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ABSTRACT 

The chemica l  f e a s i b i l i t y  of t h e  Dapex and h e x  s o l v e n t  
e x t r a c t i o n  p r o c e s s e s  f o r  r e c o v e r y  o f  uranium from s u l f u r i c  
acid leach s l u r r y  ( 2 0  w t  70 s o l i d )  of magnesium r e d u c t i o n  
slag was demonstrated, Extraction i s o t h e r m s  show that only 
3 to 4 theoretical  stages are needed for good u rmiuna  
rccoverg. Phase s e p a r a t i o n  is r a p i d  w i t h  v i r tua l lby  no 
emuls ion  i f  the mixing  is c o n t r o l l e d  to d i s p e r s e  slurry in 
c o n t i n u o u s  s o l v e n t  phase 

I n  c o n t i n u o u s  c o u n t e r c u r r e n t  tests w i t h  the napex 
process u s i n g  5 e x t r a c t i o n  stages and 3 strip stages ux-aniurn 
r e c o v e r y  w a s  99.$%, and t h e  p r o d u c t  contained -=..500 ppn of 
any one i m p u r i t y ,  The s o l v e n t  l o s s  was less than 0 , s  
g a l / l O Q Q  g a l  of s l u r r y ,  The cost o f  c h e m i c a l s  f o r  e x t r a c -  
t i o n ,  s t r d p p i n g ,  p r e c i p i t a t i o n ,  and s o l v e n t  l o s s  w a s  13d per 
pound o f  uranium recovered, 
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1 , O  XNTRODUC'Y'POH 

Uranium w a s  recovered from t h e  s l a g  r e s u l t i n g  f r o m  .% 
magnesium r e d u c t i o n  o f  UF4  t o  m e t a l ,  by m o d i f i e d  Amex and 
Dapex p r o c e s s e s .  The s l a g  c o n s i s t s  of f i n e l y  d i v i d e d  
uranium m e t a l  and u n r e a c t e d  U F 4  d i s p e r s e d  i n  magnesium 
f l u o r i d e ,  I n  o r d e r  to deaoas t ra tce  %he a p p l i c a b i l i t y  o f  
these p r o c e s s e s  to the r e c o v e r y  of uranium € r o ~  s l a g  s l u r r y I  
it w a s  necessary t o  t e s t  the effects of  s e v e r a l  f a c t o m  
which d i f f e r e d  from the  e s t a l l i s h e d  t echno logy  deve loped  f o r  
uranium m i l l s  I n  a d d i t i o n  t o  uranium ex t r ac t ion  i s o t h e r m s  
t h e  i m p o r t a n t  f a c t o r s  were phase  s e p a r a t i o n ,  r eagen t  
a d s o r p t i o n  on s l u r r y  s o l i d s ,  and s o l v e n t  losso Counter -  
c u r r e n t  t e a t s  were used to demonstrate one of s e v e r a l  
p o s s i b l e  f l o v s h e e t s ,  

One method f o r  t h e  r e c o v e r y  o f  uranium from - t h i s  s l a g ,  
i n  u s e  at t h e  Y-'12 p l a n t  a% O a k  Ridge ,  Teanessee, u s e s  
s u l f u r i c  acid l e a c h ,  fo l lowed  by ppf a d j u s t m e n t  w i t h  sodium 
c a r b o n a t e  and f i l t r a t i o n  t o  r e p a r e  feed. f o r  t h e  H i g g i n s  
i o n  exchange column. p r o c e s s ,  f J  

A s  an a l t e r n a t i v e  t o  ion. exchange ,  s o l v e n t  e x t r a c t i o n  
w a s  tested f o r  r e c o v e r y  o f  u r a n i u n  from t h e  leach s l u r r y  
w i t h o u t  p r i o r  pH a d j u s t m e n t  ox" f i l t r a k i o n .  The s o l v e n t s  
c o n s i d e r e d  w e r e  those u s e d  i n  t h e  A m e x  a n d  Dapex solvent 
e x t r a c k i o n  processes, b o t h  of which are used commerc ia l ly  
f o r  recovery of uranium from ore l e a c h  s o l u t i o n s  i n  uranium 
m i l l s  II The Amex p r o c e s s 3  9 u s e s  c e r t a i n  Bong--chain. amines 
d i s s o l v e d  i n  ke rosene  which e x t r a c t  uranium by a n i o n  
exchange ana logous  Lo r e s i n s .  Uranium c a n  be s t r i p p e d  from 
t h e  s o l v e n t  by  bases s u c h  as sodium c a r b o n a t e  or magnes ia  
and ac i  h l o r i d e  or n i t r a % e  s a l t  s o l u t i o n s .  The Dapex 
p r o c e s s  j9' u s e s  d i  (2-ethylhexylgphosphoric a c i d  (BZEHPW) i n  
k e r o s e n e ,  u s u a l l y  mod i f i ed  w i t h  t r i b u t y l  phospha te  (TBP) t o  
p r e v e n t  t h i r d  phase  f o r m a t i o n  and $8 enhance  t h e  uranium 
e x t r a c t i o n  c o e f f i c i e n t s .  Uranium is u s u a l l y  s t r i p p e d  w i t h  
s o l u L i o n s  of  sodium or  a x m n i w m  c a r t o n a  Le 

