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ABSTRACT 

A p r o c e s s  w a s  deve loped  t h r o u g h  b e n c h - s c a l e  f o r  re- 
c o v e r i n g  uranium from di(2-ethylhexy1)phosphoric a c i d -  
kerosene (Dapex) e x t r a c t a n t  w i t h  ammonium c a r b o n a t e  s o l u -  
t i o n .  The s o l v e n t  is m o d i f i e d  w i t h  d i amyl  amylphosphonate  
t o  enhance  uranium e x t r a c t i o n  and t o  p r e v e n t  s e p a r a t i o n  of 
t h e  ammonium d i  (2 -e thy lhexy1)phospha te  from t h e  k e r o s e n e  
d i l u e i i t  d u r i n g  s t r i p p i n g .  The ammonium c a r b o n a t e  concen-  
t r a t i o n  is m a i n t a i n e d  i n  t h e  r a n g e  0 .9 -1 .6  M ,  and t h e  s t r i p  
s o l u t i o n  is r e c y c l e d  i n  o rder  t o  p r e c i p i t a t e  ainmonium 
u r a n y l  t r i c a r b s n a t e  (AUT) i n  t h e  s t r i p p i n g  sys t em.  The 
c r y s t a l l i n e  AUT s e t t l e s  and f i l t e r s  r a p i d l y  and is r e a d i l y  
c o n v e r t e d  t o  U30, by c a l c i n a t i o n  a t  3 0 0 - 5 0 O o C .  I n  c o n t i n -  
uous  t e s t s ,  c o m p l e t e  s t r i p p i n g  of uranium and c o n t a m i n a n t s  
and f a v o r a b l e  p h y s i c a l  o p e r a t i o n  were o b t a i n e d  o v e r  a wide 
r a n g e  of 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 .  E x c e l l e n t  s e p a r a -  
tion of uranium from extracted molybdenum and p a r t i a l  s e p a -  
r a t i o n  from extracted vanadium o c c u r r e d  i n  t h e  p r e c i p i t a -  
t i o n  s t e p .  

E s t i m a t e d  r e a g e n t  cos t s  f o r  t h e  p r o c e s s  are 2-4d lower 
t h a n  f o r  t h e  sodium c a r b o n a t e  s t r i p p i n g  p r o c e s s  now used i n  
w e s t e r n  m i l l s .  I n  a d d i t i o n ,  owing t o  t h e  lower molybdenum 
and n e g l i g i b l e  sodium c o n t e n t ,  t h e  c o n c e n t r a t e  s h o u l d  be 
more amenable  t o  t h e  d i rec t  reduction-hydrofluorination- 
f l u o r i n a t i o n  process for  p r o d u c i n g  UF6. 
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1.0 XNTRODUCTTQN 

In  the new feed p l a n t  o p e r a t e d  by  A l l i e d  Chemical 
Company, UF6  i s  produced  by direct reduction-hydrofluorina- 
tloaa-f luorination of c o f i c e n t r a t e s  r e c e i v e d  from uranium 
m i l l s ,  Since sodium, molybdenum, and  vanadium are trouble- 
Borne i n  thi p r o c e s s  there is i n t e r e s t  i n  p r o d u c i n g  concen- 

ow in these c o n t a m i n a n t s .  T h i s  r e p o r t  d e s c r i b e s  
eslt af  an. economica l  s t r i p p i n g  f l o w s h e e t  f o r  t h e  
y 1 h e x y l ) p h o s p h o r i c  acid e x t r a c t i o n  (Dapex) process 

which yields a uraniu c o n c e n t r a t e  of t h e  type d e s i r e d .  

1-4 
faur w e s t e r n  m i l l s ,  uranium is s t r i p p e d  from t he  d i ( 2 -  
ethylhexyl)phosphoric a c i d  (DZEHPA) w i t h  sodium c a r b o n a t e  
s o l u t i o n .  To p r e v e n t  separation of Lhe sodium d i  ( 2 - e t h y l -  
hexyl ) p h o s p h a t e  from t h e  kerosene d i l u e n t  i n  t h e  s t r i p p i n g  
c y c l e ,  t h e  solvel i t  is modified with e i ther  a long-cha in  
a l c o h o l  o r  an  organophosphorus  es ter ,  the l a t t e r  m o d i f i e r  
class also p r o v i d i n g  s y n e r g i s t i c a l l y  enhanced  e x t r a c t i o n  
of uranium.  Uranium is p r e c i p i t a t e d  from t h e  s t r i p  solu- 
t i o n  b y  d e s t r o y i n g  the carbonate with a c i d  and a d d i n g  
ammonia o r  magnesia to p H  -8. Li t t le  o r  no s e p a r a t i o n  
from e x t r a c t e d  molybdenum anel vanadium is o b t a i n e d  in t h e  
stripping and p r e c i p i t a t i o n  s t e p s  and the  c o n c e n t r a t e  con-  
t a i n s  appreciable s s d i m .  

I n  t h e  Dapex process ( F i g .  1 .11 ,  as now used  in 

The f e a s i b i l i t y  of s t r i p p i n g  uranium from Dapex s o l -  
v e n t  w i t h  0 . 5 5  (NN4)2C03 w a s  p r e v i o u s l y Z  d e m o n s t r 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  equ ignient . Uranium was r e c o v e r e d  
b y  d i s t i l l i n g  ammonia and c a r b o n  d i o x i d e  from the pregnant 
s t r i p  solution with s tea  b u t  s e p a r a t i o n s  from molybdenum 
and vanadium by t h i s  pa-cr edure were n o t  i n v e s t i g a t e d .  I n  
t h e  c o u r s e  of these s t u d i e s  i t  as n o t i c e d  that a rap ld-  
f i l t e r i n g  c r y s t a l l i n e  uranium p e c i p i t a t e ,  p resumably  

monium uranyl t r i c a r b s n a t e  (AUT), formed when s t r i p p i n g  
with -1 g ammonium carbonate, T h i s  suggested t h e  poss i -  
b i l i t y  of p r e c l p i  ta t ing  uranium d i r e c t l y  from the solvent 
by contacting it  with a relatively concentrated (>1 Id) 
ammniurn c a r b o n a t e  s o l u t i o n  saturated w i t h  uranium, The 
p r e s e n t  studies have been conce rned  w i t h  development of a 
stripping f l s w s h e e t  based a n  t h i s  p r i n c i p l e .  The effect  
of mrneaxxiurn c a r b o n a t e  c o n c e n t r a t i o n  on uranium s o l u b i l i t y  
-#as first d e t e r m i n e d ,  and t h e n  a series of b e n c h - s c a l e  con- 

t i o n s  and t h e  e f f e c t  of c o n t a m i n a n t s  s u c h  as molybdenum, 
ironp, and vanadium, Reagent costs were estimated an the 
b a s i s  0% the continuous t e s t s ,  

t i n u s u s  tests as  made t o  define optimum opera t ing  c o n d i -  

T h i s  stripping method is also applicable t o  t h e  
recovery of urpanium from amines  and p o s s i b l y  from organo-  
phosphorus esters,  e . g . ,  ml? and phosphonates, R e s u l t s  of 
s t u d f e s  o f  these systeaaas ill be reported s e p a r a t e l y .  
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Fe --+REDUCTION 

. 

