s e d  o n  a n a l y s i s  of f i l t e r e d  s o l v e n t  s a m p l e s ,  w a s  e s s e n t i a l l y  
c o m p l e t e  i n  t h e  f i r s t  s t r i p p i n g  s tage .  Some u ran ium a c c u m u l a t e d ,  
h o w e v e r ,  i n  t h e  s e c o n d  s t r i p p i n g  s tage ,  s u g g e s t i n g  t h a t  t h e  
somewhat murky ( d u e  t o  e n t r a i n m e n t  of a q u e o u s )  s o l v e n t  e n t e r i n g  
t h i s  s t age  may h a v e  c o n t a i n e d  a small  amount  of d i s p e r s e d  
p r e c i p i t a t e  e v e n  t h o u g h  none  was v i s i b l e .  The s o l v e n t  l e a v i n g  
t h e  s e c o n d  s t r i p p i n g  s t a g e  w a s  much c l ea re r ,  s h o w i n g  d e c r e a s e d  
e n t r a i n m e n t ,  and  was a p p a r e n t l y  d e v o i d  of p r e c i p i t a t e  s i n c e  
t h e r e  w a s  no  a c c u m u l a t i o n  i n  t h e  s o l v e n t  r e c y c l e  l i n e .  Aqueous 
e n t r a i n m e n t  i n  t h e  s o l v e n t  r e c y c l e d  t o  t he  ex t r ac to r  w a s  e s t i m a t e d  
a t  o n l y  1-3 ml / l i t e r ,  so  t h a t  l o s s  of s t r i p p i n g  r e a g e n t  by t h i s  
mechanism was n e g l i g i b l e  f r o m  a cost  s t a n d p o i n t .  

D u r i n g  p a r t  o f  t h e  r u n ,  t h e  t e m p e r a t u r e  i n  t h e  f i r s t  s t r i p -  
p i n g  stage w a s  m a i n t a i n e d  a t  -4OoC,  w h i c h  s l i g h t l y  improved  
p h y s i c a l  o p e r a t i o n  and  s o l v e n t  clarity t h r o u g h o u t  t h e  s y s t e m .  

U n l i k e  t h e  Dapex s y s t e m ,  where  slow a c c u m u l a t i o n  of AUT a s  
a t e n a c i o u s  sca le  o n  g l a s s  ( b u t  n o t  P l e x i g l a s )  e q u i p m e n t  w a s  a 
p r o b l e m ,  t h e  AUT fo rmed  i n  t h e  Amex s y s t e m  showed no t e n d e n c y  
t o  a d h e r e  t o  e i t h e r  g l a s s  or p l a s t i c  e q u i p m e n t .  

The AUT p r o d u c t  ( T a b l e  5 . 3 ) ,  c o l l e c t e d  i n  t h r e e  i n c r e m e n t s ,  
c o n t a i n e d  >97”i, U 3 0 , ,  c O . 0 7 7 ~  MO, <0.005”,k V ,  < O . O l ” k ,  F e y  <0 .01% NH, , 
<O. 3y0 COS , and  <1.47G SO4 . 

T a b l e  5 . 3  A n a l y s i s  of P r o d u c t s  f rom Run 4 

Calcined ( L  h r a t  500-C)  P roduct A n a l y s i s ,  $ 
1 2 3 

u3 0 8  9 7 . 0  97.6 98.4 
Mo 0 . 0 6 6  0.013 0.008 
v < O s  005 <O. 005 <O. 005 
Fe 0.002 0 .003 0 . 0 0 5  
A 1  0.004 0 . 0 0 2  0.004 
NH3 <o. 01 <o. 01 <o. 01 
co3 
so4 
PO4 

0 .  os 0.16 0 . 2 9  
1.38 0.30 0.18 
0.031 0.044 0 . 0 3 9  

0 . 0 0 0 0 8  HNO, - - inso luble  U 0.00004 0 .00005 
LOSS on ignition ( ~ O O O o ~ )  2 . 8  2 . 3  1.5 