2 0 EXTRACTION REAGEN'YI'S 

S e v e r a l  batches of s l a g  leach s l u r r y  (Table  lI) ,obtained 
from t h e  Y-12  p l a n t ,  w e r e  used i n  t h e  tests, The s l u r r y  
c o n t a i n e d  2 0  w t  % i n s o l u b l e  s o l i d s  and a b o u t  5% free 
s u l f u r i c  acid.  The i n s o l u b l e  s o l i d s  w e r e  nearly an e q u i -  
molar m i x t u r e  of c a l c i u m  s u l f a t e  and magnesium f l u o r i d e .  
The major c o n s t i t u e n t s  i n  s o l u t i o n  were uranium,  magnesium, 
and sulfate, 



T a b l e  1, Slag  S l u r r ~  Feed 

2 1 Ex%rac-O;ion Isotherms 

. 

Batch  e q u i l i b r a t i o n  5ests were made t o  s t u d y  the  effect 
of s l u r r y  pH i n  the range 0,4 t o  0 - 7  and r e a g e n t  m o l a r i t y  on 
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 ,  The o r g a n i c  r e a g e n t s  s t u d i e d  
were a secondary amine (Rohm and H a a s ,  LA-11, a t e r t i a r y  
amine ( t r i - i s o - o c t y l )  and d i ~ 2 - e ~ h y l h e x y l d p h o s p h o r i c  acid 
(142EHPA). The extraction coefficients f o r  each amine a t  a 
slurry pH of 0,4 w e r e  nearly t h e  same w h i l e  that fo r  DZEHPA 
at a s l u r r y  pH of 8 , 4  w a s  h i g h e r  by a fac tor  of 2 (Table  2 3  e 

R a i s i n g  the pH of t h e  slurry froK 0 . 4  to 0 - 7  i n c r e a s e d  the 
e x t r a c t i o n  coefficlsn-k 2- t o  3 - f o l d  for both the 0 - 1  M 
R o b  and H a a s  LA-1 and t h e  Q, 1 M D2EHPA (Table  2 )  

I 

Isotherms fo r  the 8 . 1  M s o l u t i o n s  of D2EHPA ( 3 %  TBP) 
and the  amines at a s l u r r y  $-I of 0 , 4  and 0 , 7  are p l o t t e d  i n  
F ig .  1, The uyassium concentrations i n  t h e  slurry at 
e q u i l i b r i u m  w i t h  s o l v e n t  uranium l o a d i n g s  of Q , 1 ,  2 , 0 ,  and 
4,O g/ l i te r  were used t o  c a l c u l a t e  t h e  e x t r a c t i o n  c o e f f i c i e n t  
(E%) for each extrac%an%, 

I 

T a b l e  2 ,  Uranium Extraction. C o e f f i c i e n t s  for 0,l M Reagents 

0 4  1 0  
T r i - i s o - o c t y l a r  ine 
5% tridb~yl alcohol 6 , 8  1 . 8  

R o h m  and  H a a s  LA-1 0 , 4  10 6.8 1.8 
3% t r i d e c y l  a l c o h o l  Q,7 2 3  7 3  2 . 7  

DL?WPA, 3% TBP Q ” 4  1 5  11 2 . 7  
0 , 7  53 2 4  8 .  Q 
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The isotherm f o r  0 . 2 4  Ra DZEBPA (5% 'PEW) is plotted in 
F i g .  2 ,  ExtYactPon cosffic~e~ts were calculated at t h e  same 
anole ratio of uranium to extra,ctan$ as w a s  used for 0.1 M 
DZEHBA t~ show t h e  r e l a t i ~ e  effect of aeagen-t concentratxon 
on e x t r a c t i o n ,  The ir:crease i n  the ext rac t ion  coefficient 
for the Q , 2 4  M D2EHPA over that found for the 0.1 M DZEHPA 
approximates xhe increase expeetsd, t h a t  is, by the s q u a r e  
of the concentration of -:he uncomp~execi x-eagezitb (~sble 3 )  