STRIPPING 

F e ,  T i ,  e t c .  

CALCINE 

Uranium 
P r o d u c t  

F i g .  1.1. Dapex sodium c a r b o n a t e  s t r i p p i n g  p r o c e s s .  
O r g a n i c :  -0 .1  DZEHPA i n  k e r o s e n e  + 0 . 1  TBP o r  0 . 1  M_ 
i s o d e c a n o l .  

The a u t h o r s  acknowledge t h e  h e l p f u l  c o n t r i b u t i o n  of 
L.  I,. L o h r ,  J r . ,  a summer s t u d e n t  employee ,  who set up t h e  
c o n t i n u o u s  t es t  equ ipmen t  and pe r fo rmed  some o f  t h e  con-  
t i n u o u s  t e s t  r u n s .  

2 . 0  SOLUBILITY OF AMMONIUM URANYL TRICARBONATE (AUT) 

The s o l u b i l i t y  of uranium d e c r e a s e d  from a p p r o x i m a t e l y  
7 . 0  t o  1 . 8  g pe r  l i t e r  as the 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  i n c r e a s e d  from 0 . 7 5  t o  1 . 9 5  (Fig. 2 . 1 ) .  The 
tests were made by s h a k i n g  an  e x c e s s  of s o l i d  AUT w i t h  
ammonium c a r b o n a t e  s o l u t i o n s  ( p r e p a r e d  by 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  NH://COT r a t io  of 2 / 1 ) ,  Ana lyses  made 
a t  i n t e r v a l s  o v e r  a 54-day p e r i o d  i n d i c a t e d  t h a t  t h e  s o l u -  

i 
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Q 1 7  days  

* 24 d a y s  

0 5 4  d a y s  

t i o n s  were a t  o r  n e a r  e q u i l i b r i u m  a t  t h e  end  of t h e  t e s t .  
These  s o l u b i l i t y  v a l u e s  are 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  (Sec.  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  
w a s  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  t i m e s  of 
t h e  c o n t i n u o u s  tests. A t  t h e  end  of t h e  s o l u b i l i t y  tests, 
t h e  spec i f i c  g r a v i t y  and  p H  of t h e  s o l u t i o n s  w e r e  measured 
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. 

The s p e c i f i c  g r a v i t y  (25OC) i n c r e a s e d  from 1 .032  t o  1 . 0 6 0  
and  t h e  p H  increased from 9 . 1 7  t o  9 .22  as t h e  ammonium car- 
b o n a t e  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  from 0 .75  t o  1 . 9 5  M .  - 

3 . 0  CALCINATION OF AMMONIUM URANYL TRICARBONATE 

C a l c i n a t i o n  f o r  1 - 2  h r  a t  2 5 0 ° C  lowered 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  of a i r - d r i e d  AUT. (12.4% NH, , 51.7% U 3 0 , ,  
34.1% C 0 3 )  below t h e  s p e c i f i c a t i o n  l i m i t  (4% based on U3Q8) 
f o r  uranium c o n c e n t r a t e s  (Tab le  3 . 1 ) .  P r o d u c t s  c o n t a i n i n g  
>97% U308, <0 .05% N H , ,  and C0.570 CO, were o b t a i n e d  by ca l -  
c i n a t i o n  for 1 - 2  hr a t  5 0 0 ° C .  

T a b l e  3 . 1  Thermal  Decomposi t ion  of Ammonium 

Urany l  T r i c a r b o n a  te 

C a l c i n a t i o n  
Temp., Time,  A n a l y s i s ,  '70 

" C  h r F i n a l  Color u 3  O8 NH3 € 0 3  

A i r  -dr i e d  - 
110 2 

24 

250 1 
2 

325 1. 
2 . 5  

400 1 . 2 s  
2 

5 0 0  1 
2 

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

Orange 
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  34 .1  

54.6 12.0 32.7  
7 2 . 3  2 . 5  1 5 . 1  

9 0 . 1  1.4 2 . 2  
9 0 . 9  0 . 9  2 . 1  

94.6 0 . 3  1 . 4  
9 4 . 1  0 . 2  1.4 

1 . 0  0 . 0 2  94 .9  
94 .9  0 . 0 4  1 . 2  

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

4 . 0  PROPOSED PROCESS 

A g e n e r a l  f l o w  d iagram for t h e  ammonium c a r b o n a t e  
s t r i p p i n g  process is shown i n  F i g ,  4 . 1 .  Uranium and ex- 
t r a c t e d  c o n t a m i n a n t s  are q u a n t i t a t i v e l y  removed from the ex- 
t r a c t  by c o n t a c t i n g  i t  w i t h  1 . 2 - 1 . 5  M (NH,12C03 s o l u t i o n ,  
m o s t  of t h e  uranium p r e c i p i t a i i n g  as -AUT.  
s l u r r y  is pumped t o  a s e t t l i n g  t a n k  where t h e  AUT settles 
r a p i d l y  and  is pumped a s  a t h i c k  slurry 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 NH,QH and 
c a l c i n e d  for 1 - 2  hr a t  3 0 0 - 5 0 Q o C  to remove ammonia and 

The p r e c i p i t a t e  
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c a r b o n  diox ide .  The f i l t r a t e  and t h e  s u p e r n a t a n t  from t h e  
s e t t l e r  are r e c y c l e d  to t h e  s t r i p p i n g  sys t em a f te r  f o r t i -  
f i c a t i o n  w i t h  ammonia and ca rbon  d i o x i d e .  Molybdenum (and 
t o  s o m e -  extent vanadium) b u i l d s  up  i n  c o n c e n t r a t i o n  i n  t he  

mnonium c a r b o n a t e  r e c y c l e  s o l u t i o n  and is removed i n  a 
small bleed. stream, A s m a l l  ainount of water is added t o  
the s t r i p p i n g  c i r c u i t  t o  replace t h a t  lost t o  t h e  b l e e d  
stream and by hydration of the ammonium s a l t  of DZEHPA (-13 
moles W,Q p e r  mole of D2EHPA). 