T a b l e  5 . 2  Data f o r  Contini\ous Run 4 

Feed l i q u o r :  s y n t h e t i c  leach liquor c o n t a i n i n g  g / i i t e r ,  2 . 7  U, 3 . 1 2 - 0 . 2 4  X o ,  

O r g a n i c :  0 . 0 6  ”. Alaniine 3 3 6  i n  k e r o s e n e  2 voP % t r idecanol  
L i q u o r ,  organic, and water  scrub f lows  of 5G, 5 0 ,  a n d  1 0  rnl/rnin r e s p e c t i v e l y ;  
operation of s t r i p  c i r c u i t  shown in Fig. 5 . 2  R u n -  O r g a n i c  A n a l y s i s ,  g / l i t e s  A q u e o u s  A n a l y s i s  

1 t ’ : IV j ,  2 F e ( l I l ) ,  L F e ( l I j ,  2 k l ,  1 P O 4 ,  and 30 SO4 a t  pE 1 

_____I__ 

lli: T i n e ,  g/l i tes - 
Sarfqled fro% hr G Mo u hl 0 NH, c(3, s 0 4  
Extraction Systerr, 

Stage I 27 
5 1  

2 . 8  
2 . 8  

0 . 2 9  
0 . 2 0  

0 . 0 5  
0 . 0 3  

0 . 2 1  
0 . 1 7  

0 . 0 3 5  
0 . 0 3 1  

<O. O O O S a  
< G .  0005 

Stage 2 27  
5 1  

S tage  3 27  
5 1  

2 . 8  
2 . 8  
2 . 9  
2 . 9  
3 . 0  
2 . 8  

2 . 8  
2 .  a 

0 . 1 0  
0 . 1 0  
0 . 1 0  
0 . 1 1  
0 . 2 4  
0 . 2 2  
0 . 2 2  
0 . 2 2  

S c r u b  Stage 4 
1 8  
27 
36 
42 
45 
4 3  
5 1  

- b  
0 . 1 7  

S t r i m i w  Sys tem 
Stage 1 9 
(aqueous phase 1 8  
samples t a k e n  2 7  
from r e s e r v o i r )  36 

45 
5 1  

Stage 2 9 
1 8  
27  
36 
45 
5 1  

0 . 0 0 8  
0 . 0 1 0  
0 . 0 0 1  
0 . 0 0 2  
0 . 0 0 1  
0 . 0 0 P  

<o. 0 0 1  
< o .  0 0 1  
<O. 0 0 1  
< o .  0 0 1  
< o .  001 
< o .  0 0 1  

< o .  0 0 1  
<o.  001 
<o. 0 0 1  
< O .  001 
< G .  0 0 1  
< O .  001 

< O .  001 
< Q .  0 0 1  
< o .  0 0 1  
< o .  0 0 1  
< o .  0 0 1  
< O .  0 0 1  

1 . 4  
1 . 2  
1 . 3  
1 . 3  
1 . 4  
1 . 5  

4 . 6  
8 . 4  
a .  0 
a .  5 
8 . 4  
8 .  I 

7 . 5  4 . 6  
9 . 0  4 . 5  
7 . 9  4 . 6  
7 . 3  4 . 2  
7 . 5  4 . 4  
8 . 0  4 . 5  

0 . 2 5  1.0 
0 . 5 6  1 . 5  
0 . 8 7  1 . 6  
0 . 9 6  1 . 7  
G. 92 x. 7 
1 . 0 6  1 . 7  