The number of theoretical stages r equ i r ed  for 99.9% ex- 
traction of uranium w i t h  eaGh ~ ~ l v e n t  a t  a uranium loading 
80% of m a x i m u m  is shown in %able 4 .  An example of t h e  graph- 
i ca l  determina t ioa  o f  stages is shown i n  Figo 2. Although 
the uranium loading v a r i e d  from 3 , 8  to 5.0 g/li tea- for 0,l &I 
S Q ~ W ~ X I ~ S ~  the nuanbsr of stages for all solvents tested w a s  Tn 
the range 2 , 7  to 3 . 6 .  The pfk of the slurry had more effect 
than either type  O R  csncen.lra$ion of extractant. 

Table 4. Theoretical Stage Requirements - 
Uranium @om (I * Slurry No. of 

-I__- So1.ven-t in SOLYefi~:, g/lPter pH Stages 
0. I. M Eohni and H a a s ,  L A - I ,  3 ,  A 8 . 4  3 - 6  

3%-%ridecyl alcohol 3 . $  0,7 2 . 9  

4.3 0 - 4  3 . 0  
5,Q 0 - 7  2 . 8  

I d . 0  0 .  7 2 . 7  

*Loading of 30% of naximazearm i n  equilibrium with s l u r r y .  
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2 ~ 2 -._ Reagent Adsorption - 

T h e  residence tine required for 89% stage efficiency of 
a continuous f l o w  mixo;p, c a l c u l a t e d  f r o m  t h e  batch rate eon- 
st;anl;s59 1% 2 ,5  min for Dapex a? a power i n p u k  of 67 hpd18QQ 
gal and i8,4 m i n  for A T ~ X  ab; 2 0  hp/'lOOQ g a l ,  



2 , 4  ComDarison of Reagents  

The c h o i c e  between t h e  Dapex and Amax p r o c e s s e s  f o r  
a p p l i c a t i o n  t o  s l a g  s l u r r y  is n o t  c l e a r c u t .  The main 
a d v a n t a g e s  of Dapex are:  (1)  uranium e x t r a c t i o n  is by c a t i o n  
exchange which p e r m i t s  good decon tamina t ion  from s u l f a t e ,  
w h i l e  i n  the ATEX p r o c e s s  e x t r a c t i o n  is by s u l f a t e  a n i o n  
e o a p l e x  s i m i l a r  to  anioi i  exchange r e s i n s ;  ( 2 )  the e x t r a c t i o n  
c o e f f i c i e n t s  are higher  t h a n  t h o s e  f o r  -the amines t e s t e d . .  
The main advan tages  of  Amex are:, (1 )  amines are more selec- 
t i v e  f o r  uranium and p e r m i t  better s e p a r a t i o n  from o t h e r  
metals,  p a r t i c u l a r l y  iron(I1I); ( 2 )  t he  rate of e x t r a c t i o n  
w i t h  amii?ss is r a p i d ,  which would a l l o w  more freedom i n  
c h o i c e  of t y p e  o f  c o n t a c t o r  best s u i t e d  for s l u r r y  e x t r a c -  
t i o n .  

3 0 PHASE SEPARATION 

3 .1  Batch  T e s t s  

Because o f  t h e  impor tance  of p r i m w y  phase  s e p a r a t i o n  
on c o n t i n u o u s  o p e r a t i o n ,  b a t c h  tests were made on samples  of 
1 2  d i f f e r e n t  b a t c h e s  of  s l u r r y  to  s t u d y  khe e f f e c t  o f  phase  
r a t i o  and c o n t i n u o u s  phase  mixing  on p r imary  phase  break 
t i m e ,  I n  b a t c h  tests t h m r e  w a s  v i r t u a l l y  no pefmanent emul- 
s i o n  f o r n a t i o n ,  For both Dapex and  h e x  t y p e  s o l v e n t s  w i t h  
aqueous-cont inuous  mixing h r e a k  times w e r e  a p p r o x i m a t e l y  5 
m i n  w h i l e  w i t h  s o l v e n t - c o n t i n u o u s  mixing  i n  s a c h ' c a s e  b r e a k  
t i m e s  w e r e  0 . 5  to 1 min,  A b e a k  t i ne  of  5 min is too l o n g  
f o r  p r a c t i c a l  u s e  i n  a c o u n t e ~ c u r r e n t  m i x e r - s e t t l e r  s y s t e m ;  
t h e r e f o r e  s o l v e n t - c o n t i n u o u s  mixing s h o u l d  be u s e d ,  Both 
aqueous-cont inuous  and  s o l v e n t - c o n t i n u o u s  mixing a t  a/o 
phase  r a t io s  o f  l/1 and 1/5 were teated i n  a 3-in0 b a f f l e d  
t a n k  mixe r .  So lven t - con t inuous  mixing  c o u l d  mot be main- 
t a i n e d  w i t h  e i t h e r  s o l v e n t  a t  the  1/1 phase  r a t i o ,  and t h e  
r a t i o  had t o  be d e c r e a s e d  t o  l/s0 

