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ABSTRACT 

A s o l v e n t  e x t r a c t i o n  f l o w s h e e t  w a s  d e v e l o p e d  f o r  r e c o v e r y  
o f  s t r o n t i u m - 9 0  and  mixed r a r e - e a r t h  f i s s i o n  p r o d u c t s  f rom 
a d j u s t e d  P u r e x  1 W W  waste s o l u t i o n  by di(2-ethylhexy1)phosphoric 
a c i d  (DZEHPA) i n  Amsco 125-82 m o d i f i e d  w i t h  t r i b u t y l  p h o s p h a t e  
(TBP). F i r s t  c y c l e  f e e d  is p r e p a r e d  by a d d i n g  t a r t r a t e  and  
c a u s t i c  t o  t h e  waste s o l u t i o n  t o  complex t h e  i r o n  and a d j u s t  
t h e  p H .  S t r o n t i u m  and rare e a r t h s  are c o - e x t r a c t e d  w i t h  
DZEHPA-TBP-Amsco and  s t r i p p e d  w i t h  n i t r i c  a c i d  i n  t h e  f i r s t  
c y c l e ,  and t h e n  i s o l a t e d  as c o n c e n t r a t e d  p r o d u c t  s o l u t i o n s  by 
p r o c e s s i n g  t h r o u g h  a d d i t i o n a l  s o l v e n t  e x t r a c t i o n  c y c l e s .  
S a t i s f a c t o r y  p r o d u c t  r e c o v e r i e s  and  p h y s i c a l  o p e r a t i o n  w e r e  
d e m o n s t r a t e d  i n  b e n c h - s c a l e  b a t c h  and  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  s i m u l a t e d ,  u n i r r a d i a t e d ,  f e e d  s o l u t i o n s .  
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1 . 0  INTRODUCTION 

Megacur ie  q u a n t i t i e s  o f  f i s s i o n  p r o d u c t s ,  s u c h  as 
s t r o n t i u m  and rare e a r t h s ,  w i l l  be r e q u i r e d  i n  t h e  f u t u r e  f o r  
i n d u s t r i a l  a p p l i c a t i o n s .  To meet t h i s  demand, i t  . appea r s  
l i k e l y  t h a t  t h e  s i m p l e r  and more v e r s a t i l e  s o l v e n t  e x t r a c t i o n  
a n d  i o n  exchange  p r o c e s s  t e c h n o l o g i e s  w i l l  be  p r e f e r r e d  o v e r  
b a t c h  p r e c i p i t a t i o n  t e c h n i q u e s ,  which have b e e n  used  o r d i n a r i l y  
f o r  p r o d u c t i o n  o f  r e l a t i v e l y  s m a l l  amounts of  f i s s i o n  p r o d u c t s .  

D i  (2-ethylhexy1)phosphoric a c i d  (DZEHPA) . and  its sodium 
s a l t  (Na-D2EHP) are v e r s a t i l e  l i q u i d  i o n  exchange  r e a g e n t s  
t h a t  e f f e c t i v e l y  e x t r a c t  many c a t i o n s  from s l i g h t l y  a c i d i c  o r  
a l k a l i n e  s o l u t i o n s ,  a c c o r d i n g  t o  e i t h e r  o r  b o t h  o f  t h e  
rear. t ions1 

where s u b s c r i p t s  ( a )  and (0 )  i n d i c a t e  t h e  aqueous  and  o r g a n i c  
p h a s e s ,  X- r e p r e s e n t s  t h e  di(2-ethylhexy1)phosphate a n i o n ,  and 
[ H X ] ,  r e p r e s e n t s  t h e  d imer  form i n  which  t h e  a c i d  e x i s t s  i n  
h y d r o c a r b o n  s o l u t i o n .  F o r  sodium and s t r o n t i u m ,  

D e t a i l s  o f  t h e  sodium-strontium-D2EHP e q u i l i b r i a  are b e i n g  
d e t e r m i n e d .  Hydrocarbons  s u c h  as k e r o s e n e s  o r  Amsco 125-82 a r e  
s a t i s f a c t o r y  d i l u e n t s  f o r  DZEHPA and mamy of  its metal complexes 
i n  e q u i l i b r i u m  w i t h  a c i d i c  s o l u t i o n s ,  b u t  m o d i f i c a t i o n  o f  t h e  
d i l u e n t  w i t h ,  f o r  example ,  t r i b u t y l  p h o s p h a t e  (TBP) is needed 
t o  m a i n t a i n  m i s c i b i l i t y  o f  NaD2EHP. 1 

P r e l i m i n a r y  tests' showed t h a t  s t r o n t i u m  and rare. e a r t h s  
w e r e  e x t r a c t e d  w i t h  D2EHPA from NaNO, systems, h11t WRVF! not 
a p p r e c i a b l y  e x t r a c t e d  from a c i d i c  o r  n e u t r a l i z e d  Purex  waste 
s o l u t i o n s  p r i n c i p a l l y  because  o f  i n t e r f e r e n c e  o f  i r o n . 4  . 
T a r t r a t e  added t o  Purex  w a s t e ,  however,  e f f e c t i v e l y  complexed 
t h e  r e l a t i v e l y  l a r g e  q u a n t i t i e s  o f  i r o n  a n d ,  a t  t h e  same t i m e ,  . 
d i d  n o t  s e r i o u s l y  i n h i b i t  s t r o n ' t i u m  and r a r e  e a r t h  e x t r a c t i o n  
w i t h  D ~ E H P A . ~ , ~  T h i s  c o n c e p t  w a s  u sed  i n  t h e  development  of  a 
D2EHPA s o l v e n t  ' e x t r a c t i o n  p r o c e s s  i n  which s t r o n t i u m  and rare 
e a r t h s  c a n  be i s o l a t e d  from a t a r t r a t e  and c a u s t i c - a d j u s t e d  
P u r e x  waste. The f l o w s h e e t  is d e s c r i b e d  i n  S e c t .  2 ,  a . m .  . 
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c o u n t e r c u r r e n t  tests are r e p o r t e d  i n  S e c t .  3. The d e t a i l e d  
s t u d i e s  on which t h e  f l owshee t  w a s  based ,  and f u r t h e r  tests of 
some of  t h e  v a r i a b l e s ,  are r e p o r t e d  i n  S e c t .  4. 

The a u t h o r s  e x p r e s s  a p p r e c i a t i o n  t o  K.  B. Brown f o r  h e l p f u l  
s u g g e s t i o n s ,  t o  W .  B. Howerton and M .  D. B a r t l e t t  f o r  l abo ra -  
t o r y  a s s i s t a n c e ,  and t o  t h e  ORNL A n a l y t i c a l  Chemistry D i v i s i o n  
f o r  a n a l y t i c a l  s e r v i c e s .  In  t h e  min i  m i x e r - s e t t l e r  tests 
p a r t i c u l a r  acknowledgment is made t o  J. R. F l a n a r y ,  F. H. Goode, 
and L. A. Byrd f o r  a s s i s t a n c e  i n  assembly and o p e r a t i o n  of t h e  
equipment and t o  John Pee l e  f u r  a n a l y t i c a l  s e r v i c e s .  

2.0 FLOWSHEET 

Based on l a b o r a t o r y  tests wi th  s imu la t ed  s o l u t i o n s ,  a 
p r o c e s s  f o r  r ecove r ing  s t r o n t i u m  and t h e  rare e a r t h s  from Purex 
wastes is proposed (Fig .  2 . 1 ) .  

Feed P r e p a r a t i o n .  Purex waste 6 9 7  (de s igna t ed  1WW) is t h e  
c o n c e n t r a t e d  aqueous r a f f i n a t e  from t h e  TBP-HNO, p r o c e s s  by 
which plutonium and uranium are recovered  from plutonium pro-  
d u c t i o n  r e a c t o r  f u e l .  The s i g n i f i c a n t  c o n c e n t r a t i o n s  of i o n i c  
contaminants  (Table 2. l ) ,  such  as i r o n ,  s u l f a t e ,  and sodium, and 
t h e  s m a l l  amounts of t h e  d e s i r e d  f i s s i o n  p roduc t s  compl i ca t e  
f i s s i o n  p roduc t  s e p a r a t i o n  p roces se s .  C a u s t i c  a d d i t i o n  t o  t h e  
waste c o - p r e c i p i t a t e s  s t r o n t i u m  w i t h  t h e  i r o n  a t  pH 2 o r  g r e a t e r ,  
b u t  a complexing a g e n t  such  as tartrate y i e l d s  s t a b l e  s o l u t i o n s  
throughout  t h e  pH range 0-12 and does n o t  i n t e r f e r e  markedly 
w i t h  DZEHPA e x t r a c t i o n  of s t r o n t i u m  and r a r e  e a r t h s .  

The waste is made i n i t i a l l y  1 M_ i n  tartrate i o n  t o  p r even t  
i r o n  p r e c i p i t a t i o n  and t h e n  a d j u s t e d  t o  pH 5 . 5  i 0.5 w i t h  
c a u s t i c .  The r e s u l t i n g  f e e d  s o l u t i o n  (Table 2 .1 )  is about  3  
t i m e s  more d i l u t e  t h a n  t h e  o r i g i n a l  waste, w i t h  a f i n a l  tar t ra te  
c o n c e n t r a t i o n  of  about  0 .33 ~IL. Throughout t h e  expe r imen ta l  
program t h e  s i l i c e o u s  and phosphate  s o l i d s  normally p r e s e n t  i n  
t h e  w a s t e  showed no i n t e r f e r e n c e  w i t h  t h e  e x t r a c t i o n .  F i l t r a t i o n  
o r  c e n t r i f u g a t i o n  of t h e  waste o r  a d j u s t e d  f e e d  p r i o r  t o  p roces -  
s i n g  appears to ha o p t i u n a l ,  

F i r s t  Cycle:  Co-ex t rac t ion  of  S t ron t ium and Rare E a r t h s .  
The s t r o n t i u m  and rare e a r t h s  are co -ex t r ac t ed  from t h e  a d j u s t e d  
s o l u t i o n  by c o u n t e r c u r r e n t  c o n t a c t i n g  w i t h  t h e  s o l v e n t ,  0 . 3  K 
DZEHPA (0.21 M_ DZEHPA--0.09 NaD2EHP)--0.15 M_ TRP i n  Amsco 
125-82. (Af t e r  e x t r a c t i o n ,  t h e  DZEHPA/NaDZEHP r a t i o  i n  t h e  
s o l v e n t  may vary  s i n c e  t h e  r e l a t i v e  amounts o f  sodium and a c i d  
form of t h e  r e a g e n t  are dependent  on t h e  a c i d  and sud iun~  coacen- 
t r a t i o n s  of t h e  e q u i l i b r a t i n g  aqueous phase . )  The s t r o n t i u m ,  
rare e a r t h s ,  and sodium (from t h e  NaD2EHP) a r e  s t r i p p e d  from t h e  
s o l v e n t  w i t h  2  M_ H N 0 3 .  





T a b l e  2 . 1 .  Approximate  Compos i t i on  o f  P u r e x  Waste 

C o n c e n t r a t l o n  
O r i g i n a l  1 W W  A f t e r  Ad jus tmen t  t o  Feed  C o n d i t i o n s  

C o n s t i t u e n t  - M g / l i t e r  - M g / l i t e r  

H+ 4 .0  - pH 5 . 5 k 0 . 5  - 

NO, 4 .5  - 1 . 5  - 

so; 1 . 0  - 
PO? 0.01* - 

Zr-Nb - 0.60*  - 0 . 2 *  

R . E .  - 0 . 8 3  - 
CS+ - 0 . 3 7  - 
Ru - 0 . 2 9  - 

- - 

* A s  p p t .  

Al though a n  a p p r e c i a b l e  p o r t i o n . o f  t h e  i r o n  i n  t h e  f e e d  may 
be  e x t r a c t e d  i n t o  t h e  s o l v e n t ,  o n l y  a s m a l l  amount is s t r i p p e d  
i n t o  t h e  f i r s t  c y c l e  p r o d u c t .  L e s s  i r o n  is e x t r a c t e d  i f  t h e  
p h a s e  c o n t a c t  t i m e s  are h e l d  t o  a minimum. D e c o n t a m i n a t i o n  
from r u t h e n i u m ,  z i r con ium-n iob ium , and ces ium is a p p r e c i a b l e .  

Second C y c l e :  S t ron t ium-Rare  E a r t h s  P a r t i t i o n i n g .  The 
s e c o n d  c y c l e  f e e d  is' t h e  f i r s t  c y c l e  s t r i p  p r o d u c t  made 0 .004  M 
i n  t a r t r a t e  ( t o  complex t races  o f  i r o n )  and  a d j u s t e d  t o  pH 2  
w i t h  NaOH. The rare e a r t h s  are e x t r a c t e d  i n t o  s o l v e n t  o f  t h e  
same c o m p o s i t i o n  as i n  t h e  f i r s t  c y c l e ,  t h e  s o l v e n t  is s c r u b b e d  
w i t h  l . 2  g NaNO, a t  pH 2 ,  and  t h e  rare e a r t h s  arc t h e n  s t r i p p e d  
i n t o  2  M H N 0 3 .  The aqueous  r a f f i n a t e  c o n t a i n s  s t r o n t i u m  p l u s  
sodium and  o t h e r  c o n t a m i n a n t s  b u t  is e s s e n t i a l l y  f r e e  of  rare 
e a r t h s .  The rare e a r t h  s t r i p  s o l u t i o n  p r o d u c t  ("20 g  R E / l i t e r )  
is e s s e n t i a l l y  f r e e  of  s t r o n t i u m .  



S i n c e  t h e  m a g n i t u d e s  o f  b o t h  t h e  s t r o n t i u m  and rare 
e a r t h  e x t r a c t i o n  c o e f f i c i e n t s  are v e r y  pH d e p e n d e n t ,  l a r g e  
a q u e o u s  pH c h a n g e s  i n  t h e  s e c o n d  c y c l e  are a v o i d e d  by u s i n g  a 
low o / a  p h a s e  r a t . i o  t o  min imize  N a +  - H+ t r a n s f e r .  I t  is a l s o  
h e l p f u l  t h a t  t h e  s e p a r a t i o n  f a c t o r  between rare e a r t h s  and 
s t r o n t i u m  is a p p r o x i m a t e l y  c o n s t a n t  o v e r  t h e  pH r a n g e  0 .5-3  
( S e c t .  3 . 1 ) .  

T h i r d  and F o u r t h  C y c l e s :  S t r o n t i u m  S e p a r a t i o n  and  Concen- 
t r a t i o n .  The f e e d  t o  t h e  t h i r d  c y c l e  is t h e  aqueous  r a f f i n a t e  
f rom t h e  s e c o n d  c y c l e  a d j u s t e d  t o  pH. 6 .  S t r o n t i u m  is e x t r a c t e d  
by s o l v e n t  o f  t h e  same c o m p o s i t i o n  as u s e d  i n  p r e v i o u s  c y c l e s  
a n d  ( w i t h .  sod ium)  s t r i p p e d  w i t h  2  &! HNO,. 

I f  d e s i r e d ,  t h e  s t r o n t i u m  c a n  be  f u r t h e r  c o n c e n t r a t e d  i n  
a f o u r t h  c y c l e ,  s imi la r  t o  t h e  t h i r d .  The f e e d  is t h e  s t r i p  
s o l u t i o n  from t h e  t h i r d  c y c l e  a d j u s t e d  t o  pH 6 .  I n  t h e  f o u r t h  
c y c l e  p r o d u c t  t h e  s t r o n t i u m  c o n c e n t r a t i o n  is a f a c t o r  o f  70 
g r e a t e r  t h a n  t h a t  o f  t h e  o r i g i n a l  waste. 