S t o i c h i o m e t r i c  chemical. r e q u i r e m e n t s  for s t r i p p i n g  and 
p r e c i p i t a t i o n  a m  1 mole of ammonia per mole D2EHPA p l u s  4 
moles  o f  ammonia and 3 moles of c a r b o n  d i o x i d e  per mole of 
uranium rec~vered.  For  0 . 1  D2EHPA, l o a d e d  t o  S g of  
uranium p e r  l i t e r ,  t h i s  amounts to 0 . 5 3  l b  of ammonia and 
0 . 4 4  Ib of c a r b o n  d i o x i d e  per pound a €  U309 e I n  p r a c t i c e ,  

uirements are l 0 - 2 0 %  h i g h e r  t h a n  s t o i c h i o m e t r i c  t o  com- 
pensate for l o s s e s  t o  the  bleed s o l u t i o n  and  b y  e n t r a i n m e n t  
of s t r i p  s o l u t i o n  i n  the s o l v e n t .  

Organic recycle 
7 -, 

EXTRACTION 

Raf f i n a t e  Red u c  e d 
leZLl2h 
1. i q u o s  

( 3 0 0 - 5 8 0 ° C )  co, 
CALCINATION 

F i g .  4 . 1  Ammonium c a r b o n a t e  s t r i p p i n g  process. O r g a n i c :  
D2FHPA i n  kerosene -+ organophosphorus  or a l c o h o l  m o d i f i e r .  
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5 . 0  CONTINUOUS TESTS 

. 

A series of c o n t i n u o u s  tests w a s  made i n  b e n c h - s c a l e  
mixer-settler equipment  w i t h  s y n t h e t i c  l e a c h  l i q u o r s  t o  
s t u d y  t h e  e f f e c t s  of numerous v a r i a b l e s  on t h e  s t r i p p i n g  
p r o c e s s  and  t o  e s t a b l i s h  r e a g e n t  costs .  S t r i p p i n g  w a s  
e f f e c t i v e  and p h y s i c a l  o p e r a t i o n  was s a t i s f a c t o r y  o v e r  a 
r e l a t i v e l y  wide r a n g e  of recycle s o l u t i o n  and  f e e d  l i q u o r  
c o m p o s i t i o n s ,  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 molybdenum 
and p a r t i a l  s e p a r a t i o n  from vanadium were 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  tests t h e  o r g a n i c  phase  c o n s i s t e d  of 0 . 1  M 
DZEHPA i n  k e r o s e n e  + 0 . 0 5  3 d iamyl  amylphosphonate  (DTAP). 
M o d i f i e r  r e q u i r e m e n t s  t o  e n s u r e  m i s c i b i l i t y  of t h e  
ammonium s a l t 2  of DZEHPA i n  k e r o s e n e  i n  t h e  s t r i p p i n g  
o p e r a t i o n  are much lower t h a n  f o r  t h e  sodium sa l t .  The 
c o n c e n t r a t i o n  of DAAP u s e d  w a s  a b o u t  80% of t h e  minimum 
c o n c e n t r a t i o n 5  r e q u i r e d  t o  m a i n t a i n  m i s c i b i l i t y  when 
sodium c a r b o n a t e  is u s e d  f o r  s t r i p p i n g  b u t  was t h e  a p p r o x i -  
mate c o n c e n t r a t i o n  t h a t  p r o d u c e s  maximum s y n e r g i s t i c  en -  
hancement of uranium e x t r a c t i o n .  I n  a l l  t h e  c o n t i n u o u s  
r u n s  s u b s e q u e n t l y  d e s c r i b e d ,  p h y s i c a l  o p e r a t i o n  of t h e  ex- 
t r a c t i o n  c i r c u i t  ( 3  s t a g e s )  w a s  s a t i s f a c t o r y  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  ( < 8 . 0 0 3  g of uranium p e r  
l i t e r )  were o b t a i n e d .  Detailed e x t r a c t i o n  d a t a  were n o t  
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  sys t em w a s  
s i m p l y  t o  s u p p l y  e x t r a c t  for t h e  s t r i p p i n g  s t u d i e s .  

Run 1. T h i s  w a s  a shakedown r u n  of -18 h r *  d u r a t i o n  
u s i n g  a u r a n y l  s u l f a t e - s o d i u m  s u l f a t e  s o l u t i o n  (5 g of 
uranium and  48 g of SO4 p e r  l i t e r ,  p H  1 )  as aqueous  f e e d .  
The s o l v e n t  w a s  l o a d e d  t o  -5 g of uranium p e r  l i t e r .  The 
s t r i p p i n g  sys t em i n c l u d e d  a. s i n g l e  m i x e r - s e t t l e r  s t a g e  and 
a r e s e r v o i r  f o r  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 :  

-__I 

* T h i s  was t h e  t o t a l  r u n  t i m e  rather 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  day  
s h i f  2, e 



-10- 

Ba th  t h e  s e t t l e r  and r e s e r v o i r  had c o n i c a l  bo t toms and t h e  
se t t le r  was equ ipped  w i t h  a s l o w - t u r n i n g  a g i t a t o r  ( i n  t h e  bot- 
tom portion of t h e  c a n e )  t o  e n s u r e  p r o p e r  d i s c h a r g e  of s o l i d s .  
The  c o n c e n t r a t i o n  o f  t h e  ammonium c a r b o n a t e  s o l u t i o n  i n  t h e  
s e t t l e r  and r e s e r v o i r  w a s  1 . 5  a t  s t a r t u p  and w a s  m a i n t a i n e d  
at a p p r o x i m a t e l y  t h a t  l e v e l  t h roughou t  t h e  r u n  by a d d i t i o n  t o  
t h e  r e c y c l e  s o l u t i o n  of a p p r o x i m a t e l y  2 (NW4) ,C0 , - -2  fl N H 4 0 H  
s o l u t i o n  w h i c h  was p r e p a r e d  c o n t i n u o u s l y  by d i s s o l v i n g  ammonia 
and c a r b o n  d i o x i d e  gases i n  water. The c o n c e n t r a t i o n  o f  
uranium i n  t h e  r e c y c l e  s o l u t i o n  i n c r e a s e d  t o  - 3  g p e r  l i t e r  
and becaunc s t a b i l i z e d  a t  t h a t  v a l u e ,  

S t r i p p i n g  of uranium was e s s e n t i a l l y  c o m p l e t e ,  f i l t e r e d  
samples  o f  t h e  s t r i p p e d  s o l v e n t  a n a l y z i n g  ~ 0 . 0 0 5  g of  uranium 
pe r  l i t e r .  Mixing w a s  o r g a n i c - c o n t i n u o u s .  The bulk of t h e  
p h a s e s  s e p a r a t e d  r a p i d l y  b u t  e n t r a i n m e n t  of aqueous i n  t h e  
s o l v e n t  r e c y c l e  stream was r e l a t i v e l y  h i g h .  Although this had 
no a d v e r s e  e f f e c t  on p h y s i c a l  pe r fo rmance ,  i t  i n c r e a s e d  t h e  
consumption o f  s t r i p p i n g  r e a g e n t .  The ATJT 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  ( t o  a c o n c e n t r a t i o n  i n  t h e  thickened s l u r r y  of -450 g 
of uranium p e r  l i t e r )  i n  t h e  s e t t l e r ,  l e a v i n g  a clear i n t e r -  
f a c e ,  and w a s  r e a d i l y  f i l t e r e d .  En t r a inmen t  of o r g a n i c  i n  t h e  
p r e c i p i t a t e  s l u r r y  appeared n e g l i g i b l e .  The a i r - d r i e d  AUT 
p r e c i p i t a t e  ana l -yzed  1 2 . 4 %  NH, , 43.8% U ,  and 3 4 . 1 %  C 0 3 ,  
e q u i v a l e n t  t o  an  N H , / U / C 0 3  mole r a t i o  o f  3,96/1 .00/3 .09 .  