The c h a r a c t e r i s t i c s  of  ?:he slurry feed, obserwd i n  t h e  
phase  b r e a k  tes ts ,  i n d i c a t e d  t h a t  a c o n t a c t o r  w i t h  a low 
aqueous / so lven t  ra t , io  w a s  needed to e n s u r e  p r o p e r  mixing  
conditions ( s o l v e n t  c o ~ t i a u o u s ) ,  The o p e r a t i o n  o f  a conven- 
t i o n a l  m i x e r - s e t t l e r  u n d e r  t h e s e  c o n d i t i o n s  n e c e s s i t a t e s  a 
forced e x t e r n a l  s o l v e n t  r e c y c l e  for  e a c h  u n i t ,  and two types  
of c o n t a c t o r s ,  a mixer  c o l u ~ n  and a Turbo n i x s r - s e t t l e r ,  
d e s i g n e d  for a low a q u m m a / s s l v e n t  r a t i o ,  were tested f o r  
t h e  e x t r a c t i o n  of uranium i r n  a c o u n t e r c u r r e n t  s y s t e m  The 
Turbo mixer-settler was t he  ~ O S L  s u c c e s s f u l .  
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3 . 2  Mixer Column 

A 4 - i n ,  10-compar tnent  mixe r  columnlO was tested t o  
find t h e  e f fec t  of i ~ p e l l s r  speed, s l u r r y  t h r o u g h p u t ,  
h o r i z o n t a l  baffle h o l d  s ize ,  and inpeller l o c a t i o n  o m  t h e  
s l u r r y  r e t e n t i o n  time i n  the coluannm. The s l u r r y  w a s  i n t r o -  
duced i n % o  t h e  t o p  of the column c o u n t e r c u r r e n t l y  t o  t h e  
solarent  at a s e t  i x p e l l e r  speed and the column was a l lowed  
t o  cor@ to steady state, The flows w e r e  t h e n  s h u t  down and  
t h e  s l u r r y  ho ldup  was .neasulrecb, The s l u s r y  r e t e n t i o n  t i m e  
i n  t h e  coPramn remained v i r t u a l l y  constant ( 2 . 4  t o  2 . 8  min)  
over t h e  range of i m p e l l e r  s p e e d s ,  5 0 0  t o  7188 rpm, and 
s l u r r y  t h r o u g h p u t  of 6 4  t o  440 m l / n i m  (Table 7 ) .  The loca- 
tion of t h e  i m p e l l e r  i n  t h e  compartments or s ize  of the h o l e  
i n  the h o r i z o n t a l  baffle (1 o r  2 i n . )  seemed to have  l i t t l e  
effect OZI the s l u r r y  retention time, I n c r e a s i n g  t h e  i m p e l l e r  
speed above 708  rpm 01" the s l u r r y  th roughpu t  Q Y ~ F  440 ml/min 
c a u s e d  $he mix ing  to izrver t  to aqueous con t inuous ,  which 
flooded the eolumn, The maximum slurry t h r o u g h p u t  w a s  
e g u i v a l e n 5  to l.4 gal /min  pes s p u m e  foot of column area. 