S o l v e n t  Recovery :  Kemoval of  I r o n .  More t h a n  99% of  t h e  
i r o n  is removed from t h e  u s e d  s o l v e n t  by c o n t a c t i n g  c o u n t e r -  
c u r r e n t l y  f o r  s e v e r a l  s t a g e s  w i t h  0 .75  g Na,CO,--0.075 &! 
N a , C 4 H , 0 6 ,  O/A = 3/2. The t a r t r a t e  p r e v e n t s  s u b s e q u e n t  i r o n  
p r e c i p i t a t i o n . .  The r e c o v e r e d  s o l v e n t ,  a f t e r  p a r t i a l  a c i d i f i c a -  
t i o n  t o  t h e  o r i g i n a l  c o m p o s i t i o n ,  is r e c y c l e d  t o  t h e  e x t r a c t i o n  
s t e p .  

3 .0  FLOWSHEET TESTS 

B a t c h  c o u n t e r c u r r e n t  and c o n t i n u o u s  c o u n t e r c u r r e n t  e x p e r i -  
m e n t s  w e r e  made t o  tes t  t h e  c h e m i c a l  and p h y s i c a l  o p e r a b i l i t y  
o f  t h e  f  l o w s l ~ e e t  ( ~ i g .  2 . 1 ) .  D e c o n t a m i n a t i o n  f a c t o r s  and 
u l t i m a t e  p r o d u c t  p u r i t y  w e r e  n o t  d e m o n s t r a t e d  a b s o l u t e l y  S f n c e  
f a c i l i t i e s  were n o t  a v a i l a b l e  f o r  o p e r a t i o n  on  a s u f f i c i e n t l y  
h i g h  a c t i v i t y  f e e d .  Equipment  o p e r a t i o n  w a s  s a t i s f a c t o r y  w i t h  
p u l s e d  co lumns ,  m i x e r - s e t t l e r s ,  o r  a c o m b i n a t i o n  o f  t h e s e  
d e v i c e s  f o r  t h e  s e p a r a t e  o p e r a t i o n s .  

3 . 1  B a t c h  C o u n t e r c u r r e n t  E x p e r i m e n t s  

B a t c h  c o u n t e r c u r r e n t  tests were made o f  e a c h  p r o c e s s  c y c l e .  

F i r s t  Cyc le  : S t r o n t i u m  and Rare E a r t h  Co-ex t r ac  t loii and 
S t r i p p i n g .  I n  l a b o r a t o r y  b a t c h  c o u n t e r c u r r e n t  t e s t s  o f  t h e  
f i r s t  c y c l e  e x t r a c t i o n  and  s t r i p p i n g ,  t h e  d i s t r i b u t i o n  o f  t racer 
Ce-144 and  Sr -85  ( T a b l e  3 . 1 )  showed t h a t  >99'7'0 of  t h e  s t r o n t i u m  
and  -98% o f  t h e  rare e a r t h s  were e x t r a c t e d  and s t r i p p e d .  I r o n  
d i s t r i b u t i o n  d a t a  ( T a b l e  3 . 2 )  showed t h a t ,  a l t h o u g h  a b o u t  2870 
o f  t h e  i r o n  i n  t h e  f e e d  w a s  e x t r a c t e d ,  o n l y  0.17% w a s  s t r i p p e d .  
The s t r i p  p r o d u c t  c o n t a i n e d  0 . 1 4  g  S r ,  1.1 g  R.E. ,  1 3  g  N a ,  and 
0 . 0 3 9  g  Fe p e r  l i t e r  a n d  1 . 2  M HNO,. The d i s t r i b u t i o n  o f  o t h e r  



T a b l e  3 .1 .  F i r s t  C y c l e :  C o - E x t r a c t i o n  a n d  S t r i p p i n g  o f  S t r o n t i u m  

and  Rare E a r t h s  

O r g a n i c  p h a s e :  0 . 2 1  &! DZEHPA--0.09 )J NaD2EHP-0.15 &! TBP i n  Amsco 125-82 

Aqueous ph ,ase :  s y n t h e t i c  P u r e x  waste ( c o m p o s i t i o n  as shown i n  T a b l e  2 . 1 )  
a d j u s t e d  t o  0 . 3 3  U Na,C4H406 and  t o  pH 6 . 0  w i t h  N a O H ,  
p l u s  tracer Ce-144 and S r -85 ;  d i l u t i o n  f a c t o r  3  

S t r i p :  2  )J HNO, 

B a t c h  c o u n t e r c u r r e n t  r u n s ,  4  e x t r a c t i o n  s t a g e s ,  4  s t r i p  s t a g e s  

F e e d / e x t r a c t a n t / s t r i p  p h a s e  r a t io :  10 /20 /4  

Aqueous 
E q u i l .  Ce-144 Y ,  c / m .  m l  S r -85  Y ,  c / m .  m l  o I 

S t a g e  . pH Org Aq E: ~e Org Aq Ea S r  a 
I 

Feed  6 . 0  - 9 . 9 5 ~ 1 0 ~  - - 8 .  6 8 x 1 0 ~  - 

S t r - 1  1 . 7 1 ~ 1 0 ~  2 . 6 2 ~ 1 0  0 . 0 6 5  2 .2x102  2 . 2 5 ~ 1 0  0 . 0 0 1  

-2 7 .3x102  3 . 4 1 ~ 1 0  0 . 0 2 1  20 3 . 7 9 ~ 1 0  0 .005  

-3  2 . 1 ~ 1 0  3 . 4 4 ~ 1 0  0 . 0 6 1  . 20 7 . 2 ~ 1 0  0 . 0 2 8  
2  

-4  1 . 2 ~ 1 0  4 . 3 ~ 1 0  0 . 2 8  Bkgd 60 - 



f i s s i o n  p r o d u c t  a c t i v i t i e s  i n  t h e  f i r s t  c y c l e  w a s  shown w i t h  
f e e d  s p i k e d  w i t h  f i s s i o n  p r o d u c t s  f rom a P u r e x  HAW s o l u t i o n  
( T a b l e  3 . 3 ) .  D e c o n t a m i n a t i o n  f a c t o r s  w e r e  24 from Ru, 9  f rom 
Zr-Nb, and  26 from Cs .  

T a b l e  3 . 2 .  F i r s t  C y c l e :  E x t r a c t i o n  o f  Sodium, A c i d ,  

and  I r o n  

C o n d i t i o n s  same as i n  T a b l e  3 . 1  

S t a g e  F e ,  mg/ml N a ,  mg/ml H * 
N o .  Org Aq Org Aq Org ,  M Aq pH Aq, - M 

Feed  - 9 . 2  - 59 - 6 . 0  
E x t - 1  1 . 3 1  8 . 9  2 . 2  60 0 . 1 5  4 . 6  

-2 1 . 0 6  8 . 2  1 . 7 0  G O  0 . 1 0  4 . 4  
-3 0 .70  7 .6  1 . 7 2  64 0 .20  4 . 2  
-4  0 . 3 4  6 . 9  1 . 7 6 .  59 0 . 2 2  4 . 1  

Second  C y c l e :  R a r e  E a r t h - - S t r o n t i u m  P a r t i t i o n i n g .  The 
s e c o n d  c y c l e  f e e d  w a s  t h e  s t r i p  p r o d u c t  f rom c y c l e  1 a d j u s t e d  
t o  0 . 0 0 4  M t a r t ra te  ( t o  complex traces o f  i r o n  s t r i p p e d  i n  t h e  
f i r s t  c y c l e )  and t o  p H  L w i t h  NaOH. Ce-144 and  S r -85  tracer 
d i s t r i b u t i o n  d a t a  ( T a b l e  3 . 4 )  showed a rare e a r t h / S r  s e p a r a t i o n  
f a c t o r  i n  t h e  s e c o n d  c y c l e  o f  " 2 . 5 ~ 1 0 ~  and  a rare e a r t h / N a  
s e p a r a t i o n  f a c t o r  o f  - 4 . 5 ~ 1 0 ~ .  The p r o d u c t  f rom t h i s  c y c l e  
c o n t a i n e d  28-30 g  o f  rare e a r t h s  and  0.06-0.07 g  o f  N a  p e r  
l i t e r  and 1 . 2 5  M HNO, . The o v e r a l l  c o n c e n t r a t i o n  f a c t o r  l u r  t h e  
rare e a r t h s  from t h e  o r i g i n a l  waste t o  t h e  s e c o n d  c y c l e  s t r i p  
p r o d u c t  s o l u t i o n  is 20. The s t r o n t i u m / r a r e  e a r t h  s e p a r a t i o n  
f a c t o r  t h r o u g h  t h e  s e c o n d  c y c l e  ( b a s e d  on t h e  o r i g i n a l  w a s t e )  
is e s t i m a t e d  t o  b e  a t  l eas t  2 . 5 ~ 1 0 3 ,  b u t  its p r e c i s e  v a l u e  c o u l d  
n o t  b e  d e t e r m i n e d  b e c a u s e  o f  l i m i t e d  a n a l y t i c a l  a c c u r a c y  i n  
d e t e r m i n i n g  t h e  rare e a r t h  c o n c e n t r a t i o n  i n  t h e  s e c o n d  c y c l e  
r a f f i n a t e .  

The s t r o n t i u m  a n d  rare e a r t h  d i s t r i b u t i o n  c o e f f i c i e n t s  
c h a n g e  marked ly  u n d e r  s e c o n d  c y c l e  c o n d i t i o n s  as a f u n c t i o n  of 
t h e  a q u e o u s  pH ( F i g .  3 . 1 ) .  However, pH c o n t r o l  is r1o.t d i f f i c u l t  
b e c a u s e  a l a r g e  amount o f  N a +  o r  H+ d o e s  n o t  t r a n s f e r  be tween  
t h e  o r g a n i c  and  aqueous  p h a s e s  a t  t h e  low o / a  r a t i o  (1 /6 )  u s e d .  
The b u f f e r i n g  e f f e c t  is a l m o s t  e n t i r e l y  a s s o c i a t e d  w i t h  t h e  
o r g a n i c  p h a s e ,  i . e . ,  t h e  b a l a n c e  be tween  NaD2EHP and  DZEHPA, s i n c e  
t h e  a q u e o u s  p h a s e  is e s s e n t i a l l y  a s i m p l e  sodium n i t r a t e  s y s t e m .  
The rare e a r t h  ~ g / s t r o n t i u m  ~g r a t i o  is a p p r o x i m a t e l y  c o n s t a n t  
o v e r  t h e  pH r a n g e  0 . 5 - 3 ,  so  t h a t  d i f f e r e n t  o p e r a t i n g  c o n d i t i o n s  
c o u l d  b e  c h o s e n ,  i f  d e s i r e d ,  w i t h o u t  a f f e c t i n g  t h e  rare e a r t h -  
s t r o n t i u m  s e p a r a t i o n .  



T a b l e  3 . 3 .  F i r s t  C y c l e :  E x t r a c t i o n  o f  Mixed F i s s i o n  P r o d u c t s  

C o n d i t i o n s  same as i n  T a b l e  3 . 1  e x c e p t  f e e d  s p i k e d  w i t h  mixed  f i s s i o n  
p r o d u c t s  ( P u r e x  HAW s o l u t i o n )  and  3  e x t r a c t i o n  a n d  3  s t r i p  s t a g e s  

Ru y, c / m .  m l  Zr-Nb y, c / m .  m l  
S t a g e  No. Org A q  E: Ru Org A q  E: Zr-Nb 

Feed  - 2 . 3 1 ~ 1 0 ~  - - 8 .3x105  - 

4 . 6 x 1 0 - ~  3 w -3 680 1 . 4 7 ~ 1 0  2 . 1 3 ~ 1 0  3 . 3 ~ 1 0  6 . 5  I 

C s  y, c/m. m l  T o t a l  KX p ,  c / m .  m l  
Org  A q  E: Cs Org  A q  E: RE 

Feed  - 1 .48x106  - - 6 .29x106  - 



T a b l e  3 .4 .  Second  C v c l e :  P a r t i t i o n i n g  o f  Rare E a r t h s  f rom S t r o n t i u m  

O r g a n i c  p h a s e :  0 . 2 1  M D2EHPA-0.03 M NaD2EHP--0.15 M TBP i n  Amsco 125-82 

Aqueous p h a s e :  s y n t h e t i c  f i r s t  c y c l e  p roduc t - -0 .6  M N a N O , ,  0 . 8  M HNO,, 0 . 1 3  g  
S r / l i t e r ,  0 . 40  g  C e / l i t e r ,  0 . 7 0  g  S m / l i t e r ;  a d j u s t e d  t o  0 . 0 0 4  M 
t a r t r a t e  a n d  t o  pH 2  w i t h  NaOH ( d i l u t i o n  f z c t o r  1 . 2 )  p l u s  
t racer Ce-144 o r  S r - 8 5  

S c r u b :  ' 1 . 2  M N a N 0 3  , .pH 2  

S t r i p :  2  1 HNO, 

B a t c h  c o u n t e r c u r r e n t  r u n s ,  4 e x t r a c t i o n  s t a g e s ,  3  s c r u b  s t a g e s ,  3  s t r i p  s t a g e s  
. F e e d / e x t r a c t a n t j s c r u b / s t r i p  p h a s e  r a t i o :  30/5/5/1  

Aqueous Ce-144 y ,  c / m .  m l  S r -85  y ,  c / m .  m l  
S t a g e  e q u i l .  pH Org  Aq E: ~e Org Aq E: ~r 

L 

Org Feed  - 2.65x103 

~ t r - 3  - 1 . 1 2 ~ 1 0 ~  2 . 9 1 ~ 1 0  4  0 . 0 4  

Feed  

S c r - 3  

-2 

-1 . 

* S t r i p  p r o d u c t :  9 . 1 - 9 . 5  g  C e j l i t e r ,  19-21 g  S m / l i t e r ,  0 .06-0.07 g  Na / l i t e r ,  
1 . 2 5  M HNO,. 



AQUEOUS EQUlLl BRlUM pH 

Fig. 3.1. Distribution coefficients of strontium and rare earths under second cycle 
conditions, showing large separation factor. Organic ~hase: 0.3 M D2EHPA (0.21 M 
D2EHPA-0.09 M NaD2EHP)-0.1.5 M TBP i n  Amsco 125-82; aqueous phase: 1.15 M 
NaN03, 0.11 g Sr and 0.97 g total rare earths per liter, pH adjusted as shown; o/a 
phase ratio 1/5. 

T h i r d  C y c l e :  S t r o n t i u m  E x t r a c t i o n  and S t r i p p i n g .  E s s e n t i a l l y  
a l l  t h e  s t r o n t i u m  w a s  r e c o v e r e d  i n  t h e  t h i r d  c y c l e  s t r i p  p r o d u c t ,  
c o i l t a i n i ~ l g  3 . 2  g  o f  S r  and 8-9 g  o f  N a  p e r  l i t e r  and  1. 3 M HNO, 
( s e e  T a b l e  3 . 5  f o r  d a t a ) .  T h i s  is a s t r o n t i u m  c o n c e n t r a t i o n  
f a c t o r  o f  20 o v e r  t h e  o r i g i n a l  waste. 

F o u r t h  C y c l e :  S t r o n t i u m  E x t r a c t i o n  and  S t r i p p i n g .  The 
f o u r t h  c y c l e  p r o d u c t  c o n t a i n e d  1 2 . 7  g  o f  S r  and  2 . 9  g  o f  N a  p e r  
l i t e r ,  and  1 . 4  M HNO; , which  r e p r e s e n t  s t r o n t i u m / s o d i u m  s e p a r a -  
t i o n  f a c t o r s  o f  "400 b a s e d  o n  t h e  o r i g i n a l  waste, o r  "5000 b a s e d  

. o n  t h e  p r e p a r e d  f e e d , . a n d  an' o v e r a l l  s t r o n t i u m  c o n c e n t r a t i o n  o f  
7 0 .  S t r o n t i u m  d i s t r i b u t i o n  d a t a  are g i v e n  i n  T a b l e  3 . 6 .  The 
ovesa.J.1, s t r o n t i u m / r a r e '  e a r t h  s e p a r a t i o n  t h r o u g h  t h e  f o u r t h  c y c l e  
s h o u l d  be  as l a r g e  as o r  l a r g e r  t h a n  t h e  e s t i m a t e d  s t r o n t i u m / r a r e  
e a r t h  s e p a r a t i o n  f a c t o r  t h r o u g h  t h e  s e c o n d  c y c l e  as r e p o r t e d  above .  