0 . 3 1  
0 . 2 8  
0 .  32 
0 . 3 1  
0 . 2 5  
0 . 2 4  

0 .  32 
0 . 4 6  
0 . 4 3  
0 . 4 2  
0 . 4 6  
0 . 4 2  

1 . 9  
1 . 8  
1 . 7  
1 . 7  
1.4 
1 . 4  

0 . 0 2  
0 . 2 3  
0 . 3 3  
0 . 3 7  
0 .  32 
0 . 3 5  

O t h e r  r a f f i n a t e  samples taken a t  3 , 9 , 1 5 , 1 8 , 2 1 , 2 4 , 3 0 , 3 3 , 3 6 , 3 9 , 4 2 , 4 5 ,  and 48 hs a l l  a n a l y z e d  
<0 .0005 g of uranium per l i t e r .  

a 

’This sarriple a l so  c o n t a i n e d ,  g/ l i tes :  0 . 0 5  V ,  0.114 Fe, 0 . 0 6  A l ,  a n d  0 . 0 3  PO4.  
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5 . 1  Recove ry  of Uranium f rom t h e  B l e e d  S o l u t i o n  

The u ran ium i n  t h e  b l e e d  s o l u t i o n ,  which  i n  r u n  4 w a s  -1y0 
of t h e  t o t a l  u ran ium p r o c e s s e d ,  mus t  be r e c o v e r e d  and  s e p a r a t e d  
f rom molybdenum. Good r e c o v e r i e s  a n d  f a v o r a b l e  s e p a r a t i o n  
f rom molybdenum were o b t a i n e d  by b o i l i n g  t h e  b l e e d  s o l u t i o n  t o  
s e l e c t i v e l y  p r e c i p i t a t e  u ran ium o r  by a c i d i f y i n g  t h e  s o l u t i o n  
a n d  p a s s i n g  i t  t h r o u g h  a c a r b o n  column t o  a d s o r b  molybdenum. 

B o i l i n g  t h e  B l e e d  S o l u t i o n .  B o i l i n g  t h e  b l e e d  s o l u t i o n  
u n t i l  t h e  pH d r o p p e d  t o  - 7 . 5  p r e c i p i t a t e d  9 0 7 ~ 0 r  more of t h e  
u ran ium b u t  <15Y~ of t h e  molybdenum ( T a b l e  5 . 4 ) .  T h i s  
p r e c i p i t a t e ,  wh ich  s e t t l e d  and  f i l t e r e d  r a p i d l y ,  c o u l d  b e  
d i s s o l v e d  i n  t h e  l e a c h  l i q u o r  a n d  r e t u r n e d  t o  t h e  e x t r a c t i o n  
c i r c u i t .  

T a b l e  5 . 4  Uranium Recovery f rom t h e  B l e e d  S o l u t i o n  
by B o i l i n g  

B o l l l n g  S u p e r n a t a n t  A n a l y s i s ,  P r e c i p i t a t e d , =  
Time,  g / l i t e r  To of t o t a l  

S o l u t i o n  min DH U Mo U Mo 

1 ( f r o m  
r u n  3 )  

I n i t i a l  9 . 6  
8 8 . 4  

1 5  8 . 4  
2 5  7 . 3  
3 0  6 . 3  

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

8 . 1  
7 . 4  
8 . 0  
8 . 1  
6 . 9  

- 
7 0  
96 
7 2  

>99 

- 
9 

<5 
<5 
1 5  

2 ( f r o m  
r u n  4) 

I n i t i a l  8 . 7  
1 5  7 . 9  
2 0  7 . 8  
2 5  7 . 7  
3 0  7 . 7  
4 0  7 . 4  

1 . 2 5  
0 . 3 8  
0 . 2 5  
0 . 2 0  
0 . 2 2  
0 . 1 4  

9 . 1  
9 . 5  
8 . 1  
8 . 8  
9 . 9  
9 . 9  

- 
7 0  
8 0  
84  
8 2  
8 9  

I 

- 
11 
<5 
<5 
<5 

3 ( f r o m  
r u n  4 )  