Table 7. Mixer Column ---- Holdup Tes t s  

Aqueoiis feed: 2 0  w% % s l i u r ~ y  
S o l v e n t  feed:  DZEHPA, 3% TBP 
Flow r a t i o ,  a/o: l/l05 
Compa~tnants (10) : 2 x 4 in. 
Impellers (10): 2 i n ,  4-bPaded t u r b i n e  

1 - i n ,  h o l e s  i n  h o y i z o n t a l  baffles 

500 44 176 2 , 8  
700 1QQ 264 2 , 6  

I 

- 
2 - i n .  holes i n  h o r i z o n t a l  baffles 

700  
7 0 0  
7 0 0  

1200 

200 500 2 . 5  
-140 1068 2 , 4  
588 Phase inversion 
300 Phase invel-s i o n  

The stage eff ic ieccy of the mixe r  column w a s  measured 
u n d e r  the operating c o n d i t i o n s  (Table 7 )  which gave  t h e  
greatest slurry resid.e.n?.ce t i m e  ( 2 , 8  r a i n ) ,  A t  s t e a d y  s t a k e  
t h e  uranium content of t h e  r a f f i n a t e  was 2 . 5  g / l i t e r ,  which 
showed t h a t  the e n t i r e  column w a s  s q u i v a l e n t  t o  one theo -  
re t ica l  stage that t h e  average efficiency of each com- 
p a r t m e n t  w a s  about l o % ,  The l o w  e f f i c i e n c y  is due  %o 
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i n a d e q u a t e  r e s i d e n c e  L i m e  and hackmixing o f  s o l v e n t  i n  t h e  
column 0 

3 . 3  Turbo-Mixes -_ 

A commercial  Turbo m i x e r - s e t t l e r  * experimenRa1 model 
w a s  tested as a s i a g l e - s t a g e  extTac-kor t o  de t e r in ins  the 
e f f e c t  o f  in- ,pel las  speed and i n t e r f a c e  l e v e l  on s l u r r y  r e k e n -  
tion t i m e ,  The r e s i d e n c e  L i m e  of s l u r r y  was v i r t u a l l y  
independen t  of the i a p e l l e r  speed i n  t h e  r a n g e  $58 t o  9 5 8  rpm 
and i n t e r f a c e  l e v e l  r a n g i n g  frQm 1 2  t o  1 8  i n .  below the 
I m p e l l e r  (Table  $1 Phase i n v e r s i o n  t o  aqueous -con t inuous  
o c c u r r e d  i f  the i n t e r f a c e  l e v e l  was less khan 10 i n ,  below 
the i m p e l l e r ,  Although the maximum f low c a p a c i t y  w a s  n o t  
deterz;u.,ined, the f l o w  ra te  of 1,1 gal/miaa pe r  square foo t  of 
s a t t l e r  area was e s t a b l i s h e d ,  ylrhich p r o v i d e d  s u f f i c i e n t  
r e s i d e n c e  t i m e  f o r  good e x t m c l i o n  efficiency. 

T a b l e  8 ,  Turbo-Mixes Tests 

I m p e l l e r  I n t e r f a c e  L e v e l  S l u r r y  
Speed,  below I m p e l l e r ,  3 1 u r r y  Holdup, Res idence  
r13m i n ,  l i ters  T i m e ,  m i n  

650 1 2  
14,s 
1 6  
1 8  

750 1 4 , 5  

850 15  

950 1 6  

'7 0 5 2 - 3  

9 . 0  2 , 8  

The Turbo m i x e r - s c t L l e r  c o ; i s i s t e d  of  a 4--in, a e r a t o r  
i m p e l l e r  hood s i n g  assembly suspended i~: a 1 2 - i n 0 - d i a  by 
Z?-in,-deep t a n k ,  The tank vas f i l l e d  with s o l v s n k  80 t h a k  
t h e  i m p e l l e r  w a s  s u b m c ~ g e d  a b o u t  6 in, Slanrery feed was 
asye$ered d i r e c t l y  i n t o  t h e  mixer chzmber a t  a constant f l o w  
ra te  ( 3 . 2  l i t e r s / m i ~ ) ,  

The Dapax p r o c e s s  &Fig .  3 ,  Table '3) w a s  u s e d  t o  demon- 
s ta te  r e c o v e r y  of uranium fr?m l e a c h  s l u r q  (Table  1 ) .  The 

*Manufactured by Turbo Mixerj ,  a d i v i s i o n  of Genera l  American 
T r a n s p o r t a t i o n  C o r p o r a t i o n  
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3 EXTRACTION 