For a b o u t  o n e - f o u r t h  of 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  
s t r i p p i n g  c i r c u i t  was m a i n t a i n e d  a t  -4OOC. The h i g h e r  tein- 

p e r a t u r e  did not d e e r e a s e  aqueous en tpa inmen t  i i i  t h e  s o l v e n t  
and resulted i n  p r o d u c t i o n  of r e l a t i v e l y  f i n e - p a r t i c l e  AUT 
which did not s e t t l e  as r a p i d l y  as  the coarse AUT o b t a i n e d  
a t  ambient  t e m p e r a t u r e .  

..__ Run 2 (-20 .-.I__.... h r  __.__ d u r a t i o n ) .  The aqueous feed for this r u n  
was a s y n t h e t i c  l e a c h  l i q u o r  (pH 1 )  c o n t a i n i n g  5 g o f  U ,  1 g 

and 30 g of SO4 pes l i t e r .  A second s t r i p p i n g  skage w a s  added 
t o  t h e  c i r c u i t ,  mixing i n  t h i s  s t a g e  being comtrcpl.l_ed aqueous- 
c o n t i n u o u s  t o  decrease Z L ~ U ~ Q U S  e n t r a i n m e n t  i n  t h e  s t r i p p e d  

of V ( X V ) ,  2 Q of  Fs(PP), 0 . 2  R Fe(lII), 3 g of A I ,  1 g of  F04, 

S Q l V e l l t :  

In t ras tage  E x t r a c t  
(-5 E; U / l i t e r )  

Recycle  s o l u t i o n ,  
15-30 ITII/ '~IPII 

2 E 5 - 3  ml/min 
t o  S P P t e r  
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S i n c e  the o r g a n i c / a q u e o u s  feed r a t i o  t o  t h i s  stage w a s  
25 /1 ,  i t  w a s  n e c e s s a r y  t o  r e c y c l e  aqueous  from t h e  se t t ler  
t o  t h e  m i x e r  t o  m a i n t a i n  t h e  aqueous  p h a s e  c o n t i n u o u s .  
Under t h e s e  c o n d i t i o n s ,  aqueous  e n t r a i n m e n t  i n  t h e  s t r i p p e d  
s o l v e n t  w a s  d e c r e a s e d  c o n s i d e r a b l y  below t h a t  which 
o c c u r r e d  i n  r u n  1 b u t  w a s  s t i l l  a p p r e c i a b l e .  

T h e r e  w a s  no bleed o f  r e c y c l e  s o l u t i o n  i n  r u n s  1 and 
2 and, c o n s e q u e n t l y ,  t h e  volume of s o l u t i o n  i n  t h e  reser- 
v o i r  c o n t i n u o u s l y  i n c r e a s e d .  

The c o m p o s i t i o n  of t h e  r e c y c l e  s o l u t i o n  was n o t  c r i t i -  
ca l .  P h y s i c a l  o p e r a t i o n  w a s  f a v o r a b l e  and  s t r i p p i n g  of 
uranium and c o n t a m i n a n t s  w a s  e s s e n t i a l l y  c o m p l e t e  when 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  was - 1 . 2  
i n  t h e  s o l u t i o n  w a s  v a r i e d  from -1.4/1 (pH 8 . 2 )  t o  -2 .3 /1  
(pH 9 . 6 ) .  Almost a l l  t h e  e x t r a c t e d  uranium,  vanadium, and  
i r o n  w e r e  s t r i p p e d  i n  t h e  f i rs t  s t a g e :  

and t h e  NH$/COT r a t i o  

O r g a n i c  A n a l y s i s ,  g / l i ter  
O r g a n i c  Sample U V Fe 

F i r s t  s t r i p p i n g  stage 0.007-0.017 <0.01 <0.01 
Second s t r i p p i n g  stage 0 . 0 0 2  <o, 0 1  <o. 01 

Ext rac t  5 . 1  0.05 0.07-0.09 

The p r o d u c t  from r u n  2 was n o t  a n a l y z e d .  

Run 3 (57 h r  d u r a t i o n ) .  The c o m p o s i t i o n  of t h e  f e e d  
l i q u o r  for r u n  3 w a s  t h e  s a m e  as f o r  r u n  2 e x c e p t  t h a t  
0 .15  g of molybdenum p e r  l i t e r  w a s  added and  t h e  F e ( I I 1 )  
c o n t e n t  w a s  v a r i e d  d u r i n g  t h e  r u n .  More t h a n  95% of t h e  
molybdenum i n  t h e  f e e d  l i q u o r  w a s  e x t r a c t e d  b u t  <2% of 
t h i s  molybdenum r e p o r t e d  t o  t h e  uranium product. 

The s o l u t i o n  r e m a i n i n g  i n  t h e  r e s e r v o i r  and  s t r i p p i n g  
sys t em from r u n s  1 and 2 w a s  d i s c a r d e d  and r e p l a c e d  w i t h  
f r e s h  ammonium c a r b o n a t e  s o l u t i o n .  The c a r b o n a t e  concen-  
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  w a s  v a r i e d  from 1 . 5 5  t o  
0 . 9  g w h i l e  m a i n t a i n i n g  t h e  NH$/COF r a t i o  i n  t h e  r a n g e  
1 .7 -2 .0 /1 .  Throughout  t h e  r u n ,  s t r i p p i n g  of uranium and 
Con taminan t s  w a s  v i r t u a l l y  c o m p l e t e  and p h y s i c a l  o p e r a t i o n  
w a s  good. A material b a l a n c e  for t h e  r u n  showed t h a t  con-  
sumpt ion  of ammonia and c a r b o n  dioxide w a s  ~ 1 0 %  i n  e x c e s s  
o f  s t o i c h i o m e t r i c  r e q u i r e m e n t s  (Sec .  4 . 0 ) .  The average 
uranium 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  i n c r e a s e d  
from -4 t o  -11 g / l i t e r  as  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  changed  from 1 . 5 5  t o  0 . 9  (Tab le  5 . 1 ) .  Owing t o  
s u p e r s a t u r a t i o n  e f f e c t s ,  t h e  uranium c o n c e n t r a t i o n  w a s  
h i g h e r  t h a n  would be p r e d i c t e d  from Fig. 2.1 and,  for e a c h  
c a r b o n a t e  c o n c e n t r a t i o n ,  v a r i e d  over a r e l a t i v e l y  w i d e  
r a n g e  a t  d i f f e r e n t  s a m p l i n g  times. 
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T a b l e  ti. 1 Effect of ... Ammonium Carbonate _. C o n c e n t r a t i o n  - 
on Uranium S o l u b i l i t y  (data l-l__- from Run 3 )  ._. _.__I-_ __ 