T a b l e  3 . 5 .  T h i r d  C y c l e :  S t r o n t i u m  E x t r a c t i o n  and  S t r i p p i n g  

O r g a i ~ i c  p h a s e :  0 . 2 1  &-I DZEHPA-0.09 M NaD2EHP-0.15 M TBP i n  
Amsco 125-82 

Aqueous p h a s e :  s e c o n d  c y c l e  aqueous  r a f f i n a t e ,  - 0 . 1  g  S r  
and  34 g  o f  N a  p e r  l i t e r ,  a d j u s t e d  t o  pH 6  
w i t h  NaOH 

strip: 2  M HNO, 
B a t c h  c o u n t e r c u r r e n t  r u n s ,  3 e x t r a c t i o n  s t a g e s ,  2 s t r i p  
s t a g e s  
F e e d / e x t r a c t a n t / s t r i p  p h a s e  r a t i o :  30/5/1 

Aqueous 
E q u i l .  S r - 8 5 ,  Y c / m .  m l  

S t a g e  PH 0%. Aq 
0 

Ea S r  

F e e d  6 .0  - 3 . 9 7 ~ 1 0 ~  - 

T a b l e  3 .6 .  F o u r t h  Cyc le :  S t r o n t i u m  , E x t r a c t i o n  

and  S t r i p p i n g  

O r g a n i c  p h a s e :  0 . 2 1  M DZEHPA-0.09 M NaD2EHP--0.15 M 
T B P . i n  Amsco 125-82- 

Aqueous p h a s e :  t h i r d  c y c l e  s t r i p  . p r o d u c t ,  ' 3 . 2  g  S r  and 
8-9 g o f  N a  p e r  l i t e r ,  1 . 3  M HNO,, 
a d j u s t e d  t o  pH 6 w i t h  NaOH. D i l u t i o n  
f a c t o r  1:l 

S t r i p :  2  M HNO, 
B a t c h  c o u n t e r c u r r e n t  r u n s  3  e x t r a c t i o n  s t a g e s ,  2  s t r i p  
s t a g e s  
F e e d / e x t r a c t a n t / s t r i p  p h a s e  r a t i o :  5 /5 /1  

Aqueous 
E q u i l .  S r - 8 5 ,  y c / m .  m l  

S t a g e  pH O r g  Acl E: ~r 
Feed  6 . 8  - 1 .03x103  - 



S o l v e n t  Recovery .  I r o n  r e m a i n i n g  i n  t h e  f i r s t  c y c l e  
waste s o l v e n t  w a s  e a s i l y  removed by c o n t a c t i n g  w i t h  0 . 7 5  &-I 
Na2C0,---0.075 M N a 2 C 4 H 4 0 6  s o l u t i o n s ,  t h e n  w i t h  0 . 5  v o l  o f  
10% N a O H ,  f o l l o w e d  by a n o t h e r  0 . 5  v o l  of 6 g HN03 t o  remove 
i n s o l u b l e s .  Hal f  t h e  p r e p a r e d  s o l v e n t  w a s  t h e n  c o n v e r t e d  t o  
t h e  sodium form w i t h  10% NaOH,  and  e q u a l  volumes of  ac id - fo rm 
( c o n t a i n i n g  e x c e s s  n i t r i c  a c i d  e x t r a c t e d  by t h e  TBP) and 
sodium-form s o l v e n t  were combined t o  g i v e  0 . 2 1  M DZEHPA-- 
0 . 0  9  NaD2EHP. 

Al though t h i s  b a t c h  s o l v e n t  t r e a t m e n t  p roved  s a t i s f a c t o r y  
i n  small-scale t e s t s ,  c o n t i n u o u s  methods  would be  p r e f e r a b l e  
i n  p l a n t  o p e r a t i o n .  The a c i d  s o l v e n t  would be c o n t a c t e d  w i t h  
0 . 7 5  M Na2C03-0.075 M Na.,C4H4O6 i n  2-3 s t a g e s ,  o / a  = 3 /2 ,  and  
s u b s e q u e n t l y  a c i d i f i e d  t o  0 . 2 1  g D2EHPA-0 .O9 M NaD2EHP--0.15 M 
TBP i n  Amsco 125-82. 

S o l v e n t  Makeup. D i  (2-ethylhexy1)phosphoric a c i d ,  as 
r e c e i v e d ,  n o r m a l l y  c o n t a i n s  i r o n  and  o t h e r  i m p u r i t i e s  w h i c h ,  
when c o n t a c t e d  w i t h  c a u s t i c ,  form p r e c i p i t a t e s .  I n  l a b o r a t o r y  
tests t h e  s o l v e n t ,  0 . 3  M D2EHPA--0.15 M TBP i n  Amsco 125-82 ,  
w a s  o r d i n a r i l y  p r e t r e a t e d  by c o n t a c t i n g  w i t h  0 . 5  v o l  o f  6  
HNO, . 
3.2  P u l s e d  Column T e s t s  o f  F i r s t  Cyc le  S t r o n t i u m  ~ x t r a c t i o n '  

A c o n t i n u o u s  p u l s e d  column t es t  o f  t h e  f i r s t  c y c l e  s t r o n t i u m  
e x t r a c t i o n  ( F i g .  2 . 1 )  w a s  made t o  e v a l u a t e  t h e  o p e r a b i l i t y  o f  
a q u e o u s - c o n t i n u o u s  p h a s e  c o n t a c t i n g  i n  t h i s  equ ipmen t  and  t o  
o b t a i n  p r e l i m i n a r y  d a t a  on s t a g e  h e i g h t s ,  s t r o n t i u m  r e c o v e r y ,  
and  i r o n  e x t r a c t i o n .  The Sr -85  d a t a  ( T a b l e  3 . 7 )  show t h a t  t h e  
s y s t e m  approached  s t e a d y  s t a t e  r a p i d l y  and d i d  n o t  f l u c t u a t e  
s i g n i f i c a n t l y  a f t e r  a b o u t  one  column volume t h r o u g h o u t .  I n  
g e n e r a l ,  m a t e r i a l  b a l a n c e s  f o r  s t r o n t i u m  and  i r o n  were 100 * 1% 
b a s e d  on a n a l y s e s  of  t h e  o r g a n i c  p r o d u c t  a n d  aqueous  r a f f i n a t e  
streams. N e a r l y  a l l  t h e  s t r o n t i u m  and  o n l y  a s m a l l  p e r c e n t a g e  
o f  t h e  i r o n  were e x t r a c t e d .  I n  b a t c h  tests w i t h  t h e  same 
aqueous  and  o r g a n i c  f e e d  s o l u t i o n s ,  5-6 times as much i r o n  w a s  
e x t r a c t e d  d u r i n g  a 10-min e q u i l i b r a t i o n  as d u r i n g  a 1-min 
e q u i l i b r a t i o n  (Tab le  3 . 8 ) .  No s i g n i f i c a n t  d i f f e r e n c e  w a s  
o b s e r v e d  be tween  t h e  amounts o f  s t r o n t i u m  e x t r a c t e d  i n  t h e  1- 
and  10-min c o n t a c t s .  About 5070 less i r o n  w a s  e x t r a c t e d  i n  t h e  
p u l s e d  column t h a n  i n  60-sec b a t c h  c o n t a c t s  a t  a p h a s e  r a t i o  
( o / a )  o f  2. T h i s  is a p p a r e n t l y  due  t o  more e f f i c i e n t  p h a s e  
c o n t a c t i n g  i n  t h e  b a t c h  tes ts  t h a n  i n  t h e  p u l s e d  column.  

By c o r r e l a t i n g  t h e  s t r o n t i u m  d i s t r i b u t i o n  c o e f f i c i e n t  o f  
7 .6  f rom t h e  b a t c h  t es t s ,  a t  a p h a s e  r a t i o  ( o / a )  o f  2  and  1 
min p h a s e  c o n t a c t ,  w i t h  t h e  s t r o n t i u m  l o s s e s  i n  t h e  p u l s e d  
co lumn,  t h e  s t a g e  h e i g h t  f o r  s t r o n t i u m  e x t r a c t i o n  i n  t h e  p u l s e d  
column w a s  c a l c u . l a t e d  t o  be  2 1 . 4  i n . ;  t h u s ,  t h e  33 - in .  p u l s e d  
column contained' 1 . 5 4  e x t r a c t i o n  s t a g e s .  



T a b l e  3 .7 .  F i r s t  C y c l e :  P u l s e d  Column D e m o n s t r a t i o n  

o f  S t r o n t i u m  Recovery 

O r g a n i c  p h a s e :  0 . 2 1  M D2EHPA-0.09 M NaD2EHP--0.15 M TBP 
i n  Amsco 125-82 

N o n r a d i o a c t i v e  aqueous  p h a s e  : s y n t h e t i c  Purex  waste, 0 . 5  g 
fe3+,  1 P SO;, 0 . 1  P ~ l ~ + ,  0 . 0 1  ~ i ' + ,  cr3+, uoZ2+ 
0 . 1 7  g  sr2+ p e r  l i t e r ,  a d j u s t e d  t o  0 . 3 3  M N a 2 C 4 H 4 0 6 :  and 
t o  pH 5 . 9  w i t h  5 MNaOH; d i l u t i o n  f a c t o r  = 3  

R a d i o a c t i v e  aqueous  p h a s e  : Same as above b u t  c o n t a i n i n g  
1 . 0 9 ~ 1 0 ~  Sr-85 Y c / m .  m l  

O / a  p h a s e  r a t i o :  2 /1  

O r g a n i c  P r o d u c t  Aqueous R a f f i n a t e  
Time S r - 8 5 ,  70 S r - 8 5 ,  % Not 

E l a p s e d ,  3' c ,  ~ x t r a o t o d "  Y Fe, ~ x t . r a ~ . t e d ~  
- ..-- 

h r  ~ / i n .  m l  mg/ml :-sr Fe c / m .  m l  mg/ml Sr F'e 

a Based '  o n  a n a l y s i s  o f  aqueous  f e e d  and  t h e  f l o w  r a t i o  o f  t h e  
r e s p e c t i v e  s o l u t i o n s .  

The 0 .75 ' - in .  - d i a  g l a s s  p u l s e d  co.lumn c o n s i s t e d  o f  33 i n .  of. 
p u l s e  p l a t e s  s p a c e d  o n  I - i n .  c e n t e r s  w i t h  9 - in . -h igh  by 1 . 7 5 - i n . -  
0 . d .  e n l a r g e d  s e c t i o n s  on  b o t h  t o p  and  bot tom o f  t h e  column. 
The i n l e t  and  e x i t  t u b e s  f o r  t h e  o r g a n i c  and aqueous  streams 
were welded  i n t o  t h e  e n l a r g e d  s e c t i o n s .  The o r g a n i c  e x t r a c t a n t  
stream, 0 . 0 9  M NaD2EHP-0.21 M D2EHPA--0.15 M TBP i n  Amsco 
125-82 ,  w a s  p u l s e d  a t  7 2  c y c l g s / m i n  a t  a n  a m p l i t u d e  of  1 /16  i n .  
w i t h  a R e s e a r c h  A p p l i a n c e  s t a i n l e s s  s t ee l  b e l l o w s  pump and  f e d  
i n t o  t h e  l o w e r  e n l a r g e d  s e c t i o n .  I n  a d d i t i o n  t o  t h e  p u l s e r .  on  
t h e  o r g a n i c  e x t r a c t a n t  stream, t h e  e n t i r e  column w a s  p u l s e d  a t  
29 c y c l e s / m i n  w i t h  a n  a m p l i t u d e  o f  1 / 4  i n .  t o  p r o v i d e  a d e q u a t e  
p h a s e  m i x i n g .  The aqueous  f e e d  w a s  m e t e r e d  i n t o  t h e  u p p e r  e n -  
l a r g e d  s e c t i o n  above t h e  p u l s e  p l a t e s  by a s igma  pump powered by 
a 0 .5-hp  e lec t r i c  moto r  t h r o u g h  a h y d r a u l i c  t r a n s m i s s i o n .  



T a b l e  3 . 8 .  Ba tch  D i s t r i b u t i o n  Data f o r  S t r o n t i u m  and I r o n  between 

Ormanic and Aqueous Feed S o l u t i o n s  

O r g a n i c  and aqueous  p h a s e s  i d e n t i c a l  t o  t h o s e  g i v e n  i n  T a b l e  3 . 6  

6 0  s e c  C o n t a c t  10  min C o n t a c t  
Vol Fe Conc,  Fe Conc, 

R a t i o ,  S r - 8 5 ,  Y c/m. m l  E: mg/ml S r - 8 5 ,  Y c/m. m l  E: mg/ml I 
P 

o / a  Org Aq S r  Org Aq E: Fe Org S r  Org Aq E E F e  7 



A f t e r  t h e  column had o p e r a t e d  smoo th ly  f o r  s e v e r a l  h o u r s ,  
a s y n t h e t i c  f e e d  t h a t  c o n t a i n e d  1 . 0 9 ~ 1 0 ~  Sr-85 y c / m .  m l  w a s  
s u b s t i t u t e d  f o r  t h e  n o n r a d i o a c t i v e  f e e d .  A f t e r  3/4 h r  o p e r a t i o n  
w i t h  t h i s  f e e d ,  t h e  o r g a n i c  p r o d u c t  and t h e  aqueous  r a f f i n a t e  
streams w e r e  s ampled  and a n a l y z e d .  S r T 8 5  w a s  d e t e r m i n e d  i n  
s a m p l e s  o f  t h e  p r o d u c t  and  r a f f  i n a t e  streams a t  0 . 5 - h r  i n t e r v a l s  
f o r  4 . 5  h r ,  and  i r o n  w a s  d e t e r m i n e d  a t  0 . 7 5 ,  2 . 7 5 ,  and  5 .25  h r .  

The volumes of  t h e  p l a t e  s e c t i o n  k f  t h e  column and t h e  
e n l a r g e d  s e c t i o n s  were measured  and found t o  be :  

' Lower e n l a r g e d  s e c t i o n  u p  t o  1st p l a t e  200 m l  

Body o f  co lumn,  p u l s e  p l a t e  s e c t i o n  275 

Upper e n l a r g e d  s e c t i o n  from t o p  of  
p u l s e d  p l a t e  s e c t i o n  t o  i n t e r f a c e  
p o s i t  i o n  100 - 

T o t a l  aqueous  volume,  n o t  i n c l u d i n g  
o r g a n i c  volume d u r i n g  o p e r a t i o n  575 m l  

The o r g a n i c  e x t r a c t a n t  and  aqueous  f e e d  rates w e r e  800 and  
400 m l / h r ,  r e s p e c t i v e l y .  These  f l o w  rates w e r e  b a s e d  on measure-  
m e n t s  o f  t h e  o r g a n i c  pr0duc . t  and  aqueous  r a f f i n a t e  f l o w  rates 
t o  e l i m i n a t e  t h e  need  f o r  r o t a m e t e r s  on t h e  f e e d  and  e x t r a c t a n t  
streams. Under t h e s e  c o n d i t i o n s ,  1 . 4 4  h r  w a s  r e q u i r e d  f o r  e a c h  
a q u e o u s  column volume change .  