5 S t a g e s  
c 

S l u r r y  Feed  
50 ml/min 
8 , 5  g U/ l i te r  

> S l u r r y  R a f f i n a t e  
0 .006  g U / l i t e r  

O r g a n i c  E n t r a i n m e n t  

O r g a n i c  
Recovery 

Loaded 
O r g a n i c  
1 2  g U / l i t e r  

I+ 

Loaded S t r i r  
25  g U / l i t e r  

, 0 .35  ga1/1000 g a l  
s l u r r y  

UNCLASSIFIED 
ORN L-LR-DWG . 38820 

S c r u b  

U/l i ter  

l a r r e n  O r g a n i  
0 . 0 1  g U/liter 
35 ml/min 

STRIP 
3 S t a g e s  

t r i p  S o l u t i o n  
1 . 0  m3 
0 . 4  CO, 

HNO, N H 3  1 6 . 5  m l / m i n  

$. 
P p t  Fe  F i l t r a t e  

<0 .001  g U / l i t e r  

F i g .  3 .  F l o w s h e e t  f o r  u ran ium recovery f r o m  slag s l u r r y  by  Dapex process. 
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Table 9 .  Operating C o n d i t i o n s  f o r  Cont inuous  ___ 
C o u n t e r c u r r e n t  Tes Ss 

- 

S o l v e n t :  
Aqueous: 
S t r i p  s o l  
S c r u b  s o l  

0 , 2 4  )j D2EHPA i n  kerosene w i t h  5% TBP 
2 0  wt '?& slaasrry, 8 - 5  g of uranium p e r  l i t e r ,  p N  0 . 7  
u t i o n :  ammonium c a r b o n a t e ,  1 . 0  - M MH,, 0 - 4  - M @02 
u L i o n  ~ waiier 

E x t r a c t i o n  S t a g e s  ( 5 )  

Feed ratio, a /o  
Residence time i n  mixer 
S t i r r e r  s p e e d  

S t r i p p i n g  Stages ( 3 3  

Feed r a t io ,  a/o 
Res idence  time i n  m,Bxe:r 
S t i r r e r  speed 

Scrub S t a g e  (1 )  

0 . 5  
7 m i n  

700-8130 r p n  

8 , 5  - w i t h  aqueous recycle 
7 min 

700-800 r p w  

uranilatlill was stripped fros %he s o l - m r t d  w i t h  ammonium car- 
bobaatzell t o  o b t a i n  a sodium-free  product ,  
0 . 2 4  M DZEHBA i n  k e r s s s ~ s  c o n t a i n i n g  5% TBP. The e x t r a c t i o n  
sectiEin cons i s t ed  of f i v e  Turbo-mixer stages ( d e t a i l s  i n  
F i g .  4) and t h e  s t r i p ,  three m i x e r - s e t t l e r  stages. An 
o p t i o n a l  water s c r u b  s t ags  w a s  i n s t a l l e d  t o  remove e n t r a i n m e n t  
from t h e  loaded  so lven t  before  s t r i p p i n g .  The i n t e r s t a g e  
s o l v e n t  f l o w  w a s  by  g r a v i t y  and the  aqueous f l o w  was pumped. 
I n t e r f a c e  levels were m a i r )  t a i n e d  by a d j u s t i n g  t h e  pumping 
ra tes  o f  t h e  i n t e x t a g e  aqueous pumps, Mixing was c o n t r o l l e d  
to m a i n t a i n  okgan ie  - con t inuous  d i s p e r s i o n s  th roughou t  t h e  
sys t em.  

The e x t r a c t a n t  w a s  

The flow rates of slurry feed ,  s o l v e n t ,  water sc rub ,  and 
ammonium c a r b o n a t e  s t r i p  wew'e 5 0 ,  35 ,  2 ,  and 1 6 , 5  ml/min, 
r e s p e c t i v e l y ,  The f low r a t i o  i n  the e x t r a c t i o n  s e c t i o n  w a s  
s e l e c t e d  s o  Khat t h e  iaapasnium l o a d i n g  i n n  the s o l v e n t  w a s  abou t  
80% of t h e  e q u i l i b r i u m  v a l u e  p o s s i b l e  w i t h  t h e  uranium con- 
c e n t r a t i o n  i n  t h e  s l ~ , s r p  feed, Uranium w a s  s t r i p p e d  from t h e  
s o l v e n t  with a n  amnoriim ca rbona%e  solution ( 1 , O  M MH, 0,4 - M 
CO;!). The f low r a t e  of t h e  e t j r i p p i n g  s o l u t i o n  wag a d j u s t e d  
t o  p r o v i d e  10% e x c ~ ~ s s  of the sto5chiometr ic  r e q u i r e m e n t  for 
NH, 
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. 