Uraniim i n  Recycle- 
Recycle Solution Composi t ion ,  .. . jg I___- S o l u t i o n ,  g/]liter 

co, ... Range A%“___ _l___ll-.-l.I rnx 
3 . 0 7  1 . 5 5  
2 ”  42 1 . 3 5  
2 , 2 7  1 . 2 0  
1 . 8 4  1 . 8 5  
1 . 5 9  0 . 9 0  

3.1-  5 . 1  4 . 2  
4 . 7 -  7 . 5  5 . 9  
6 . 6 -  8 . 9  7 . 8  
7 .1-  9 . 4  8 . 1  
8 .5 -13 .2  1 0 . 5  

“Of f o u r  t o  s i x  samples. 

Molybdenum which is s o l u b l e  i n  t h e  r e c y c l e  s o l u t i o n ,  
continususly increased i n  c o n c e n t r a t i o n  d u r i n g  t h e  r u n  t o  

i n s u f f i c i e n t  so t h a t  there w a s  a c o n t i n u o u s  i n c r e a s e  ( - 0 . 8  
ml/min> i n  t h e  volume of s o l u t i o n  i n  t h e  r e s e r v o i r .  

4 . 4  g / l i t e r .  “he r e c y c l e  s o l u t i o n  bleed ( 0 . 8  m l / m i n )  was 

During  r u n  3 the c o n c e n t r a t i o n  of i r o n  i n  t h e  e x t r a c t  
w a s  i n c r e a s e d  Irom 0,84 t o  0.13 g / l i t e r  by i n c r e a s i n g  the 
Fe(XII) i n  the feed l i q u o r  from ~ 0 . 1  to 0.4 g / l i t e r .  T h i s  
had no apparent  e f f e c t  on p h y s i c a l  opera t ion  of the s t r i p -  
p i n g  c i r c u i t  b u t  increased the i r o n  c o n t e n t  of the p r o d u e t  
( c a l c i n e d  Z hr at 5 O O * C ) :  

6 Fe(TPI) i n  Fe i n  Fe i n  P r o d u c t ,  HNO, Xnsoluble 

based on U308 
F e e d  L i q u o r ,  Ext rac  1, % based on Uranium, % 

u3.9L-- -.. 1111 

g/liter g / l i t e r  _p.___I1--..- LII___ __I 

<O.l 0 . 0 4  0 . 3 5  
0 . 2  0 . 1 1  1 . 4  
0 . 4  0 . 1 3  2 . 3  

0 . 0 0 0 0 6  
0 ,007  
0 . 0 1 1  

The n i t r i c  ac id- inso luble  uranium i n  t h e  p r o d u c t  increased 
with i n c r e a s i n g  iron concen t r a t ion  but i n  a l l  cases was far 
below t h e  c o n c e n t r a t e  s p e c i f i c a t i o n  l i m i t  of 0.1%. 

In  the above tests no a t t e m p t  was made t o  s e p a r a t e  t h e  
p r e c i p i t a t e d i r o n  from t h e  AUT. I(; a p p e a r e d ,  however, t h a t  
s o m e  hydraulic separation m i g h t  be p o s s i b l e  s i n c e  the AUT 
set t led r a p i d l y  and t h e  i r o n  s l o w l y .  

The concentration of vanadium i n  t h e  extract ranged 
f r o m  Q,82 to 0 . 0 3  g / l i t e r ,  a. p o r t i o n  of t h i s  vanadium p re -  
c i p i t a t i n g  w.i t h  the  uranium and t h e  b a l a n c e  r ema in ing  
s o l u b l e  i n  the r e c y c l e  s o l u t i o n .  The average Vz05 c o n t e n t  
of s i x  batches of product  w a s  0.3% and t h e  maximum 0,7%, 
which  is w e l l  below the s p e c i f i c a t i o n  l i m f t  of 2%: 
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P r o d u c t  V i n  E x t r a c t ,  
Ba tch  g/l i ter 

0.03 
0 . 0 3  
0.02 
0.03 
0.02 
0 . 0 2  

Vz05 i n  P r o d u c t ,  
% b a s e d  on U308 

<0.1 
0 . 4 2  
0 . 7 1  
0 . 2 2  
0 . 2 7  
0 .13  

The p r o d u c t s  a l s o  c o n t a i n e d  95-97% U,08, 0.005-0.03% Mo, 
0.35-2.370 Fe, <O. 01% NH, , 0 . 2 - 0 . 5 %  COS, 0.01-0.09% P O 4 ,  
and  < O .  1% S O 4 .  

Run 4 (18 hr d u r a t i o n ) .  The method u s e d  i n  runs 2 
and 3 f o r  a d d i n g  makeup s t r i p p i n g  r e a g e n t  r e q u i r e d  p r e p a -  
r a t i o n  of a c o n c e n t r a t e d  (NH4 ) zCOf  -NH40H s o l u t i o n  for f e e d  
t o  t h e  s e c o n d  stage. The volume of recycle s o l u t i o n  i n  t h e  
r e s e r v o i r  b u i l t  up d u r i n g  t h e s e  r u n s  a n d ,  i n  p r o c e s s  p r a c -  
t ice ,  a r e l a t i v e l y  large b l e e d  (2-370 of t h e  o r g a n i c  f l o w  
r a t e )  would be  n e c e s s a r y  t o  m a i n t a i n  a volume b a l a n c e .  I n  
r u n s  4 and  5 ,  -0 .5  (NH,12C03 w a s  f e d  t o  t h e  s e c o n d  stage 
a n d  t h e  b u l k  of t h e  ammonia and c a r b o n  d i o x i d e  were added 
by a b s o r b i n g  t h e  gases i n  t h e  s o l u t i o n  c o n t a i n e d  i n  the 
r e s e r v o i r :  