3 . 3  I r o n  E x t r a c t i o n  a n d  S t r i p p i n g  i n  t h e  F i r s t  C y c l e  i n  P u l s e d  

Columns and M i x e r - S e t t l e r s  

Bo th  p u l s e d  columns and mixer-settler c o n t a c t o r s  were 
o p e r a t e d  s u c c e s s f u l l y  i n  l a b o r a t o r y - s c a l e  tests o f  t h e  f i r s t  
c y c l e .  T h a t  t h e  t y p e  o f  m i x i n g  w a s  n o t  c r i t i c a l  w a s  shown by 
t h e  good p h y s i c a l  o p e r a b i l i t y  w i t h  o r g a n i c - c o n t i n u o u s  m i x i n g  
i n  m i x e r - s e t t l e r s  a n d  w i t h  aqueous -con t  i n u o u s  m i x i n g  i n  small 
p u l s e d  columns.  I n  a c o n t i n u o u s  c o u n t e r c u r r e n t  e x p e r i m e n t ,  t o  
s t u d y  t h e  p h y s i c a l  and  c h e m i c a l  o p e r a b i l i t y  o f  t h e  f i r s t  c y c l e  
w i t h  p a r t i c u l a r  e m p h a s i s  o n  i r o n  e x t r a c t i o n ,  a  p u l s e d  column w a s  
u s e d  f o r  t h e  e x t r a c t i o n  s e c t i o n  and f o u r  m i x e r - s e t t l e r  u n i t s  f o r  
t h e  s t r i p p i n g  s e c t i o n .  The u n c l a r i i i e d  f e e d  w a s  c o n t a c t e d  by 
t h e  s o l v e n t  i n  t h e  aqueous-phase- -cont inuous  column,  o / a  = 2. 
The o r g a n i c  p h a s e  w a s  s t r i p p e d  w i t h  2  M HNO, i n  o r g a n i c  phase-  
c o n t i n u o u s  m i x e r - s e t t l e r s ,  o / a  = 5/1 .  Ana lyses  o f  end  stream 
s a m p l e s  (Tab le  3 . 9 a )  showed t h a t  o n l y  0.01370 o f  t h e  i r o n  i n  t h e  
f e e d  w a s  s u b s e q u e n t l y  s t r i p p e d  i n t o  t h e  s t r i p  s e c t i o n  aqueous  
p r o d u c t .  T h i s  compares  t o  0.1770 Jofound i n  b a t c h  c o u n t e r c u r r c n t  
e x p e r i m e n t s  ( S e c t .  3 . 1 ) .  

When t h e  p u l s e d  column w a s  r e p l a c e d  w i t h  f o u r  m i , x e r - s e t t l e r  
u n i t s  and  f o u r  m i x e r - s e t t l e r  u n i t s  were u s e d  f o r  t h e  s t r i p p i n g  
s e c t i o n ,  t h e  o r g a n i c - c o n t i n u o u s  s y s t e m  o p e r a t e d  smoo th ly  w i t h  
t h e  same s o l u t i o n s .  However, 0.44% of  t h e  i r o n  i n  t h e  f e e d  w a s  
s u b s e q u e n t l y  s t r i p p e d  i n t o  t h e  f i r s t  c y c l e  s t r i p ' p r o d u c t  (Tab le  



3 . 9 b ) ,  g i v i n g  a h i g h e r  i r o n  c o n c e n t r a t i o n  t h a n  i n  t h e  p u l s e d  
column p r o d u c t .  T h i s  i n c r e a s e d  e x t r a c t i o n  o f  i r o n  is due  t o  
t h e  l o n g e r  r e s i d e n c e  t i m e  i n  t h e  m i x e r s  and  p o s s i b l y  a l s o  t o  
aqueous  e n t r a i n m e n t  i n  t h e  o r g a n i c  p h a s e  be tween  t h e  e x t r a c t i o n  
and  s t r i p  s e c t i o n s .  

T a b l e  3 . 9 .  C o n t i n u o u s  C o u n t e r c u r r e n t  E x t r a c t i o n  and 

S t r i p p i n g  o f  S t r o n t i u m  and Rare E a r t h s  

Conc , g / l i t e r  H+, 
Sample S r  Rase E a r t h s X  N a +  Fe !! 

a .  Pu l sed -co lumn  e x t r a c t i o n  s e c t i o n ,  m i x e r  s e t t l e r s  s t r i p p i n g  
sec t  i o n  

Feed  0 .057  . 0 . 4 4  65 9 .2  
- - - 

pH 6 
E x t r a c t a n t  1 . 9  0 . 2 3  
E x t r a c t i o n  column - - - 0 .182  - 

P r o d u c t  ( o r g )  
E x t r a c t i o n  column - - - 8 .2 -9 .3  - 

Raf f  i n a t e  ( a q )  
S t r i p  s e c t i o n  0 .11-0 .13  0 .8 -0 .93  12-15 0 .003  1 . 0 - 1 . 2  

P r o d u c t  ( a q )  
S t r i p  s e c t i o n  - - - 0.17-0 .19  0 .36  

Raf f i n a t e  ( o r g )  

Conc, g / l i t e r  H$ 
Sample S r  Rare ~ a r t h s ~  N a+ Fe ' &I - 

b .  Mixer  se t t le rs  f o r  b o t h  e x t r a c t i o n  and  s t r i p p i n g  s e c t i o n s  
Feed  0 .057  0 . 4 4  65 9 .0  PH 6 
E x t r a c t a n t  - 
E x t .  s e c t i o n  - 

P r o d u c t  ( o r g )  
E x t .  s e c t i o n  - 

Raf f  i n a t e  ( a q )  
S t r i p  s e c t i o n  - 

P r o d u c t  ( a q )  
S t r i p  sec'1;lon - 

Raf f  i n a t e  ( o r g )  

X Rare e a r t h  d e t e r m i n a t i o n  o f  q u e s t i o n a b l e  a c c u r a c y .  

3 . 4  E' lowsheet T e s t s  i n  M i n i a t u r e  M i x e r - S e t t l e r s  

A s  s o o n  as c o n t a i n m e n t  c h a n g e s  have b e e n  made i n  B l d g .  4507 
a t  ORNL, t h e  p r o p o s e d  s o l v e n t  e x t r a c t i o n  p r o c e s s  f o r  s t r o n t i u m  
and  rare e a r t h  r e c o v e r y  from P u r e x  waste w i l l  be t e s t e d  i n  
m i n i a t u r e  m i x e r - s e t t l e r s  on  a c t u a l  p l a n t  h i g h  a c t i v i t y  f e e d .  I n  
p r e p a r a t i o n  f o r  t h e s e  e x p e r i m e n t s ,  t h e  m i x e r - s e t t l e r  equ ipmen t  . 

w a s  t e s t e d  t h r o u g h  t h r e e  c y c l e s  w i t h  n o n r a d i o a c t i v e  s i m u l a t e d  
f e e d  s o l u t i o n s  u s i n g  t h e  c h e m i c a l  f l o w s h e e t  shown i n  F i g .  2 . 1 .  

The a p p a r a t u s  c o n s i s t e d  o f  t h r e e  b a n k s  of  K n o l l s - t y p e  m i n i  
mixer-set t lers ,  one  o f  which  w a s  h e l d  i n  s t a n d b y .  The e x t r a c t i o n  



a n d  e x t r a c t i o n - s c r u b  b a n k s  c o n t a i n e d  1 6  s t a g e s  and  t h e  s t r i p  
bank  8  s t a g e s .  A l l  e n t e r i n g  streams were m e t e r e d  w i t h  Lapp 
P u l s a f e e d e r  pumps. End- stream s a m p l e s  were t a k e n  a t  a b o u t  4-hr 
i n t e r v a l s  d u r i n g  s i n g l e  8 -h r  s h i f t s .  F o r  t h e  n o n r a d i o a c t i v e  
t e s t s ,  t h e  a p p a r a t u s  w a s  a s s e m b l e d  and  r u n  i n  t h e  o p e r a t i n g  area 
o f  B l d g .  4507. The equ ipmen t  w a s  t h e n  r e a s s e m b l e d  f o r  h i g h -  
a c t i v i t y  e x p e r i m e n t s  i n  c e l l  2 ,  B ldg .  4507 ( F i g .  3 . 2 ) .  

3 . 4 . 1  F i r s t  C y c l e  Demo.ns t r a t i on  

F e e d  P r e p a r a t i o n .  S i m u l a t e d  P u r e x  w a s t e  ( T a b l e  2 . 1 )  w a s  
made i n i t i a l l y  1 &-I i n  t a r t r a t e  and  t h e n  a d j u s t e d  t o  pH 6  w i t h  
5  M NaOH; t h e  o v e r a l l  d i l u t i o n  f a c t o r  w a s  3  w i t h  a f i n a l  
t a r t r a t e  c o n c e n t r a t i o n  o f  a b o u t  0 . 3 3  g. The p r e p a r e d  f e e d  
( T a b l e  2 . 1 )  was f i l t e r e d  t h r o u g h  g l a s s  wool t o  remove t r a c e s  
o f  s i l i c e o u s  and  p h o s p h a t e  s o l i d s  which o t h e r w i s e  m i g h t  have  
p l u g g e d  t h e  c a p i l l a r y  t u b i n g  i n  t h e  m i x e r - s e t t l e r  a p p a r a t u s .  

~ x t r a c t i o n  and  S t r i p p i n g .  The'  s o l v e n t  (1AX) , 0 . 2 1  M 
DZEHPA-0.09 M NaD2EHP--0.15 M TBP i n  Amsco 125-82 ,  and  t h e  
a d j u s t e d  f e e d - ( ~ A F )  w e r e  m e t e r e d  i n t o  t h e  f i r s t  and  e i g h t h  
s t a g e s ,  r e s p e c t i v e l y ,  o f  t h e  1 6 - s t a g e  bank a t  a n  o / a  p h a s e  
r a t i o  o f  2 .  The r e m a i n i n g  e i g h t  s t a g e s  i n  t h e  e x t r a c t i o n  s e c -  
t i o n  w e r e  u s e d  as a f l o w  l i n e  t o  t h e  s t r i p p i n g  s e c t i o n  ( F i g .  3 . 3 )  
a n d  n o t  as e x t r a c t o r s .  D a t a  f rom b a t c h  c o u n t e r c u r r e n t  e x p e r i -  
m e n t s  i n d i c a t e d  t h a t  f o u r  s t a g e s  i n  e a c h  s e c t i o n  would p r o v i d e  
e f f i c i e n t  e x t r a c t i o n  a n d  s t r i p p i n g .  O p e r a t i n g  e x p e r i e n c e , 8  
h o w e v e r ,  showed t h a t  t h e  m i n i  m i x e r - s e t t l e r  s t a g e s  are a b o u t  50% 

, e f f i c i e n t  and  t h e  a c t u a l  number o f  s t a g e s  was a c c o r d i n g l y  
i n c r e a s e d  i n  a l l  t h r e e  c y c l e s .  The o r g a n i c  stream (1AP) from ' 

t h e  e x t r a c t i o n  s e c t i o n  w a s  c a s c a d e d  t o  t h e  e i g h t - s t a g e  s t r i p p i n g  
bank  a n d  c o n t a c t e d  w i t h  2  M HNO, (1BX) a t  a n  o / a  p h a s e  r a t i o  
o f  5 /1 .  S t r eam f l o w  rates  were m a i n t a i n e d  a t :  lAF,  1 ml/min; 
l A X ,  2  ml/min; lBX, 0 . 4  ml/min. 

P a r t i a l  a n a l y s e s  o f  t h e  f i r s t  c y c l e  f e e d  and  end  stream 
s a m p l e s  ( T a b l e  3 . 1 0 )  showed b e t t e r  i r o n  s e p a r a t i o n  t h a n  w a s  
e x p e c t e d .  Even though  t h e  amount o f  i r o n  t h a t  w a s  e x t r a c t e d  and  
s u b s e q u e n t l y  s t r i p p e d  i n t o  t h e  f i r s t  c y c l e  p r o d u c t  i n c r e a s e d  
s l i g h t l y  t h r o u g h o u t  t h e  1 7  h r  o p e r a t i n g  t i m e ,  i t  o n l y  r e a c h e d  
4.8% o f  t h a t  i n  t h e  f e e d  e x t r a c t e d  and  0.0270 s t r i p p e d ,  a s e p a r a -  
t i o n  f a c t o r  of  4 . 4 ~ 1 0 ~ .  The q u a n t i t i e s  a f t e r  t h e  f i r s t  3  h r  o f  
o p e r a t i o n  were 3.370 e x t r a c t e d  a n d  0 .01% s t r i p p e d  i n t o  t h e  
p r o d u c t  ( T a b l e  3 . 1 1 ) .  

B e c a u s e  of  a n a l y t i c a l  d i f  f  i c u l t y 9  w i t h  b o t h  s t r o n t i u m  and 
rare  e a r t h s  i n  f e e d  s a m p l e s ,  and  t o  some e x t e n t  i n  t h e  p r o d u c t  
s a m p l e s ,  d a t a  on  r e c o v e r y  o f  t h e s e  metals i n  t h i s  r u n  were n o t  
d e p e n d a b l e .  

P h a s e  s e p a r a t i o n  and  g e n e r a l  o p e r a t i o n  o f  t h e  equ ipmen t  
w i t h  t h e s e  s y n t h e t i c  s o l u t i o n s  were e x c e l l e n t ;  e n d  streams showed 
n o  e v i d e n c e  of p h a s e  e n t r a i n m e n t ,  p r e c i p i t a t e s ,  o r  e m u l s i o n s .  



Fig. 3.2. Miniature mixer-settler apparatus assembled in hot ceFI, Bldg. 4507. 



T a b l e  3.10. Composi t ion  o f  End Stream Samples: 

E i r s t  Cvc le  of  F i s s i o n  P r o d u c t  Recovery Flowsheet  

Conc, g / l i t e r  
O p e r a t i n g  Time, Rare 

Sample h r  S r  E a r t h s  N a  Fe H, M 

1BP Comp-1 3-8 h r  i n t e r v a l  0.098 
-2 12-16 h r  i n t e r v a l  0.085 

T a b l e  3.11. S t r o n t i u m - I r o n  separa€.ion i n  F i r s t  Cycle  

% of Fe i n i t i a l l y  i n  
Feed S o l u t i o n  

O p e r a t i n g  E x t r a c t e d  i n t o  S t r i p p e d  i n t o  S  r /Fe 
Time, h r  1 AP 1BP S e p a r a t i o n  F a c t o r  - 

3  3 . 3  0 . 0 1  9 . 2 5 ~ 1 0 ~  
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I.- Tartrate p- NaOH 
I 

Filter I Idle 

. I Extraction Section 

m1 

1 AX; 
Extractant 

Waste 

(stage numbers) 
I 

- 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 + 

2nd Cycle 

Preparation 

1Ap 

$1 
1 BP; 

Fig. 3.3. Nomenclature o f  streams and sketch o f  mini  mixer sett ler apparatus used 

i n  nonradioactive tests o f  first cycle Sr-RE recovery f lowsheet. 

3 . 4 . 2  Second C y c l e  D e m o n s t r a t i o n  

1 2 3 4 5 6 7 8  
(stage numbers) 

R a r e  E a r t h - S t r o l l t i  urrl P a r t i t i o n i n g .  A f t e r  c o m p l e t i o n  of 
t h e  f i r s t  c y c l e  e x p e r i m e n t ,  t h e  equipment  w a s  c l e a n e d  and  u s e d  
f o r  t h e  s e c o n d  c y c l e  ( F i g .  2 . 1 ) .  The same a r r a n g e m e n t  o f  
a p p a r a t u s  w a s  u s e d  e x c e p t  t h a t  a s c r u b  stream w a s  added  t o  t h e  
e x t r a c t i o n  s e c t i o n  ( F i g .  3 . 4 ) .  The 1 6 - s t a g e  bank w a s  d i v i d e d  
i n t o  e i g h t  e x t r a c t i o n  and  e i g h t  s c r u b  s t a g e s ;  t h e  s t r i p  s e c t i o n  
c o n t a i n e d  e i g h t  s t r i p  s t a g e s .  