UNCLASS fFI ED 
ORNL-LR-DWG. 38821 

Slag  Slurry  

------+ organic 

Slag S lurry  4 

Fig.  4. Turbo mixer-settler f o r  countercurrent tests. 
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4.1 Uranium Recoverv 

Analyses  of composi te  samples  t a k e n  d u r i n g  1 4  hr o f  
o p e r a t i o n  (Table 10) show t h a t  s t e a d y  s ta te  w a s  a t t a i n e d  i n  
less khan 4 hr, The average uranium concen t r a t ion .  i n  the 
s l u r r y  r a f f i n a t s  w a s  0 , 0 1 6  g / l i t e r ,  r e p r e s e n t i n g  99.8% 
uranium r e c o v e r y ,  The stage e f f i c i e n c y  of each Turho-mixer 
i n  t h e  extrac9,iorn section w a s  c a l c u l a t e d  from t h e  uranium 
p r o f i l e  d a t a  shown i n  Tab le  11 and F i g  2 .  S t a g e  e f f i c i e n c y ,  
e x p r e s s e d  as Mwphree  e f f i c i e n c y  based on the uranium con- 
c e n t r a t i o n  i n  t h e  aqueous phase ,  ranged  from 71 t o  89%, The 
a v e r a g e  w a s  abou t  80?h0, which is i n  good agreement  w i t h  t h e  
p r e d i c t e d  e f f i c i e n c y  f r o m  t h e  b a t c h  r a t s  measurements.  

Tab le  18 .  A n a l y s i s  o f  Composi te  Samples 

T i m e  Uranium, g / l i t e r "  S o l v e n t  En t ra inmen t ,  
h r  S t r i p  S o l u t i o n  S l u r r y  R a f f i n a t e  g a l / l Q 0 0  g a l  s l u r r y  

2 
4 
6 
8 

1 a  
12 
1 4  

Avg 

2 2 , s  
2 4 , 8  
2 % , 5  
2 5 , 4  

2 4 , 2  
2 4 . 6  
2 % , 8  

2 4 "  7 

0 ,014  
0 , 0 2 9  
0 ,017  
0 "  013 

0.017 
0.814 
0 . 0 0 6  

0 ,016  

- 
0.39 
0 .38  
0" 34 

0-43 
0 ,26  
0 .30  

0 , 3 5  

T a b l e  11. Uranium P r o f i l e  
IS 

U Conc,, g / l i t e r  
-.---I- --.I 

Organic  
-I_sl 

S t a g s  N o .  - Aqueous 
E x t r a c t i o n  S e c t i o n ,  a/o = 1.43 

1 3,60 1 2 . 3  
2 Q , J 8  5 . 0  
3 0 . 2 1 6  1 . 1 4  
4 0 , 0 5 7  0 , 3 1  
5 0 , 0 0 6  0.082 

. -- --_------111* .lllll--l 

-ll^-l_ll- 

Water ~cn. i i r ;  eO,O01 1 1 . 8  
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4.2  Uranium P u r i t y  

The l o a d e d  solvent w a s  scrubbed w i t h  water d u r i n g  p a r t  
of t h e  rean t o  d e t e r m i n e  the effect of aqueous e n t r a i n m e n t  
removal QI-A product p u r i t y ,  The p ~ ~ d u ~ t  a n a l y s e s  (Table  12) 
show t h a t  She water scrub decreased the amount of  m o s t  
i m p u r i t i e s  t o  ~ 5 0 0  ppm, The major i m p u r i t i e s  were s u l f u r ,  
s i l i c o n ,  phosphorus ,  irofi ,  and c a l c i u m ,  Decontaminat ion  
f a c t o r s  f o r  t h e  major i m p u r i t i e s  i n  t he  s l u r r y  feed,  
magnesium and  sulfate, were greater than P O , Q 6 9 0 ,  The loss of 
uranium t o  t h e  water scrub w a s  negligible (<Q.QOl g / l i t e r ) .  

T a b l e  1 2 ,  P r o d u c t  Ana lyses  

h o G n t  in Product,  ppm 
Element  ,No Water Scrub Water S c r u b  

S 6 5 0  
F - 
Be <Q. 1 
N i  6 
S i  450 

P 5 8 0  
L i  <2 
N a  25 

’ Mn 6 
M g  2 % 8  

Fe 6 5 0  
CU 6 
Cr 17 
C a  1008 
I3 1 2  

A l  
Cd 
CO 

V 

’is 
0 . 2  

<I 
5 

250 
<2 
28 
<1 
3 0  

100 
5 

<2 
98 

1 . 2  

4 
0 , 1  

<1 
c1 

The uranium w a s  e f f e c t i v e l y  s t r i p p e d  (99 .9%)  from t h e  
loaded so1ven.t; i n  three stages w i t h  10% e x c e s s  ammonium 
c a r b o n a t e .  The loaded s t r i p  s o l u t i o n  c o n t a i n e d  25 g of 
uranium p e r  l i t e r  and a small amount of p r e c i p i t a t e ,  which 
was main ly  f e r r i c  h y d r o x i d e ,  The p r e c i p i t a t e  was f i l t e r e d  
o f f ,  t h e  c a r b o n a t e  destroyed with n i t r i c  a c i d ,  and t h e  
uranium p r e c i p i t a t e d  w i t h  ammonia. The p r o d u c t  w a s  c a l c i n e d  
at 408°C t o  U 0 3 .  
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4 . 3  S o l v e n t  L o s s  