I n  t ras t age S t r i p p e d  
r e c y c l e ,  organic Extract 

leed, 0 . 8  ml/min 

Thickened  AUT 
t o  f i l t e r  

T h i s  p r o c e d u r e  made t h e  choice of aqueous  f l o w  rate t o  t h e  
second stage (and t h u s  t h e  amount of bleed) i n d e p e n d e n t  of 
r e a g e n t  r e q u i r e m e n t s ,  and volume c o n t r o l  w a s  s i m p l e .  The 
b l e e d  was set  a t  a p p r o x i m a t e l y  1% of t h e  o r g a n i c  Plow rate 
and t h e  flow of 0 . 5  (NH4 ) z C 0 3  w a s  a d j u s t e d  t o  t h e  v a l u e  
t h a t  balanced aqueous  l o s s e s ,  i . e . ,  m a i n t a i n e d  an a p p r o x i -  
m a t e l y  c o n s t a n t  aqdeous  vo1.ume i n  t h e  reservoir .  
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The f e e d  l i q u o r  (pH 1 )  c o n t a i n e d  5 g of TJ, 1 g of 
V ( I V ) ,  0 . 1 5  g of Mo, 2 . 0  g of P e ( I I ) ,  0 . 2  g of Fe(XII), 

amnnonlum c a r b o n a t e  c o n c e n t r a t i o n  was m a i n t a i n e d  at - 1 . 6  Id., 
which l i m i t e d  the uranium eoncentratian i n  t h e  recycle 
solution t o  3 - 6  g / l i t e r  (Table 5 . 2 ) .  The e x t r a c t ,  
c o n t a i n e d  5 g o f  U ,  0.15 g of Mo, 0 .02  g of V, and 0 . 0 6  g 
of Fe per liter w a s  e s s e n t i a l l y  c o i ~ i p l e t e l y  s t r i p p e d  o f  a l l  
metals i n  two stages.  

3 g of Al, 1 g of P O 4 ,  and 3 0  g of SO, per liter. The 

Table 5 . 2  Data f o r  Continuous Run 4 

Aqueous i n  s t r i p p i n g  system and reservoir at startup 
was t h a t  r e m a i n i n g  from r u n  3 

_l_________ll_.. _. ._. . .- ~ . . . .  ..-.- 
R u  11 ~~ 

A n a l y s i s ,  g / l i t e r  Molarity 
v -- Fe . w w t  cog T i m e ,  ._. MQ .._..̂ .__I-.. Sample hr U -.._ 

Prst: g n a n t  4 5 . 0  0 ,146  0.05  0 . 0 6  - - 
organic 10 4.8 0.145 0.02 0.06  - - 

l4 5 . 1  0.154 Q ” 0 2  0.07 - - 
1 8  4.8 0.156 0 - 0 2  0.06 - - 

R e c y c l e  2 6 . 4  
S O l . U t i O n a  4 6 , 0  

6 4 . 5  
8 2 . 9  

10 3 . 3  
1 2  4 . 6  
14 5 . 6  
1 6  3 , 6  
18 4.1 

4.4 
4 . 5  
4.5 
4 . 8  
4 . 7  
4.8 
4.8 
5 . 0  
5 . 0  

3 . 0 8  1 . 6 0  
3.68 1 . 6 4  
3 . 6 3  1.63 
3 . 7 3  1 . 5 6  
3 - 5 9  1 , 6 1  
3 .25  1 . 4 8  
3 . 3 9  1 . 5 3  
3 . 3 4  1.58 
3.40 1 . 4 2  

Aqueous from 4 3 . 8  1 - 0 1  I - 1 . 3 9  0.65 
stage 2 10 5 . 7  1 . 6 2  - - 1 ” 6 4  0 . 7 9  

1 4  6 . 6  1 . 8 4  - 1 . 7 6  0 . 8 7  
18 5 . 6  1 . 8 4  - - 1 . 7 4  0.813 

Organic  from 4 0.003 < Q , O 0 5  <0.01 <0.003 - - 
stage 2 1 0  0 .006  C0.005 < 0 . 0 1  <0 .003  - - 

I4 0 , 0 0 6  <0 .005  <O.OP <0.003 - - 
18 0 .004  < 0 . 0 0 5  <O.Ol < 0 . 0 0 3  - - 

?Phe pR of t h e  r e c y c l e  s o l u t l o n  ranged from 9 .  3 to 9 .  6 .  

Aqiieaus entrainment i n  the s t r i p p e d  organic was much 
I ewer than in p r e v i o u s  runs, i n  which conceatrated ammonium 
carbonate w a s  f e d  to the second  stage. The coat of ammonia 
and carbon dioxide l o s t  by t h i s  rmchanisrn in r u n  4 was 
estintiated ad; <0,5d  per pound of IJ,08. In  a d d i t i o n ,  w i t h  
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t h e  more d i l u t e  ammonium carbonate, t h e r e  w a s  no p r e c i p i -  
t a t i o n  of AUT i n  t h e  second  stage as had o c c u r r e d  i n  r u n s  
2 and 3. 

The c a l c i n e d  (2 hr a t  500°C)  p r o d u c t  a n a l y z e d  9 6 . 3 %  

0 . 2 3 %  C 0 3 ,  < O . l %  S O 4 ,  0.037% PO4, and  O.OOZ4% KN0,-insol- 
u b l e  uranium. 

U ~ O S ,  0.014% Mo, 0.97% F e ,  <0.2% VzOs, 0.1% A l ,  <Q.Ol% NK,, 

Run 5 (9 .5  h r  d u r a t i o n ) .  The molybdenum 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  c o n t i n u o u s l y  increased i n  t h e  p r e -  
c e d i n g  r u n s ,  r e a c h i n g  -5 g / l i t e r  a t  t h e  end  of r u n  4 ,  To 
tes t  s e p a r a t i o n s  from uranium a t  s t i l l  h i g h e r  molybdenum 
c o n c e n t r a t i o n s ,  t h e  r e c y c l e  s o l u t i o n  w a s  s p i k e d  w i t h  
ammonium molybda te ,  i n c r e a s i n g  t h e  molybdenum c o n c e n t r a t i o n  
t o  1 2  g / l i t e r .  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 he  
r e c y c l e  s o l u t i o n  w a s  m a i n t a i n e d  a t  1 .6-1 .7  (Table  5 . 3 ) .  
Under t h e s e  c o n d i t i o n s  t h e  molybdenum c o n t e n t  of t h e  pro- 
d u c t  was o n l y  0.024%, which is i n  t h e  approx ima te  r a n g e  of 
t h a t  o b t a i n e d  i n  r u n s  3 and 4 w i t h  3 - 5  g of molybdenum per 
l i t e r  i n  t h e  r e c y c l e  s o l u t i o n .  