1 BW; 
Used Solvent 

" 1st Cycle 
Product 

Feed P r e p a r a t i o n .  A s i m u l a t e d  f i r s t  c y c l e  s t r i p  p r o d u c t  
(1BP) w a s  a d j u s t e d  t o  0 . 0 0 4  @ t a r t r a t e  and  t h e n  t o  pH 2  w i t h  NaOH 
f o r  makeup of  t h e  s e c o n d  c y c l e  f e e d  ( ~ A F )  , which c o n t a i n e d  0 . 0 8 3  
g  o f  S r ,  0 . 9 1  g  o f  RE, 33 g  of  N a ,  and  0 . 0 1 3  g  o f  Fe  p e r  l i t e r  
and  0 . 0 0 3  Jyl t a r t r a t e .  

Stripping Section 
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1 BP; 
1st Cycle 

b- Tartrate to 0.004 M 

1- NaOH to pH 2 
a 

2A F; 2A S; 
2nd Cycle Scrub 

Feed 

1 2  3 4 5  6 7 8  9 10 11 12 13 14 15 16 

Extraction Scrub 
2AX; Com posi te 

Extractant 
J I 

v 
2A W; 

to 3rd Cycle 
Feed 2BW; 

Preparation Used Solvent 

2B P; 
Rare Earth 

Concentrate 

Fig. 3.4. Nomenclature of streams and sketch of mini mixer settler apparatus used 
i n  nonradioactive tests of second cycle of Sr-RE recovery flowsheet. 

E x t r a c t i o n ,  S c r u b b i n g ,  S t r i p p i n g .  The rare e a r t h s  were 
s e l e c t i v e l y  p a r t i t i o n e d  from s t r o n t i u m  and o t h e r  components  by 
c o n t a c t i n g  t h e  f e e d  (2AF) w i t h  t h e  s o l v e n t  ( Z A X )  and  s c r u b b i n g  
t h e  e x t r a c t  w i t h  1 . 2  U NaNO, , pH 2  (2AS). The o r g a n i c  p r o d u c t  
(2AP) was c o l l e c t e d  f o r  s u b s e q u e n t  f e e d  t o  t h e  s t r i p  s e c t i o n ,  
where  t h e  rare  e a r t h s  and t r a c e s  Of sodium were s l r l ppec l  w i L l l  
7, M HNO, ( ~ B x ) .  B e c a u s e  o f  f l o w  rate  l i m i t a t i o n s ,  t h e  s t r i p  
s e c t i o n  mixer-sett lers a n d  pumps c o u l d  n o t  b e  o p e r a t e d  s i m u l -  
t a n e o u s l y  w i t h  t h e  e x t r a c t  i o n - s c r u b  s e c t i o n .  The s t r i p p i n g  
s e c t i o n  w a s  r u n  l a t e r  w i t h  t h e  f l o w  rates shown i n  T a b l e  3 .12 .  
The e q u i p m e n t  is l i m i t e d  i n  t h a t  t h e  minimum f l o w  f o r  any g i v e n  
pump is 0 .25  ml/min. I n  t h e  p l a n n e d  h i g h - a c t i v i t y - l e v e l  
e x p e r i m e n t s ,  t o  a l l o w  s i m u l t a n e o u s  o p e r a t i o n  o f  t h e  e x t r a c t i o n -  
s c r u b  and  s t r i p  s e c t i o n  t h e  s t r i p  s e c t i o n  w i l l  be  r u n  a t  an  o / a  
p h a s e  r a t i o  o f  2  r a t h e r  t h a n  t h e  f l o w s h e e t  r a t i o  o f  5 .  T h i s  



c h a n g e . w i l 1  r e s u l t  o n l y  i n  a d i l u t i o n  of  t h e  s e c o n d  c y c l e  rare 
e a r t h  p r o d u c t .  

T a b l e  3 .12 .  S t r eam Flow Rates f o r  Second C y c l e  

S t r eam Flow R a t e ,  ml/min 

Feed  (2AF) 
E x t r a c t a n t  (2AX) 
S c r u b  (2AS) 

S t r i p  s e c t i o n  f e e d  (2AP) 
S t r i p  (2BX) 

O p e r a t i o n  o f  t h e  s t r i p p i n g  s e c t i o n  w a s  d e t e r m i n e d  by a n a l y -  
ses o f  end  stream c o m p o s i t e s  ( T a b l e  3 . 1 3 ) .  The rare e a r t h s  
i n i t i a l l y  i n  t h e  s t r i p p i n g  s e c t i o n  o r g a n i c  f e e d  w e r e  98.2% 
s t r i p p e d  i n t o  t h e  2BP, l e a v i n g  1 .8% i n  t h e  s o l v e n t  r a f f  i n a t e  
(2BW). 

T a b l e  3 .13 .  Compos i t i on  o f  End S t r eam Samples :  

Second C y c l e  of  F i s s i o n  P r o d u c t  Recovery F l o w s h e e t  

O p e r a t i n g  Conc,  g / l i t e r  
S a m ~ l e  Time,  h r  S r  R a r e  E a r t h s  N a  Fe H ,  1V1 

*Composi tes  of f l o w i n g  streams. . 



The rare e a r t h / s o d i u m  s e p a r a t i o n  f a c t o r  o v e r  t h e  e n t i r e  
s e c o n d  c y c l e  w a s  5x104,  t h e  r a r e  e a r t h / i r o n  s e p a r a t i o n  f a c t o r  
w a s  1 3 0 ,  and  t h e  rare e a r t h  c o n c e n t r a t i o n  f a c t o r  w a s  30. Rare 
e a r t h / s t r o n t i u m  s e p a r a t i o n s  are n o t  r e p o r t e d  s i n c e  s t r o n t i u m  
c o n c e n t r a t i o n s  i n  t h e  rare e a r t h  p r o d u c t  were be low d e t e c t i o n  
l i m i t s .  Rare e a r t h  l o s s e s  t o  t h e  s o l v e n t  r a f f i n a t e  (2BW) c o u l d  
b e  n e a r l y  e l i m i n a t e d ,  i f  d e s i r e d ,  by a d d i n g  a d d i t i o n a l  s t r i p  
s t a g e s  o r ,  a l t e r n a t i v e l y , '  by d e c r e a s i n g  t h e  o / a  p h a s e  r a t i o .  

3 . 4 . 3  T h i r d  C.vcle D e m o n s t r a t i o n  

S t r o n t i u m  E x t r a c t i o n  and  C o n c e n t r a t i o n .  The s e c o n d  c y c l e  
a q u e o u s  r a f f i n a t e  (2AW) w a s  a d j u s t e d  t o  pH 6 w i t h  5  M NaOH t o  
p r o v i d e  t h i r d  c y c l e  f e e d  (3AF). The t h i r d  c y c l e  u s e d  e i g h t  
e x t r a c t i o n  s t a g e s  a n d  e i g h t  s t r i p  s t a g e s  ( F i g .  3 . 5 ) .  S t r o n t i u m  
w a s  e x t r a c t e d  ( F i g .  2 . 1 )  by a s o l v e n t  of t h e  same c o m p o s i t i o n  
as t h a t  i n  t h e  f i r s t  and  s e c o n d  c y c l e s .  The s t r o n t i u m - b e a r i n g  
o r g a n i c  p h a s e  w a s  t h e n  c a s c a d e d  t o  t h e  s t r i p p i n g  s e c t i o n  where 
s t r o n t i u m  a n d  sodium (from NaD2EHP) were c o - s t r i p p e d  w i t h  2 M 
H N 0 3 .  The o r g a n i c  stream (3AP) from t h e  e x t r a c t i o n  s e c t i o n  w a s  

2nd Cycle 
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3A F; 

Extrac'tion 

3A X 
Extractant 

1 2 3 4 5 6 7 8  

3BP; 
Strontium 

Concentrate 

Fig. 3.5. Nomenclature o f  streams and sketch of mini mixer settler apparatus used 
i n  nonradioactive tests of third cycle of Sr-RE recovery flowsheet. 



c o m p o s i t e d  f o r  s u b s e q u e n t  f e e d  t o  t h e  s t r i p p i n g  s e c t i o n .  A s  
d i s c u s s e d  above ,  t h i s  t e c h n i q u e  a l l o w e d  t h e  s t r i p p i n g  s e c t i o n  
t o  b e  r u n  a t  an o / a  p h a s e  r a t i o  o f  5 .  I n  h i g h - a c t i v i t y - l e v e l  
e x p e r i m e n t s  t h e  s t r i p p i n g  s e c t i o n  w i l l  b e  r u n  a t  an o / a  p h a s e  
r a t i o  o f  2 s o  t h a t  t h e  o r g a n i c  stream (3AP) c a n  be c a s c a d e d  
d i r e c t l y  t o  t h e  s t r i p p i n g  s e c t i o n  r a t h e r  t h a n  c o m p o s i t e d .  The 

. f l o w  rates u s e d  f o r  t h i s  e x p e r i m e n t  are shown i n  T a b l e  3 .14 .  

T a b l e  3 .14 .  S t r eam Flow Rates f o r  T h i r d  Cyc le  

S t r eam Flow R a t e ,  ml/min 

Feed (3AF) 3 . 0  
E x t r a c t a n t  (3AX) 0 . 5  

S t r i p  s e c t i o n  f e e d  (3AP) 
S t r i p  (3BX) 

Ana lyses  of  t h e  e n d  stream from t h e  t h i r d  c y c l e  ( T a b l e  3 . 1 5 )  
show h i g h  s t r o n t i u m  l o s s e s  t o  t h e  r a f f i n a t e  (3AW) d u r i n g  s t a r t u p ;  
however ,  a f t e r  1 9  h r  o f  o p e r a t i o n ,  s t r o n t i u m  l o s s e s  were below 
a n a l y t i c a l  d e t e c t i o n  l i m i t s .  

T a b l e  3 . 1 5 .  Compos i t i on  o f  End S t r eam Samples :  
T h i r d  Cyc le  of  F i s s i o n  P r o d u c t  Recovery F l o w s h e e t  

O p e r a t i n g  Conc , g / l i t e r  
S a m ~ l e  Time. h r  S r  N a  Fe H, M 

*Composi tes  of . f l o w i n g  s t r e a m s .  



I n  t h e  s t r i p p i n g  s e c t i o n  e s s e n t i a l l y  a l l  t h e  e x t r a c t e d  
s t r o n t i u m  w a s  r e c o v e r e d  i n  t h e  p r o d u c t  (3BP) ; s t r o n t i u m  l o s s e s  
t o  t h e  u s e d  s o l v e n t  (3BW) were be low d e t e c t i o n .  About 0.870 o f  
t h e  i r o n  i n  t h e  t h i r d  c y c l e  f e e d  w a s  p r e s e n t  i n  t h e  s t r o n t i u m  
p r o d u c t ,  g i v i n g  a s t r o n t i u m / i r o n  s e p a r a t i o n  f a c t o r  o f  108 .  
The s t r o n t i u m / s o d i u m  s e p a r a t i o n  f a c t o r  w a s  130 and  t h e  s t r o n t i u m  
c o n c e n t r a t i o n  f a c t o r  w a s  30.  

4 .0  PROCESS CHEMISTRY STUDIES 

I t  h a s  been r e p o r t e d l o  t h a t  s t r o n t i u m  c a n  be e x t r a c t e d  by 
d i - 2 - e t h y l h e x y l  p h o s p h a t e  from v e r y  weak a c i d i c  o r  a l k a l i n e  
s o l u t i o n s .  I n  f i r s t  a t t e m p t s  t o  a p p l y  t h i s  s y s t e m  t o  s t r o n t i u m  
r e c o v e r y  from P u r e x  wastes,  t e s t s  were made i n  which  ( 1 )  t h e  
w a s t e  w a s  n e u t r a l i z e d  and  t h e  i r o n  h y d r o x i d e  and  o t h e r  i n s o l u b l e  
h y d r o x i d e s  w e r e  f i l t e r e d  o f f  p r i o r  t o  s t r o n t i u m  e x t r a c t i o n 4  and  
( 2 )  t h e  waste w a s  n e u t r a l i z e d  and  t h e  r e s u l t i n g  - s l u r r y  w a s  
e x t r a c t e d  d i r e c t l y .  However n e i t h e r  method w a s  a t t r a c t i v e  from 
a p r o c e s s  s t a n d p o i n t .  I n  ag reemen t  w i t h  p r e v i o u s  workl1-13, i n  
method  1 ,  t h e  vo luminous  h y d r o x i d e  p r e c i p i t a t e  c a r r i e d  a l a r g e  
p a r t  o f  t h e  s t r o n , t i u m  as w e l l  as p l a c i n g  o t h e r  f i s s i o n  p r o d u c t s  
i n  a form less s u i t a b l e  f o r  s u b s e q u e n t  r e c o v e r y .  The s e c o n d  
method  s u f f e r e d  f rom t h e  same d i s a d v a n t a g e s  and w a s  a l s o  
s u b j e c t  t o  s l o w  p h a s e  s e p a r a t i o n s  and  e m u l s i o n s  d u r i n g  t h e  
e x t r a c t i o n  s t e p .  

. I n  f u r t h e r  tes ts  t h e  a d d i t i o n  o f  complex ing  a g e n t s  t o  t h e  
w a s t e  p r e v e n t e d  p r e c i p i t a t i o n  d u r i n g  pH a d j u s t m e n t  and  e x t r a c -  

. t i o n  and  e s t a b l i s h e d  t h e  basis f o r  a w o r k a b l e  r e c o v e r y  p r o c e s s .  

4 . 1  A d d i t i o n  o f  Complexing  Agents  

T a r t r a t e ,  c i t r a t e ,  t h i o c y a n a t e ,  and s a l i c y l a t e  p r e s e n t  i n  
s u f f i c i e n t  c o n c e n t r a t i o n  b e f o r e  P u r e x  waste4 w a s  n e u t r a l i z e d  
w i t h  NaOH p r e v e n t e d  p r e c i p i t a t e s  o v e r  t h e  pH r a n g e  2-12. The 
t a r t r a t e  i o n  w a s  s e l e c t e d  a's t h e  a d d i t i v e  t o  be  u s e d  i n  f u r t h e r  
p r o c e s s  s t u d i e s  a l t h o u g h  t h e r e  a p p e a r e d  t o  b e  l i t t l e  d i f f e r e n c e  
i n  t h e  complex ing  a b i l i t y  and  o p e r a t i o n  o f  t h e  t a r t r a te -  and 
c l t r a t e - c o m p l e x e d  s y s t e m s .  F u r t h e r  s t u d i e s  may show s t i l l  o t h e r  
c o m p l e x i n g  s y s t e m s  t o  b e  as good as o r  s u p e r i o r  t o  t a r t r a t e .  