Phase s e p a r a t i o n  th roughou t  the sys t em w a s  s a t i s f a c t o r y .  
The e n t r a i n m e n t  of s o l v e n t  i n  the  s l u r r y  r a f f i n a t e  f r o m  the 
l as t  e x t r a c t i o n  s t a g e  w a s  equ iva len t .  t o  4 ga1/1000 ga l  o f  
s l u r r y .  Most of the s o l v e n t  w a s  r e c o v e r e d  i n  the s o l v e n t  
r e c o v e r y  t a n k ,  which w a s  ag i ta ted  w i t h  a l o w  s p e e d  rats and 
p r o v i d e d  a l i q u i d  r e s i d e n c e  time of 1 hr, The a v e r a g e  
e n t r a i n m e n t  l o s s  i n  t h e  d i s c a r d e d  r a f f i n a t e  (Tab le  1 0 )  w a s  
0-35 gal/lOQO g a l .  About 1 / 3  o f  t h e  s o l v e n t  c o l l e c t e d  i n  
the r e c o v e r y  tank w a s  i n  the form of  an e ~ n ' ~ l ~ i ~ n ,  which 
s e p a r a t e d  on s t a n d i n g  overnigh% >or ~~polip. filtEation. The 
emuls ion  w a s  a p p a r e n t l y  s t ab i l i zed  by b l a c k  s o l i d s  which 
were ma in ly  manganese,  magnesium, and s i l i c o n .  Ba tch  phase  
s e p a r a t i o n  t e s t s  d e m o n s t r a t e d  t h a t  b o t h  Mn02 and §io2 
s t ab i l i ze  o i l - i n - w a t e r  type emuls ions .  The d i f f i c u l t y  
caused  by MnOz c o u l d  be e l i m i n a t e d  by uskng  some o t h e r  
o x i d a n t  i n  t h e  l e a c h i n g  s t ep ,  

4.4 Chemicall. Consumption 

The c o s t  of c h e m i c a l s  consumed f o r  e x t r a c t i o n ,  
s t r i p p i n g , a n d  p r e c i p i t a t i o n  o f  uranium w a s  13d per pound of 
uranium r e c o v e r e d  (Table  1 3 ) ,  The amounts o f  e a c h  chemica l  
u s e d  i n  d e t e r m i n i n g  t h e  cost  were t h o s e  a c t u a l l y  used  i n  
t h e  coun te rcu r remk  tests. The c o s t  of n i t r i c  a c i d  f o r  
d e s t r u c t i o n  of c a r b o n a t e  is t h e  largest s i n g l e  i t e m ;  u s e  of 
s u l f u r i c  acid would r e d u c e  cos ts  w i t h  an i n c r e a s e  i n  s u l f u r -  
c o n t e n t  of t h e  uranium p roduc t ,  which would n e c e s s i t a t e  a 
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 ,  The c o s t  o f  s o l v e n t  is 
based on  t h e  f i n a l  l o s s  i n  t h e  d i s c a r d e d  r a f f i n a t e  (0 .35  
ga1/1000 g a l ) ,  If t h e  solvcnnt r e c o v e r y  t a n k  is not  used  
t h e  s o l v e n t  c o s t  would be a b o u t  7d p e r  pound of uranium 
r e c o v e r e d .  

T a b l e  1 3  Chemical. ConsumBtion Cost 
----- 

Reagent  C O S < / ~ ~  Lb/lb U @ost/lb U 
S t r i p  4gz! 0 , 7 4  3. Qd 

4 0 , 7 6  3 . 0  
m3 
co2 

P r e c i p i t a t i o n  €IN03 3 1 , 8  5 . 4  
NH, 4 0 , 2 2  0 . 9  

Organ ic  L o s s  
C;Oo35 ga1/1008 
g a l  s l u r ~ y )  

15  0 ,04  0 . 6  

12,9d  
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