T a b l e  5 . 3  D a t a  for Cont inuous  Run 5 

Aqueous i n  s t r i p p i n g  sys t em and r e s e r v o i r  a t  s t a r t u p  
was t h a t  r ema in ing  from r u n  4 

Run 
Time, A n a l y s i s ,  g / l i t e r  M o l a r i t y  

Sample h r  U Mo v Fe NHX COT 

P r e g n a n t  
organic  

Recycle  
s o l u t i o n  

Aqueous from 
stage 2 

Organic  from 
stage 2 

4 5 . 0  0 . 1 5  0 .08  
9.5 4 . 7  0 .16  0 . 0 9  

2 4 . 0  1 2 . 0  0.35 
4 3 . 7  1 1 . 9  0 . 6 6  
6 4.3 1 1 . 6  0 . 8 1  
8 4.7 1 1 . 5  0 . 8 6  
9 .5  2 . 6  1 1 . 5  0 . 9 4  

4 4 . 1  2 . 5 2  
9 . 5  4.1 3 . 3  - 
4 0 . 0 0 3  ~ 0 . 0 0 5  c 0 . 0 1  
9 . 5  0 , 0 0 3  0,005 < 0 . 8 1  

0 . 0 7  
0.07 

- 
- 
- 
- - 
- - 

< O .  003 
<O. 003 

- 
I 

3.23 
3 .27  
3 .54  
3 . 5 5  
3.65  

1 . 4 1  
1 . S 5  

- 

- 
- 

1 . 5 5  
1 . 6 0  
1 . 6 1  
1 . 6 5  
1 . 6 9  

0 . 6 6  
0.83 

- 
- 

In  a d d i t i o n  t o  o p e r a t i n g  w i t h  a h i g h e r  c o n c e n t r a t i o n  
of molybdenum in t h e  r e c y c l e  s o l u t i o n ,  t h e  c o n c e n t r a t i o n  of 
vanadium i n  t h e  f e e d  l i q u o r  for t h i s  r u n  w a s  i n c r e a s e d  to 5 
g / l i t e r  ( 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  w a s  t h e  s a m e  as 
i n  r u n  4). The extract  c o n t a i n e d  0.08-0.09 g of vanadium 
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per l i t e r  (Table 5 . 3 ) ,  e q u i v a l e n t  t o  -2 .7% V2OS based on 
U 3 0 , ,  Uranium w a s  f a i r l y  e f f e c t i v e l y  s e p a r a t e d  from ex- 
t r a c t e d  vanadium i n  t h e  s t r i p p i n g  process s i n c e  the ca1.- 
c i n e d  uranium p roduc t  c o n t a i n e d  o n l y  0.4% V2 O5 . However , 
the vanadium 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 
a t i l l  i n c r e a s i n g  a t  t h e  end of t h e  r u n  and p o o r e r  s e p a r a -  
t i o n s  would be e x p e c t e d  a t  e q u i l i b r i u m .  The c o n t i n u o u s  i n -  
crease of vanadium c o n c e n t r a t i o n  I n  the r e c y c l e  s o l u t i o n  
w a s  s s m e w h a t  s u r p r i s i n g .  Although n o t  measured  t h r o u g h o u t  
r u n s  3 aiid 4 ,  t h e  c o n c e n t r a t i o n  was ~ 0 . 1  g / l i t e r  a t  t h e  end  
of run 4, i n d i c a t i n g  n e g l i g i b l e  b u i l d u p  of vanadium. 
Whether the h i g h e r  vanadium s o l u b i l i t y  o b t a i n e d  i n  r u n  5 
c a n  be attributed t o  the p r e s e n c e  of a h i g h e r  c o n c e n t r a t i o n  
of mnlybdenum, o r  t o  some other lactor,  h a s  not been estab-  
l i s h e d .  I t  s h o u l d  be noted t h a t  the o b t a i n i n g  of uranium 
p r o d u c t s  of l o w  vanadium content i n  t h e  Dapex p r o c e s s  is 
n o t  dependen t  on o b t a i n i n g  f a v o r a b l e  s e p a r a t i o n  i n  t h e  
s t r i p p i n g  step s i n c e ,  If desired, vanadium can be r e a d i l y  
s c r u b b e d  from t h e  e x t r a c t  w i t h  d i l u t e  s u l f u r i c  a c i d  p r i o r  
t o  s t r i p p i n g ,  

The c a l c i n e d  p r o d u c t  from r u n  5 c o n t a i n e d  ( i n  a d d i t i o n  
to 0.024% Mo and 0.4% Vz05 p r e v i o u s l y  men t ioned)  9 6 . 2 %  

WN03 -ins01 u b l e  uranium. 
U3Os, 1.0% Fe, 0,04% N f I , ,  0.87Vo CO, 0,04% P O 4 ,  and 0.0024% 

Accumulat ion o f  S o l i d s  on Equipment .  The AUT t e n d e d  
to accumula t e  fs4owly a s  t enac3ous  scale on g l a s s  equip-  
ment i n  t h e  f i r s t  s t r i p p i n g  stage b u t  d i d  n o t  a d h e r e  t o  
Tygsn t u b i n g  or t o  P l e x i g l a s .  Replacement  of t h e  o r i g i n a l  
glass m i x e r - s e l t  ler  w i t h  one  adkn o f  P l e x i g l a s  a l l e v i a t e d  
this problem, T h i s  sugges t s  t h a t  scale formation might  be 
a v o i d e d  i n  a p r o d u c t i o n  f a c i l i t y  by j u d i c i o u s  c h o i c e  o f  
c o n s t r u c t i o n  materials f o r  t h e  f irst  s t r i p p i n g  s tage .  
K O W ~ V B P P ,  o c c a s i o n a l  shutdown and c l e a n i n g  ( t h e  scale d i s -  
solves i n  h o t  water a n d  more r e a d i l y  in d i l u t e  a c i d )  of 
t h e  equipment  might  s t i l l  be r equ i r ed .  

_I_.. -s 

5.11 Recovery o f  Uranium from B l e e d  S o l u t i o n  
___l___l.. ..... _._.___II 

The uranium i n  t h e  bleed  s o l u t i o n ,  which i n  r u n s  4 
and 5 c o n s t i t u t e d  -1% of the total uranium 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  from molybdenum, Good recov- 
eries and favorable  s e p a r a t i o n  from molybdenum were ob- 
t a i n e d  by boiling the bleed solution to p r e c i p i t a t e  uranium 
o r  by a c i d i f y i n g  the  s o l u t i o n  and passing i t  through a 
carbon esltm-san to adsorb  molybdenum I 

B o i l i n g  the B l e e d  S o l u t i o n .  R o i l i n g  a bleed  s o l u t i o n  
t o  b i s t i ~ ~ ~ ~ n i a a n ' d ~ c a r & o n  T i o x i d e ,  u n t i l  t h e  pW dropped 
t o  -8,  c a u s e d  p r e c i p i t a t i o n  of >99% of the uranium,  whereas 
n1os%; of t h e  moEybdenum s t a y e d  i n  s o l u t i o n :  
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B o i l i 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 , a  
Time, g / l i t e r  % of t o t a l  

1 I n i t i a l  9 . 2  5 . 3  4 . 3  - - 
S o l u t i o n  min PH u MO u MO 

2 0  8 . 9  3 .7  3.8 30 1 2  
25 8.8 0 . 2 4  3 . 6  95 1 7  
55 7 . 7  0 .014  3 . 1  9 9 . 7  2% 

2 I n i t i a l  9 . 3  2 . 8  5 . 0  - 
25 8 . 4  0.017 4 . 3  99 .9  1 4  

aBased on head s o l u t i o n  and  s u p e r n a t a n t  a n a l y s e s .  