E f f e c t  of p H  on  S t r o n t i u m  E x t r a c t i o n  

When t h e  a q u e o u s  p h a s e  w a s  n e u t r a l i z e d  w i t h  5  M NaOH 
( c u r v e  A , F i g .  4. l ) ,  t h e  s t r o n t i u m  d i s t r i b u t i o n  ' c o e f f i c i e n t  
i n c r e a s e d  from 0 .06  a t  pH 2 . 9  t o  a maximum o f  9 . 5  a t  pH 5 . 3  and  
d e c r e a s e d  t o  0 . 2 3  a t  pH 8 . 2 .  When i t  w a s  n e u t r a l i z e d  w i t h  1 9  M 
NaOH ( c u r v e  B )  , t h e  s t r o n t i u m  d i s t r i b u t i o n  c o e f f i c i e n t s  were 
a b o u t  a f a c t o r  o f  3  lower f o r  a g i v e n  e q u i l i b r i u m  aqueous  pH, 
p r o b a b l y  b e c a u s e  o f  t h e  h i g h e r  ~ a +  c o n c e n t r a t i o n  which  compe te s  
w i t h  s t r o n t i u m  f o r  t h e  e x t r a c t a n t .  These  aqueous  s o l u t i o n s  w e r e  
a l s o  more v i s c o u s  a n d  t h e  p h a s e s  s e p a r a t e d  more s l o w l y  t h a n  i n  



001 '9 3 5 7 9 

EQUILIBRIUM pH OF AQUEOUS PHASE . . 
Fig. 4.1. Strontium distribution from tartrate-complexed synthetic Purex waste as 

function of equilibrium pH. Organic ~hase: 0.3 M D2EHPA-0.15 M TBP i n  Amsco 
125-82; aqueous phase: synthetic Purex waste, tartrate-complexed and neutralized to 
various PHIS with 5 M and 19 M NaOH; o/a ~hase  ratio: 1.0. 

t h e  f i r s t  series.  From a p r o c e s s  s t a n d p o i n t ,  t h e  e x t r a c t i o n  o f  
s t r o n t i u m  by DZEHPA is a b o u t  optimum f rom a t a r t r a t e - c o m p l e x e d  
waste s o l u t i o n  n e u t r a l i z e d  and  d i l u t e d  a f a c t o r  o f  2 .5 -3  w i t h  
5  M NaOH t o  a n  a q u e o u s  pH be tween  4 . 2  and  6 . 5 .  S t r o n t i u m  E ~ ' S  
were 25  o v e r  t h i s  pH r a n g e  ( T a b l e  4 . 1 ) .  The pH c a n  b e  e a s i l y  
c o n t r o l l e d  i n  t h e  pH r a n g e  4 .2 -6 .5  s i n c e  t h e  NaD2EHP-D2EHPA i n  
t h e  o r g a n i c  p h a s e  g i v e s  good b u f f e r i n g  s u p p l e m e n t e d  by some 
b u f f e r i n g  f rom t a r t r a t e  i n  t h e  a q u e o u s  p h a s e .  

I n  t h e s e  e x p e r i m e n t s  a ser ies  o f  s y n t h e t i c  w a s t e  s a m p l e s ,  
i n i t i a l l y  1 bl i n  t a r t r a t e  i o n  a n d  c o n t a i n i n g  S r - 8 5 ,  were a d j u s t e d  
o v e r  t h e  pH r a n g e  3-10 w i t h  5  M NaOH. A n o t h e r  series w a s  
p r e p a r e d  by a d j u s t i ~ i g  t h e  pH w i t h  1 9  g NaOH. T h e s e  s o l u t i o n s  
w e r e  t h e n  b a t c h - e q u i l i b r a t e d  f o r  10  min w i t h  a n  e q u a l  volume o f  
s o l v e n t  c o n t a i n i n g  -0 .3  M DZEHPA a n d  0 . 1 5  M TBP i n  Amsco 125-82.  

4 . 3  E f f e c t  o f  S u l f a t e  C o n c e n t r a t i o n  on S t r o n t i u m  E x t r a c t i o n  

The s u l f a t e  i o n  c o n c e n t r a t i o n  i n  P u r e x  waste h a s  b e e n  
r e p o r t e d  t o  v a r y  be tween  0 .75-1 .5  M. S i n c e  s u l f a t e  m i g h t  b e  
e x p e c t e d  t o  have  s i g n i f i c a n t  a f f i n i t y  f o r  s t r o n t i u m ,  t h e  extrac-  
t i o n  o f  s t r o n t i u m  t r a c e r  by  D2EHPA w a s  s t u d i e d  as a f u n c t i o n  
o f  t h e  aqueous  s u l f a t e  i o n  c o n c e n t r a t i o n ,  b u t  e x t r a c t i o n  o f  s t r o n -  
t i u m  tracer by D2EHPA from a mixed  N a N 0 3  -Na ,  So4 a q u e o u s  p h a s e  



T a b l e  4 . 1 .  D i s t r i b u t i o n  C o e f f i c i e n t s  (o rg /aq )  f o r  Sr -85  

be tween  DZEHPA-TBP and  A d j u s t e d  S v n t h e t i c  Purex  Waste 

O r g a n i c  p h a s e :  0 . 3  M D2EHPA ( m i x t u r e  o f  NaD2EHP + DZEHPA) , 
0 . 1 5  M TBP, Amsco 125-82 d i l u e n t  

Aqueous p h a s e :  s y n t h e t i c  Purex  waste a d j u s t e d  t o  0 .42  M 
N a , C 2 H 4 O 6  and v a r i o u s  i n i t i a l  pH ' s  w i t h  
. 5  M NaOH and  t o  0 . 6  7  hi N a ,  C, H, O6 and 
v a r i o u s  i n i t i a l  pH's  w i t h  1 9  M NaOH 

O / a  p h a s e  r a t i o :  1 . 0  
E q u i l i b r a t i o n  t i m e :  10  min 
S r -85  d e t e r m i n e d  by deep-we l l  y - s c i n t i l l a t i o n  t e c h n i q u e  

Waste N e u t r a l i z e d  w i t h  5  M N a O H ,  Waste N e u t r a l i z e d  w i t h  1 9  M N a O H ,  
D i l u t i o n  F a c t o r  - 2 . 4  D i l u t i o n  F a c t o r  -1 .5  

E q u i l i b r i u m  E q u i  1 i b r i u m  Sr F: 
pH o f  Aqueous S r  E: pH of Aqueous ( i n i t i a l  Sr C u m  

P h a s e  ( t r a c e r  o n l y  ) Phase  0 .17  g / l i t e r )  

0 . 9 3  < O .  02 - - 
2 . 1  - < o .  002 - - 
2 . 9  0 .06  - - 
3 . 4  0 . 2 3  3 . 1  0 . 0 3  
3 . 7  1 . 5  3 .8  0 . 6 2  
4 . 2  5 . 3  4 .0  1 . 7  
4 . 5  - 8 . 6  4 . 3  2 .6  
5 . 3  9 . 5  4 .6  3 . 4  
5 . 7  8 . 2  5 . 3  . 3 . 2  
6 . 5  5 . 5  5 . 8  2 . 4  
6 . 8  1 . 3  6 . 5  0 .79  . 
7 . 4  0 . 4 0  8  ..l 0 . 0 9  
8 . 2  0 . 2 3  9 . 1  0 .05  

1 2 . 8  < O .  001  9 . 8  0 . 0 3  

w a s  e s s e n t i a l l y  the .  same as when e x t r a c t e d  from a NaNO, s o l u t i o n  
f r e e  o f  s u l f a t e  ( T a b l e  4 . 2 ) .  S i m i l a r  t o  p r e v i o u s  tests,  i n  b o t h  
t h e  p r e s e n c e  and a b s e n c e  o f  s u l f a t e ,  t h e  s t r o n t i u m  d i s t r i b u t i o n  
c o e f f i c i e n t s  i n c r e a s e d  r a p i d l y  as t h e  aqueous  pH i n c r e a s e d  from ' 

-2 t o  -5 .  The d i s t r i b u t i o n  c o e f f i c i e n t  was maximum a t  a b o u t  
pH 5 ,  and  t h e n  d e c r e a s e d  t o  a c o n s t a n t  v a l u e  o v e r  t h e  pH r a n g e  
o f  8-12. The c o n s t a n c y  o f  t h e  c o e f f i c i e n t  o v e r  t h e  pH r a n g e  8-1,2 
is i n  c o n t r a s t  t o  t h e  c o n t i n u e d  d e c r e a s e  i n  s t r o n t i u m  c o e f f i c i e n t  
i n  t h e  t a r t r a t e - c o m p l e x e d  s y s t e m  ( S e c t .  4 . 2 ) .  I n c r e a s i n g  t h e  
D2EHPA c o n c e n t r a t i o n  from 0 . 1  t o  0 . 3  M i n c r e a s e d  t h e  s t r o n t i u m  
d i s t r i b u t i o n  c o e f f i c i e n t s  by a f a c t o r  o f  a b o u t  3. 

I n  o r d e r  t o  min imize  t h e  number of  v a r i a b l e s ,  t h e  i n i t i a l  
a q u e o u s  s o l u t i o n s  were HNO, o r  HN03-H2S04 m i x t u r e s  and d i d  n o t  
c o n t a i n  any of  t h e  o t h e r  u s u a l  components  o f  t h e  waste. T h r e e  
a c i d  s o l u t i o n s  were p r e p a r e d  w i t h  s u l f a t e  c o n c e n t r a t i o n s  o f  0 . 0  M ,  
0 . 5  M ,  and  1 . 0  M and  HNO, t o  g i v e  a t o t a l  a c i d  c o n c e n t r a t i o n  o f  
4  M. A l i q u o t s  c o n t a i n i n g  Sr -85  tracer w i t h  no t a r t r a t e  i o n  added  
were n e u t r a l i z e d  w i t h  5  M NaOH t o  d i f f e r e n t  aqueous  pH v a l u e s .  



The  r e s p e c t i v e  s u l f a t e - i o n  c o n c e n t r a t i o n s  were 0 . 0 ,  0 . 2 5 ,  a n d  
0 . 5 2  M a f t e r  n e u t r a l i z a t i o n .  

T a b l e  4 . 2 .  E x t r a c t i o n  o f  S r -85  by D2EHPA f rom 

NaN03-Na,S04 S o l u t i o n s  

Aqueous p h a s e :  t h r e e  s t o c k  s o l u t i o n s ,  t o t a l  H+ = 4  Y; 
0 . 0  M ,  0 . 5 0  & , a n d  1 . 0  M SOT, r e s p e c t i v e l y ;  S r -85  t racer ,  
d i s t i l l e d  water,  and  5  M NaOH a d d e d  t o  a d j u s t  pH a n d  
d e c r e a s e  t h e  SOT c o n c e n t r a t i o n  t o  0 . 0  )I, 0 . 2 5  g,  a n d  
0 . 5 2  M ,  r e s p e c t i v e l y  

O/a p h a s e  r a t i o :  1 . 0  
E q u i l i b r a t i p n  t i m e :  1 0  min 

0 . 0  M SOT 0 . 2 5  M SOT 0 . 5 2  M SOT 
E q u i l .  E q u i l .  E q u i l .  

PH ~r E: PH sr E: PH 
0 S r  Ea 

E x t r a c t a n t :  0 . 1  M D2EHPA-0.1 M TBP-Amsco 125-82 d i l u e n t  

E x t r a c t a n t :  0 . 3  D2EHPA-0.15 M TBP-Arnsco 125-82 d i l u e n t  

2 . 2  0 . 0 7  2 .2  0 . 0 0 5  2 . 0  0 . 2 9  
3.  2  48.,5 2 . 9  1 . 2 6  2 . 6  0.. 35 
3 . 8  21 .2  3 . 6  1 0 . 0  3 . 3  3 . 7  
4 . 6  2 5 . 7  4 . 4  1 9 . 2  4 . 1  1 5 . 4  
5 . 4  6 . 3  5 . 0  1 3 . 6  4 . 6  1 8 . 6  
6 . 1  4 . 0  5 . 3  4 . 8  5 . 8  4 . 4  

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

The r e s p e c t i v e  s u l f a t e f i o n  c o n c e n t r a t i o n s  were 0 . 0 ,  0 . 2 5 ,  a n d  
0 . 5 2  M a f t e r  n e u t r a l i z a t i o n .  

4 . 4  E f f e c t  o f  T a r t r a t e  C o n c e n t r a t i o n  o n  S t r o n t i u m  E x t r a c t i o n  

S t r o n t i u m  . e x t r a c t i o n  d e c r e a s e d  w i t h  i n c r e a s i n g  a q u e o u s  
t a r t ra te  c o n c e n t r a t i o n ,  a t  c o n s t a n t  pH, ~ a ' ,  and  D2EHPA 
( F i g .  4 . 2 ) .  T h i s  i n d i c a t e s  a p p r e c i a b l e  c o m p e t i t i o n  f o r  s t r o n t i u m  
b e t w e e n  t a r t r a t e  i n  t h e  a q u e o u s  p h a s e  'and D2EHPA i n  t h e  o r g a n i c  
p h a s e .  For process purposes  t h e  optimum ta r t ra te  c o n c e n t r a t i o n  
is se t  a t  a C 4 H 6 0 T / ~ e  mole  r a t i o  o f  2. Thus  w i t h  t h e  c u r r e n t  
waste, c o i l t a i n i i l g  0 . 5  M F e ,  f e e d  is p r e p a r e d  by a d d i n g  1 mole  
o f  t a r t r a t e  p e r  l i t e r  p r i o r  t o  pH a d j u s t m e n t .  L a r g e r  amoun t s  



o f  t a r t r a t e  would n o t  s i g n i f i c a n t l y  i n t e r f e r e  w i t h  t h e  p r o c e s s ,  
b u t  d e c r e a s i n g  t h e  above  r a t i o  t o  1 . 5  o c c a s i o n a l l y  r e s u l t e d  i n  
p r e c i p i t a t i o n  o f  h y d r o u s  i r o n  o x i d e .  
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Fig. 4.2. Strontium distribution as a function of aqueous tartrate concentration. 
Organic phase: 0.3 M D2EHPA-0.15 M TBP i n  Amsco 125-82; aqueous phase: 0.0 
to 1.0 M NaN03-0.5 to 0.0 M Na2C4H406, pH 3.9-4.6; o/a phase ratio 1.0. 

4 . 5  E f f e c . t  of  Aqueous Sodium C o n c e n t r a t i o n  on  S t r o n t i u m  

E x t r a c t i o n  

The e f f e c t  o f  sodium i o n  c o n c e n t r a t i o n  on s t r o n t i u m  extrac-  
t i o n  by D2EHPA w a s  examined  b r i e f l y  i n  e x t r a c t i o n s  from 0 . 3  t o  
5 . 0  IY1 NaNO, s o l u t i o n s ,  pH 5 ,  c o n t a i n i n g  Sr-85 t racer .  The 
s t r o n t i u m  d i s t r i b u t i o n  c o e f f i c i e n t  d e c r e a s e d  as t h e  sodium i o n  
c o n c e n t r a t  i o n  i n c r e a s e d  a c c o r d i n g  t o  t h e  r e l a t i o n  ~ r g  z [ ~ a + ] - l -  
( T a b l e  4 . 3 ,  F i g .  4 . 3 ) .  Even i n  f a i r l y  c o n c e n t r a t e d  sodium i o n  
s o l u t i o n s ,  however ,  t h e  s t r o n t i u m  d i s t r i b u t i o n  c o e f f i c i e n t  is 
s u f f i c i e n t l y  l a r g e  f o r  good r e c o v e r y .  

T a b l e  4 .3 .  S t r o n t i u m  E x t r a c t i o n  as a F u n c t i o n  

o f  Sodium C o n c e n t r a t i o n  

O r g a n i c  p h a s e :  0 . 2 1  IV1 DZEHPA--0.09 M N ~ D ~ E H P - O . ' ~ ~  
TBP i n  Amsco 125-82; -0.03. g  ~ r / l i t e r ;  
- 4 . 5 ~ 1 0 4  S r -85  Y c / m .  m l  

Aqueous p h a s e :  0 .3-5 .0  M NaNO,, pH 5  
O/a p h a s e  r a t i o :  1 

=- 

Aqueous NaNO, ,  M S r  EQ 



- 3 3 -  
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Fig. 4.3. Strontium distribution as a function of aqueous sodium concentration. 
Organic phase: 0.3 11.1 D2EHPA-0.15 M TBP i n  Amsco 125-82; aqueous phase: 0.3 
to 5 M NaN03-0.03 g Sr/liter$ equilibrium pH 5; o/a phase ratio: 1.0. 