I n i t i a l  8 . 9  
2 0  8 . 2  
30 7 . 9  
4 0  7 . 5  
5 0  7 . 2  

1 . 2 4  
0 . 4 1  
0 . 1 6  
0 . 0 7  
0.09 

7 . 7  
7 . 7  
7 . 7  
7 . 2  
7 . 5  

- 
6 7  
87  
94 
93  

- 
<5 
<5 

6 
<5 

4 ( f r o m  
r u n  4) 

I n i t i a l  8 . 8  
2 0  8 . 0  
3 0  7 . 5  
40 7 . 0  

1 . 3 8  
0 . 0 6  
0 . 0 5  
0 . 3 6  

8 . 1  
6 . 5  
7 . 7  
7 . 4  

- 
96 
96 
74 

- 
2 0  

5 
9 

-~ - - _ _  
aBased  o n  head s o l u t i o n  a n d  s u p e r n a t a n t  a n a l y s e s .  
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Adsorption of Molybdenum on Activated Carbon. Effective 
recovery of uranium and separation from molybdenum was also 
obtained by acidifying the bleed solution with sulfuric acid 
and passing it through a column containing an 11-in. bed of 
20 x 50 mesh Type OL activated carbon (Pittsburgh Coke and 
Chemical Co.). About 14 column vo'kumes of acidified bleed 
solution ( 0 . 9  g IT and 8.2 g Mo per liter, pB 1.5) were passed 
through the column. The molybdenum concentration in the 
effluent, which was less than 0.6 g/lites for the first 8 column 
volumes, increased to  1.3 and 3 . 9  g/liter after passage of 10 
and 14 column volumes, respectively. The column, loaded to 
- 2 7 0  g Mo per kilogram of carbon, w a s  washed with 2, column 
volumes of water. The total effluent (including the wash), which 
contained >967,, of the uranium and only -20J/, of the molybdenum, 
could be recycled to the extraction circuit. Molybdenum was 
eluted effectively Prom the column with 2 g NH,QB.  If desired, 
high-purity molybdic oxide could be recovered from the eluate 
by evaporation and calcination O P  the residue. 

6 . 0  REAGENT COSTS 

Based o n  data from the continuous runs, total reagent 
costs for the extraction and the stripping-precipitation steps 
are estimated at 9 .66  pes- pound of U , O , ,  of which 7& per 
pound of  U,O,  is for stripping-precipilatisn chemicals 
(Table 6.1). This estimate assumes the use of commercial 
carbon dioxide (56  per pound). The use of flue gases as a 
source o f  carbon d i o x i d e  offers a potential cost saving of 
-2# per pound of U 3 0 8 .  Recovery of stripping reagent from Lhc 
calcines off-gases offers further potential for reducing reagent 
costs. 

Table 6.1 Estimated Reagent Costs for Ammonium 
Carbonate Stripping 

(Assumes treatment of a liquor containing 1.2 g 
of u,o, p e r  liter) 

C o n s u m p t i o n ,  C o s t ,  c o s t ,  - C hem i c a. I C o n s u m p t i o n  l b / l b  -- U30, &/lb &/1b u,o, 
NI-I S t r i p p i n g  0 . 7 4  5 . 3  4 . 4  

co2 S t r i pp i n g  0 . 5 2  5 2 . 6  

A l a m i n e  3 3 6  D i s t r i b u t i o n  t o  < o .  004 1 2  5 < O .  5 
r a f f i n a t e  ( < 5  ppm) 

Organic p h a s e  E n t r a i n m e n t  a n d  
s p i  I l a g e a  

0 . 0 5  g a l  42g?/galb 2 . 1  

T o t a l  9 . 6  

E n t r a i n m e n t  a n d  s p i l l a g e  e s t i m a t e d  a t  0 . 0 5 7 ~  o f  r a f f i n a t e  v o l u m e .  

23d p e r  pound .  

a 

%aseci on  kerosene  cost  of 14b p e r  g a l l o n  a n d  t r i d e c a n s l  cost  of 
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