I n  a n o t h e r  t es t ,  w i t h  a bleed s o l u t i o n  c o n t a i n i n g  2 . 1  g o f  
U ,  1 1 . 8  g of Mo, and  1 g of V per l i t e r ,  b o i l i n g  u n t i l  t h e  
pH d e c r e a s e d  t o  8 . 4  p r e c i p i t a t e d  99 ,8% of t h e  u ran ium,  -50% 
of t h e  vanadium, and  o n l y  2% of the molybdenum. The better 
s e p a r a t i o n  from molybdenum i n  t h i s  test migh t  have been  due  
t o  t h e  p r e s e n c e  of vanadium b u t  t h i s  h a s  n o t  been  estab- 
l i shed  e x p e r i m e n t a l l y .  The uranium p r e c i p i t a t e  o b t a i n e d  by 
b o i l i n g  t h e  bleed s o l u t i o n  c a n  be d i s s o l v e d  i n  t h e  p r e g n a n t  
leach l i q u o r  and  r e p r o c e s s e d  t h r o u g h  t h e  e x t r a c t i o n  c i r c u i t .  

A d s o r p t i o n  of Molybdenum on A c t i v a t e d  Carbon.  T h i s  
method has been  tested o n l y  w i t h  bleed s o l u t i o n  from a con-  
t i n u o u s  t e s t  on ammonium c a r b o n a t e  s t r i p p i n g  of a t e r t i a r y  
amine e x t r a c t a n t .  S i m i l a r  r e s u l t s ,  however ,  would be ex- 
pected i n  t r e a t i n g  bleed s o l u t i o n  from t he  Dapex s y s t e m .  
An Amex bleed s o l u t i o n ,  c o n t a i n i n g  -1 g o f  U and 8 g of Mo 
per  l i t e r ,  was a c i d i f i e d  t o  pH 1 . 5  w i t h  s u l f u r i c  acid and  
p a s s e d  t h r o u g h  a n  1 1 - i n .  bed of 20x50 mesh Type OL a c t i v a t -  
ed c a r b o n  ( P i t t s b u r g h  Coke and Chemical  Company). More 
t h a n  96% of t h e  uranium and o n l y  20% o f  t h e  molybdenum 
p a s s e d  t h r o u g h  the  column. T h i s  s o l u t i o n  c o u l d  be 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 .  The column ( l o a d e d  t o  -270 g o f  
molybdenum p e r  l i t e r )  w a s  r e g e n e r a t e d  w i t h  2 g N H 4 0 H .  If 
desired, r e l a t i v e l y  h i g h - p u r i t y  molybdic  o x i d e  c o u l d  be re- 
c o v e r e d  from t h e  e l u a t e  by e v a p o r a t i o n  and  c a l c i n a t i o n  of 
t h e  r e s i d u e .  

6 . 0  REAGENT COSTS 

Based on  da ta  from continuous runs 4 and 5, reagent 
costs ( e x c l u d i n g  t h e  c o s t  of r e d u c i n g  fe r r ic  i r o n  i n  t h e  
feed l i q u o r )  for e x t r a c t i o n ,  s t r i p p i n g ,  and  p r e c i p i t a t i o n  
are e s t i m a t e d  a t  -1Od per pound of U 3 0 ,  (Table 6 . 1 ) .  T h i s  
estimate assumes u s e  of commercial  c a r b o n  d i o x i d e  (5d per 
pound) .  The use of f l u e  g a s e s  as a s o u r c e  of c a r b o n  
d i o x i d e  o f f e r s  a p o t e n t i a l  c o s t  saving of -2d p e r  pound of 
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U308. Recovery of s t r i p p i n g  r e a g e n t  from t h e  c a l c i n e r  o f f -  
g a s e s  o f f e r s  f u r t h e r  p o t e n t i a l .  f o r  d e c r e a s i n g  r e a g e n t  c o s t s .  

T a b l e  6 . 1  E s t i m a t e d  Reagent  C o s t s  for Ammonium ~- 
Carbona te  S t r i p p i n g  ...._ ~ l _ l  

Assumes t r e a t m e n t  o f  a l i q u o r  c o n t a i n i n g  1 . 2  g of 
U308 p e r  l i t e r  

.._ _I__ .____ 
U n i t  

Consumption , C o s t  , C o s t  , 
Chemical  Consumption l b / l b  - U S 0 8  . ~ . . . .  d/lb d/ lb  U30, 

NH3 S t r i p p i n g  0 . 6 0  5 . 9  3 , 5  

COZ S t r i p p  i ng 0 . 5 5  5 2 , 8  

D2EHPA D i s t r i b u t i o n  t o  
r a f f i n a t e "  < o .  0 0 4  1 0 0  ~ 0 . 4  

DAAP D i s t r i b u t i o n  t o  
r a f  f inate" < O .  0 0 4  100 < O .  4 

Orgaiiic E n t r a i n m e n t  and  
2 . 6  

T o t a l  9 . 7  

5 3d/ga l  -I_- 

phase  s p i l l a g e b  0 . 0 5  g a l  

" D i s t r i b u t i o n  losses .to r a f f i n a t e  of DZEIIPA and DAAP are <5 
ppm. Losses t o  b l e e d  s o l u t i o n  are i g n o r e d  s i n c e  volume is 
s o  small. 

volume. 
bEnt ra inment  and  spi l . l .age e s t i m a t e d  a t  0 . 0 5 %  o f  raf f iiiate 
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8.0 APPENDIX 

8 . 1  D e s c r i p t i o n  of Equipment 

The mixer-settlers u s e d  i n  t h e  c o n t i n u o u s  r u n s  were 
similar t o  those d e s c r i b e d  i n  ORNL-2172, Appendix A. 
S o l u t i o n  flows w e r e  c o n t r o l l e d  w i t h  f l o w r a t o r s  w i t h  
microbellows pumps, and s l u r r y  streams were t r a n s f e r r e d  
w i t h  a f i n g e r  pump. 
ment is g i v e n  i n  T a b l e  8.1. 

I n f o r m a t i o n  on t h e  size of t h e  e q u i p -  

Table 8 . 1  S i z e  o f  Equipment Used 
i n  Con t inuous  T e a t s  

Uranium s t r i p p i n g  

Mixer volume,  stage 1 
stage 2 

S e t t l e r  volume, stage 1 
s t a g e  2 

Settler area, s t a g e  1 
stage 2 

Recyc le  s o l u t i o n  r e s e r v o i r  

Working volume 
Area 

980 m l  
720 m l  

3040 m l  
1090 m1 

2 20 in, 
12 i n . 2  

2000-5000 m l  
20 i n 2  