4 .6  E f f e c t  o f  I r o n  on  t h e  S t r o n t i u m  E x t r a c t i o n  from Na,S04- 
-.-- 

N a ,  C 4 H 4 O 6  S o l u t i o n s  

I n  c u r s o r y  s t u d i e s  t h e  e f f e c t  o f  i r o n  on  s t r o n t i u m  e x t r a c -  
t i o n s  by s o l v e n t  o f  t h e  u s u a l  c o m p o s i t i o n  w a s  examined by 
compar ing  e x t r a c t i o n s  from s o l u t i o n s  c o n t a i n i n g  2 . 4  .M ~ a + ,  1 M 
SOT, 0 . 2  M C 4 H 4 0 7  w i t h  and w i t h o u t  t h e  p r e s e n c e  o f  0 . 1  M_ 
Fe(NO,), . Sr-85 t racer  w a s  added  t o  e a c h  s o l u t i o n  t o  g i v e  a 
c o u n t i n g  ra te  o f  - l o 4  y c / m .  m l .  When no  i r o n  w a s  p r e s e n t  
t h e r e  w a s  a s h a r p  s t r o n t i u m  e x t r a c t i o n  maximum, which upon 
a d d i t i o n  o f  i r o n  w a s  b roadened '  o v e r  s e v e r a l  pH u n i t s  ( F i g .  4 . 4 ,  
T a b l e  4 . 4 ) .  Wi thou t  i r o n  i n  t h e  aqueous  p h a s e ,  t h e  s t r o n t i u m  
d i s t r i b u t i o n  c o e f f i c i e n t  w a s  a l m o s t  c o n s t a n t  o v e r  t h e  pH r a n g e  
7-12, b u t  when i r o n  w a s  p r e s e n t  i t  c o n t i n u e d  t o  d e c r e a s e  from 
t h e  maximum o f  -8 a t  pH 5 . 5  t o  0 .05  a t  pH 1 2 .  T h i s  c u r v e  f o r  
e x t r a c t i o n  from t h e  N a + ,  SO,, C 4 H , 0 a ,  J?e3+ s o l u t i o n  c l o s e l y  
a p p r o x i m a t e s  t h a t  f o r  e x t r a c t i o n  o f  s t r o n t i u m  by DZEHPA from a 
NaOH-neutral ized t a r t r a t e - c o m p l e x e d  s y n t h e t i c  Purex  waste 
( S e c t .  4 . 2 ) .  
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.%g. 4.4. Strontium-8!5 tracer distribution from Na2S04-Na2C H406 and Na2S04- i ~ a ~ c ~ H ~ o ~ - F e ( N o ~ ) ~  solutions. Organic phase: 0.3 M D2EHP -0.15 M TBP i n  
Amsco 125-82; aqueous ~hase: (a) 2.4 M ~a+-0.2 M C4H4O6=--1 M so4=; (b) - 
ram= plus 0.1 M ~e3+-0.3.. M NOg ; o/a phase ratio: 1.0. 

T a b l e  4 . 4 .  . E f f e c t  o f  I r o n  o n  S r - 8 5  E x t r a c t i o n  by D2EHPA 

f r o m  N a ,  SO4 - N a ,  C4H4O6 S o l u t i o l l s  o v e r  p H  Range 1-12 

O r g a n i c  p h a s e :  0 . 3  M DZEHPA-0.15 M TBP, A m s c o  125-82 
Aqueous  p h a s e :  2 . 4  hJ ~a', 1 M SO:, 0 . 2  U C 4 ~ , 0 ;  f o r  one 

series a n d  2 . 4  M ~ a ' ,  1 Id SOT, 0 . 2  M C4H40z ,  0 . 1  M 
Fe(N03 ) ,  f o r  t h e  o t h e r ;  S r -85  Z l o 5  y c / m .  m l  

O/a p h a s e  r a t i o :  1 . 0  
E q u i l i b r a t i o n  t i m e :  1 0  m i n  

0 . 0  M Fe(N0,  ), 0 . 1  &L Fe  ( N o 3  13 
E q u i l .  p H  S r - 8 5  E g  Equil. p H  S r - 8 5  ~g 



The w i d e r  maximum i n  t h e  s t r o n t i u m  e x t r a c t i o n  v s  pH c u r v e  
when i r o n  w a s  p r e s e n t  i n  t h e  a q u e o u s  p h a s e  may be  d u e  t o  
e s s e n t i a l l y  c o m p l e t e  c o m p l e x i n g  o f  t h e  t a r t r a t e  by i r o n ,  l e a v i n g  
mos t  o f  t h e  s t r o n t i u m  i n  a noncomplexed ,  more  e x t r a c t a b l e  
c o n d i t i o n .  

4 . 7  S t r o n t i u m  E x t r a c t i o n  I s o t h e r m  

A s t r o n t i u m  e x t r a c t i o n  i s o t h e r m  w a s  o b t a i n e d  by a series 
o f  e q u i l i b r a t i o n s  o f  a s o l v e n t  c o m p r i s e d  o f  0 . 3  &-I DZEHPA ( 0 . 2 1  M 
DZEHPA a n d  0 . 0 9  &l NaD2EHP)--0.15 M TBP i n  Amsco 125-82 a n d  
a q u e o u s  s o l u t i o n s  c o n t a i n i n g  1 . 0 - 1 . 3  a NaNO, , 0 .011 -1 .00  M 
Sr(NO,) ,  , and  Sr -85  tracer a t  a n  i n i t i a l  pH o f  6.  A f t e r  e q u i -  
l i b r a t i o n s  t h e  pH v a r i e d  f rom 4 . 3  t o  '5 .0 .  The e q u i l i b r i u m  c u r v e ,  
( F i g .  4 . 5 ,  T a b l e  4 . 5 )  l e v e l e d  o f f  a t  a s o l v e n t  l o a d i n g  c o r r e -  
s p o n d i n g  t o  a DZEHP/Sr r a t i o  o f  4 .  T h i s  i s  t h e  e x p e c t e d  r a t i o  
f o r  s t r o n t i u m  complexed  by two DZEHPA d i m e r s .  

T a b l e  4 . 5 .  E x t r a c t i o n  I s o t h e r m  f o r  S t r o n t i u m  

O r g a n i c  p h a s e :  0 . 2 1  D2EHPA--0.09 M NaDZEHPA--0.15 TBP; 
A m s c o  125-82 

Aqueous p h a s e :  1 . 0 -1 .3  NaNO, ; 0.011-1.00 M Sr(N0,  ) Z  ; 
Sr -85  T r a c e r ,  pH 6 .0  

Variable p h a s e  r a t i o s  

S t r o n t i u m  C o n c e n t r a t i o n  
O r g a n i c  P h a s e  Aqueous P h a s e  Aqueous E q u i l i b r i u m  

g / l i t e r  M g / l i t e r  M PH 

0 . 7 4 3  8 . 4 8 x 1 0 - ~  0 . 0 1 9  2 . 1 7 x 1 0 - ~  4  .. 8  
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Fig. 4.5. Strontium extraction isotherm. Organic phase: 0.3 M D2EHPA-0.15 M 
TBP in  Amsco 125-82; aqueous phase: 1 .O-1.3 M . Na No3, pH 6. 

4 . 8  E f f e c t  of D2EHPA C o n c e n t r a t i o n  on S t r o n t i u m  E x t r a c t i o n  

With t h e  o t h e r  v a r i a b l e s  h e l d  c o n s t a n t ,  t h e  S r  E: from t h e  
a d j u s t e d  P u r e x  s o l u t i o n  w a s  p r o p o r t i o n a l  t o  [ D Z E H P A ] ~ .  2 4  
( T a b l e  4 . 6 ,  F i g .  4 . 6 ) .  I n  t h e s e  e x p e r i m e n t s  s i m u l a t e d  Purex  
waste s o l u t i o n  ( c o n t a i n i n g  Sr -85  t r a c e r )  w a s  c o n t a c t e d  w i t h  
e q u a l  volumes o f  0 . 1 5  M--0.2 M TBP--Amsco 125-82 c o n t a i n i n g  
D2EHPA a t  c o n c e n t r a t i o n s  v a r y i n g  from 0 .02  t o  0 . 5  u. Because  
t h e  p r e v i o u s  d a t a  i n d i c a t e d  t h a t  t h e  maximum s t r o n t i u m  e x t r a c -  
t i o n  would be a t  a b o u t  pH 5 ,  t h e  e q u i l i b r i u m  pH was a l l o w e d  t o  
v a r y  o n l y  be tween 4 . 5  and  5 . 4 .  

T a b l e  4 . 6 .  E x t r a c t i o n  of  S t r o n t i u m  as a F u n c t i o n  

o f  I n i t i a l  DZEHPA ~ o n c e n t r s t i o n  

O r g a n l c  p h a s e  : v a r i a b l e  D2EHPA and TRP . c o n c e n t r a t i o n s ,  
Amsco 125-82 d i l u e n t  

Aqueous p h a s e :  s y n t h e t i c  P u r e x  waste a d j u s t e d  t o  0 .42 M 
Na,C,H,06 and  t o  ' v a r i o u s  i n i t i a l  pH ' s  w i t h  
5 g NaOH,  d i l u t i o n  f a c t o r  2 . 4  

O / a  p h a s e  r a t i o :  1 . 0  
E q u i l i b r a t i o n  t i m e :  1 0  min 
Sr -85  d e t e r m i n e d  by y-scintillation method 

O r g a n i c  P h a s e  Equilibrium pH oT 
DZEHPA, g TBP, M Aqueous Phase  ~r E: 
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Fig. 4.6. Strontium distribution as a function of D2EHPA concentration. Organic 
phase: 0.02 to 0.5 M D2EHPA -0.2 M TBP i n  Amsco 125-82; aqueous phase: syn- 
thetic Purex waste initially 1 M i n  tartrate, NaOH added to equilibrium pH of 4.5- 
5.4, dilution factor 2.4; o/a phase ratio: 1.0. 

The e x t r a c t a n t  c o n c e n t r a t i o n  c h o s e n  f o r  p r o c e s s  u s e  is 
0 . 3  M_ DZEHPA s i n c e  t h i s  c o n c e n t r a t i o n  p r o v i d e d  l a r g e  s t r o n t i u m  
and  rare e a r t h  d i s t r i b u t i o n  c o e f f i c i e n t s ,  a d e q u a t e  s o l - v e n t  
c a p a c i t y ,  and  good p h a s e  s e p a r a t i o n .  A s  n o t e d  p r e v i o u s l y  t h e  
p r o c e s s  s o l v e n t  c o m p o s i t i o n  is a c t u a l l y  0 . 2 1  M DZEHPA-0.09 IV1 
NaDZEHP-0.15 M TBP i n  Amsco 125-82; t h i s  r a t i o  o f  N~D~EHP/D~EHPA 
t e n d s  t o  minimize  t h e  ~ a + - H +  t r a n s f e r  between t h e  o r g a n i c  p h a s e  
and low-ac id  aqueous  p h a s e ,  t h u s  s i m p l i f y i n g  pH c o n t r o l .  A l s o  
as ment ioned  ea r l i e r ,  t h e  TBP is n o t  p r e s e n t  i n  t h e  s o l v e n t  as 
a n  a c t i v e  e x t r a c t a n t  b u t  o n l y  t o  m a i n t a i n  m i s c i b i l i t y  o f  t h e  
NaD2EHP i n  t h e  o r g a n i c  p h a s e .  

4 . 9  R a r e  E a r t h s  E x t r a c t i o n  

I n  t h e  pH r a n g e  5-6,  t h e  d i s t r i b u t i o n  c o e f f i c i e n t s  f o r  
europium and f o r  t o t a l  rare e a r t h s  were n e a r l y  t h e  same. They 
were a l i t t l e  h i g h e r  t h a n  t h o s e  f o r  s t r o n t i u m ,  e n s u r i n g  rare 
e a r t h  e x t r a c t i o n  u n d e r  c o n d i t i o n s  s e t  f o r  s t r o n t i u m  e x t r a c t i o n .  



I n  t h e .  pH r a n g e  2-3 t h e  rare e a r t h s  were s t i l l  e a s i l y  e x t r a c t e d ,  
w h e r e a s  s t r o n t i u m  e x t r a c t i o n  w a s  n e g l i g i b l e .  The d i s t r i b u t i o n  
c o e f f i c i e n t s  f o r  t h e  t o t a l  f i s s i o n  p r o d u c t  rare e a r t h s  were 
c o n s i d e r a b l y  l o w e r  t h a n  t h o s e  f o r  e u r o p i u m ,  b u t  were s t i l l  h i g h  
enough  f o r  e x t r a c t i o n  ( ~ g  5 t o  25 )  a n d  s e p a r a t i o n  from s t r o n t i u m  
( c a l c u l a t e d  s e p a r a t i o n  f a c t o r  330 a t  pH 3 ,  F i g .  4 . 7 ) .  The 
e x p e r i m e n t s  were made w i t h  s i m u l a t e d  ~ u r e x '  waste w i t h  europium 
tracer ( T a b l e  4 . 7 )  a n d  mixed  f i s s i o n  p r o d u c t s  ( T a b l e  4 . 8 )  o / a  
p h a s e  r a t i o  ' o f  1 and  1 0  min c o n t a c t  t i m e .  
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Fig. 4.7. Europium, strontium, and total rare earths distributions from tartrate- 
complexed synthetic Purex waste as a function of equilibrium pH. Organic phase: 
0.3 M D2EHPA-0.15 M TBP i n  Amsco 125-82; aqueous phase: synthetic Purex 
waste, tartrate-cornplexed and neutralized to various pH's; o/a phase ratio: 1.0. 

The d a t a  s u g g e s t  two methods  f o r  r e c o v e r y  a n d  s e p a r a t i o n  
o f  s t r o n t i u m  and  t h e  rare e a r t h s :  ( 1 )  c o n s e c u t i v e  e x t r a c t i o n s  
f rom t h e  a d j u s t e d '  w a s t e ,  rare e a r t h s  at p H  2-3 and  t h e n  s t r o n t i u m  
a t  p H  5 -6 ,  o r  ( 2 )  s i m u l t a n e o u s  e x t r a c t i o n  o f  b o t h  a t  pH 5-6 f o l -  
lowed by c o n s e c u t i v e  e x t r a c t i o n s  i n  a s e c o n d  c y c l e .  The s e c o n d  . 

method w a s  c h o s e n  f o r  more i n t e n s i v e  s t u d y .  The a d v a n t a g e  o f  
t h e  f i r s t  is immedia te  s e p a r a t i o n  of t h e  rare e a r t h s  and  
s t r o n t i u m ,  b u t  t h e  d i s a d v a n t a g e  is two s e p a r a t e  a d j u s t m e n t s  and  
e x t r a c t i o n s  of t h e  waste. The two methods  would i n v o l v e  a b o u t  
t h e  same number o f  o p e r a t i o n s  t o  f i n a l  p u r i f i c a t i o n  and  s h o u l d  
y i e l d ,  a p p r o x i m a t e l y  t h e  same d e g r e e  o f  i n i t i a l  s e p a r a t i o n .  

I n  f u r t h e r  s t u d y  o f  t h e  rare e a r t h  s e p a r a t i o n  from s t r o n -  
t i u m  a t  pH 3 ,  two b a t c h  c o u n t e r c u r r e n t  tests were r u n  i n  p a r a l -  
l e l ,  w i t h  4 s t a g e s  a t  o/a o f  1 / 5 ,  1 min c o n t a c t  t i m e .  The rare 
e a r t h  d i s t r i b u t i o n  w a s  f o l l o w e d  i n  one  t e s t  by means of europium 
t racer  ( T a b l e  4 . 9 a ) ,  a n d  t h e  s t r o n t i u m  d i s t r i b u t i o n  w a s  f o l i o w e d  



T a b l e  4 .7 .  E x t r a c t i o n  o f  Europium-152 and  -154 by D2EHPA 

O r g a n i c  p h a s e :  0 . 3  M DZEHPA, 0 . 1 5  M TBP, Amsco 125-82 
Aqueous p h a s e :  s y n t h e t i c  P u r e x  waste a d j u s t e d  t o  0 .40  M 

Na,C,H,06 and  t o  v a r i o u s  pH's  w i t h  5 M 
NaOH,  d i l u t i o n  f a c t o r  = 2 . 5  

O / a  p h a s e  r a t i o  : 1 . 0  
E q u i l i b r a t i o n  t i m e :  1 0  min 

Aqueous E q u i l .  Eu-152 and -154,  y c / m .  m l  
PH O r g a n i c  Aqueous Eu E: 

i n  t h e  o t h e r  by s t r o n t i u m  tracer (Tab le  4 . 9 b ) .  From t h e  r e s p e c -  
t i v e  d i s t r i b u t i o n  c o e f f i c i e n t s  f o r  europium and  s t r o n t i u m  a t  t h e  
f i r s t  e x t r a c t i o n  s t a g e ,  t h e  Eu/Sr s e p a r a t i o n  f a c t o r  w a s  c a l c u -  
l a t e d  t o  be  115 .  

Al though t h e  aqueous  pH d i d  n o t  change  m a r k e d l y ,  t h e  
europium d i s t r i b u t i o n  c o e f f i c i e n t s  d e c r e a s e d  from 23' a t  t h e  
f i r s t  s t a g e  t o  9 . 9  a t  t h e  f o u r t h  s t a g e .  A material b a l a n c e  
showed 102% o f  t h e  europium tracer e x t r a c t e d  i n  t h e  f o u r  s t a g e s  
and  1.570 l o s s  t o  t h e  r a f f i n a t e .  The s t r o n t i u m  d i s t r i b u t i o n  
c o e f f i c i e n t s  were 0 . 2 0 ,  0 . 3 4 ,  0 . 4 5 ,  and 0 .37  a t  t h e  f i r s t  t o  
t h e  f o u r t h  s t a g e s ,  r e s p e c t i v e l y ,  which i n d i c a t e d  t h a t  t h e  
s t r o n t i u m  w a s  r e f l u x i n g  t o  some e x t e n t .  By material b a l a n c e ,  
4.3% o f  t h e  s t r o n t i u m  w a s  e x t r a c t e d  and 91.5% w a s  n o t  e x t r a c t e d .  

4 .10  Zirconium-Niobium E x t r a c t i o n  

The d i s t r i b u t i o n  b e h a v i o r  o f  z i rconium-niobium tracer 
be tween a d j u s t e d  s i m u l a t e d  Purex  waste and t h e  D2EHPA s o l v e n t  
w a s  measured  i n  two d i f f e r e n t  a c i d i t y  r a n g e s :  0 . 5  t o  4  M t o  
examine t h e .  p o s s i b i l i t y  o f  removing z i r c o n i u m  and n iobium b e f o r e  
s t r o n t i u m  o r  rare- e a r t h  e x t r a c t i o n ,  and  pH 0 . 4  t o  10 t o  i n d i c a t e  
whe the r  t h e r e  would be s e r i o u s  c o n t a m i n a t i o n  o f  s t r o n t i u m  and 
rare e a r t h s  by z i rconium-niobium.  Zirconium-niobium e x t r a c t i o n  
w a s  low from' t h e  0 . 5  t o  4  M a c i d  s o l u t i o n s  i n  t h e  a b s e n c e  o f  
t a r t r a t e  (Tab le  4 . 1 0 ) .  The d i s t r i b u t i o n  c o e f f i c i e n t s  i n  a l l  
cases were 5 0 . 5  and  showed l i t t l e  v a r i a t i o n  w i t h  aqueous  
a c i d i t y .  I n  t h e  p r e s e n c e  of  0 .25  o r  0 . 4  M t a r t r a t e ,  on  t h e  



T a b l e  4 .8 .  E x t r a c t i o n  of  . T o t a l  Rare E a r t h s  by 

D2EHPA as a F u n c t i o n  o f  p11 

O r g a n i c  p h a s e :  0 . 3  DZEHPA, 0 .15  TBP, Amsco 125-82 
Aqueous p h a s e :  s y n t h e t i c  Purex  waste s p i k e d  w i t h  P u r e x  

waste s o l u t i o n ,  a d j u s t e d  t o  0 . 3 3  M N a , C 4 H 4 0 6 .  and  t o  
pH v a l u e s  shown w i t h  NaOH, d i l u t i o n  f a c t o r  3 .0  

O/a p h a s e  r a t i o :  1 . 0  
E q u i l i b r a t i o n  . t i m e :  10 min 

Aqueous T o t a l  Rare E a r t h s ,  
E q u i l i b r i u m  p c/m. m l  

PH Org - Aq TRE E: 

T a b l e  4 . 9 .  B a t c h  c o u n t e r c u r r e n t  E x t r a c t i o n  o f  T r a c e r  

Europium and S t r o n t i u m  

O r g a n i c  p h a s e :  0 . 3  M D2EHPA-0.15 M TBP i n  Amsco 125-82 
Aqueous p h a s e :  s y n t h e t i c  Purex  w a s t e  a d j u s t e d  t o  0 . 3 8  M 

( f o r  Eu) "0.40 'M ( S r )  N a 2 C 4 H 4 0 6 ,  t racer  a d d e d ,  p a r t i a l l y  
n e u t r a l i z e d  t o  pH 3 .45  (Eu) "3.0 ( S r )  w i t h  N a O H ,  d i l u t i o n  
f a c t o r  2 . 6  

O / a  p h a s e  r a t i o :  1 / 5  
E q u i l i b r a t i o n  t i m e :  1 min 
Volume c h a n g e s :  3  

A c t i v i t y ,  y c / m .  m l  Aqueous E q u i l i b r i u m  
S t a g e  Org A q  E: PH 

a. Eu-152 and  154  

F e e d  - 3 . 6 8 ~ 1 0  
5  - 

1-E 1 .91x106 8 . 3 4 ~ 1 0  23.0 

2-E 5 . 4 3 ~ 1 0  3 . 1 2 ~ 1 0  1 7 . 4  
5  

3-E ' 1. 83x105 1 . 2 3 ~ 1 0  1 4 . 9  

4-E 5 . 3 9 ~ 1 0  5 . 4 2 ~ 1 0  
3  

9 . 9  



T a b l e  4 . 9  ( C o n t ' d . )  

A c t i v i t y ,  y c / m .  m l  Aqueous E q u i l i b r i u m  
S t a g e  erg ~q  E O ~  PH 

b .  S r - 8 5  

Feed  - 1 .40x105  - 3 .0  

T a b l e  4 . 10 .  E x t r a c t i o n  o f  Z i rcon ium-Niob ium 

f rom 0 .6 -2 .0  M H+ P u r e x  Waste 
O r g a n i c  p h a s e :  0 . 3  M DZEHPA---0.15 M TBP i n  Amsco 125-82 
Aqueous p h a s e :  s y n t h e t i c  P u r e x  waste a d j u s t e d  w i t h  

Na,C4H406 a n d  NaOH t o  c o n d i t i o n s  shown;  Zr-Nb t racer  
- 5 ~ 1 0 4  c / m .  m l  

O / a  p h a s e  r a t i o :  1 . 0  

P h a s e  
D i l u t i o n  C o n t a c t  E q u i l i b r i u m  C o n c e n t r a t i o n s ,  Ba 

H+ N a+ 0 
F a c t o r  T ime ,  min  C4 H, O r  Zr-Nb Ea 



o t h e r  h a n d ,  e x t r a c t i o n s  w e r e  h i g h e r  and were s e n s i t i v e  t o  t h e  
a q u e o u s  a c i d i t y .  From -I N and 2 M a c i d  s o l u t i o n s ,  d i s t r i b u t i o n  
c o e f f i c i e n t s  were a b o u t  1 and  3 ,  r e s p e c t i v e l y .  C o e f f i c i e n t s  
i n  t h i s  r a n g e  are s u f f i c i e n t l y  l a r g e  f o r  a Zr-Nb s c a v e n g i n g  
s t e p .  

The e x t r a c t i o n  o f  Zr-Nb w a s  t ime-dependen t ,  s imi la r  t o  t h e  
p r e v i o u s l y  o b s e r v e d  b e h a v i o r  o f  i r o n .  Fo r  example ,  t h e  
d i s t r i b u t i o n  c o e f f i c i e n t s  w e r e  1 . 0  a t  1 min and 3 . 3  a t  10  min 
w i t h  2 . 0  M a c i d ,  0 . 2 5  &-I t a r t r a t e .  The r e l a t i v e l y  l o n g  t i m e  
r e q u i r e d  f o r  b e s t  Zr-Nb e x t r a c t i o n  would be  a d e t r i m e n t a l  b u t  
n o t  a p r o h i b i t i v e  f a c t o r  t o  t h e  p r o c e s s  a p p l i c a t i o n  o f  a Zr-Nb 
s c a v e n g i n g  c y c l e .  

From f e e d  o f  h i g h e r  pH ( 1  &-I t a r t r a t e ,  10  min c o n t a c t )  
Zr-Nb d i s t r i b u t i o n  c o e f  f  P c f e n t s  contfr.iut? Lu deci7east w i t h  
i n c r e a s i n g  pH, e. g .  , from' -1 a t .  pH 1 ' to  ~ 0 . 1  a t  pH 5  and  <.0.01 
a t  pH 1 0  ( T a b l e  4 .11  , '  F i g .  4 . 8 ) .  I t  is e v i d e n t  t h a t  i n  t h e  
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Fig. 4.8. Zirconium-niobium distribution from tarti-ate-complexed synthetic Purex 
waste as a function of pH. Organic phase: 0.3 M D2EHPA-0.15 M TBP in Amsco 
125-82; aqueous phase: synthetic Purex waste, tartrate-complexed and neutrali'zed to 
various pH's; o/a phase ratio: 1.0. 



pH r a n g e  5 -6 ,  wh ich  is n e a r  optimum f o r  s t r o n t i u m  r e c o v e r y ,  
t h e  c o e f f i c i e n t  f o r  Zr-Nb is r e l a t i v e l y  low.  C o n s e q u e n t l y ,  
e v e n  t h o u g h  a p r i o r  Zr-Nb s c a v e n g i n g  c y c l e  is n o t  i n c l u d e d  i n  
t h e  p r o c e s s ,  Zr-Nb d i s c a r d  s h o u l d  be p o s s i b l e  d u r i n g  t h e  
s t r o n t i u m  r e c o v e r y  c y c l e .  

T a b l e  4 . 1 1 .  E x t r a c t i o n  o f  Z i rcon ium-Niob ium f rom 

P u r e x  Waste i n  t h e  DH Reg ion  0 .4 -10 .5  

O r g a n i c  p h a s e :  0 . 3  M DZEHPA-0.15 TBP i n  Arnsco 125-82 
Aqueous p h a s e :  s y n t h e t i c  P u r e x  waste, Zr-Nb a c t i v i t y  as 

shown,  a d j u s t e d  t o  0 .40 M N a ,  C4H4O6, p a r t i a l l y  
n e u t r a l i z e d  w i t h  NaOH t o  pH shown,  d i l u t i o n  f a c t o r  2 . 5  

O/a p h a s e  r a t i o :  1 . 0  
E q u i l i b r a t i o n  t i m e :  1 0  min 
- --- 

Aqueous ~ r 9 5 - ~ b 9 5  A c t i v i t v  , c / m .  m l  
E q u i l i b r i u m  pH Org  Aq Zr-Nb E: 

Zr-Nb T r a c e r  Only  
- 

9 . 9  3.  6x102 2 . 1 ~ 1 0  
5  0 . 0 0 2  

~ r 9 5 - ~ b 9 5 i n  F i s s i o n  P r o d u c t  M i x t u r e  



4 . 1 1  Ruthenium E x t r a c t i o n  

The e x t r a c t i o n  o f  ru then ium a c t i v i t y  by t h e  D2EHPA s o l v e n t  
f rom a n  a d j u s t e d  waste s o l u t i o n  w a s  s t u d i e d  as a f u n c t ' i o n  o f  
t h e  aqueous  e q u i l i b r i u m  pH u n d e r  t h e  same c o n d i t i o n s  as f o r  t h e  
p r e v i o u s l y  d e s c r i b e d  z i r con ium-n iob ium and rare e a r t h  e x t r a c -  
t i o n s .  The r u t h e n i u m  d i s t r i b u t i o n  c o e f f i c i e n t s  were al.1 v e r y  
l o w ,  r a n g i n g  from 0 . 0 4  t o  0 .005  o v e r  t h e  pH r a n g e  o f  0 . 4  t o  
1 0 . 5  ( T a b l e  4 . 1 2 ) .  

/ 

T a b l e  4 .12 .  E x t r a c t i o n  o f  Ruthenium bg D2EHPA as 

a F u n c t i o n  o f  pH 

O r g a n i c  p h a s e :  0 . 3  M D2EHPA--0.15 M TBP i n  Arnsco 125-82 
Aqueous p h a s e :  s y n e h e t i c  Purex waslt: s p i k e d  w i t h  P u r c ~ r  

waste s o l u t i o n ,  a d j u s t e d  t o  0 . 3 3  M N a , C 4 H 4 0 6  and w i t h  
NaOH t o  pH v a l u e s  shown; d i l u t i o n  f a c t o r  3 .0  

O / n  p h a s e  r a t i o :  1 . 0  
E q u i l i b r a t i o n  t i m e :  1 0  min 

Ruthenium A c t i v i t y ,  y c / m .  m l  
Aqueous E q u i l i b r i u m  p H  0l-g Aq Ru En 

0 

0 . 4  2.71x104 7.62x105 0 . 0 4  

4 .12  Calc ium a n d  Barium E x t r a c t i o n  

Calc ium w a s  e x t r a c t e d  from s y n t h e t i c  Purex  waste w i t h  a 
c o e f f i c i e n t  o f  493 a t  t h e  f i r s t  e x t r a c t i o n  s t a g e  and  >10 a t  t h e  
s e c o n d  ' s t a g e  ( T a b l e  4 . 1 3 ) .  The l a t t e r  c o e f f i c i e n t  w a s  p r o b a b l y  
much g r e a t e r  t h a n  1 0  b u t  a c c u r a t e  d e t e r m i n a t i o n s  c o u l d  n o t  be  
made s i n c e  t h e  a q u e o u s  p h a s e  c o u n t  rate w a s  a p p r o a c h i n g  back-  
g r o u n d .  Barium e x t r a c t i o n  u n d e r  s imilar  c o n d i t i o n s  (Tab le  4 . 1 3 )  
w a s  l ow,  t h e  d i s t r i b u t i o n  c o e f f i c i e n t s  b e i n g  0 . 1  and  0 . 0 3  a t  
t h e  f i r s t  a n d  s e c o n d  e x t r a c t i o n  s t a g e s ,  r e s p e c t i v e l y .  The 
o r g a n i c  a n d  aqueous  p h a s e s  were c e n t r i f u g e d  t o  minimize  any 



T a b l e  4.13. Calcium and Barium E x t r a c t i o n  by DZEHPA 

O r g a n i c  p h a s e :  0 .15  g NaD2EHP-0.15 &-I DZEHPA-0.15 M TBP 
i n  Amsco 125-82 d i l u e n t  

Aqueous phase :  s y n t h e t i c  Purex  waste s p i k e d  t o  ( a )  - 3 ~ 1 0  
5  

Ca-45 fi c / m .  m l ,  ( b )  ~ 4 x 1 0 4  Ba-133 Y c / m .  m l ,  and a d j u s t e d  
t o  0 .33  M N a , C 4 H 4 0 6  and n e u t r a l i z e d  w i t h  5  g NaOH t o  
pH 5 . 6 ,  d i l u t i o n  f a c t o r  3.0 

B a t c h  c o u n t e r c u r r e n t  t e c h n i q u e ,  2  e x t r a c t i o n  s t a g e s ,  5  
volume changes  

O / a  p h a s e  r a t i o :  2  

A c t i v i t v ,  c / m .  m l  - " .  
S t a g e  Org- Aq E O ~  

a .  Ca-44 . - 

E-1 5 . 9 ~ 1 0 4  1 .2x102  493 
E-2 5 .  0x102 c50  >10 
Feed - 1.03x105 

b .  Ba-133 
E-1 1 . 1 8 ~ 1 0 3  1 . 2 0 ~ 1 0 4  0 . 0 9 9  
E-2 7 .  8x102 2 . 7 6 ~ 1 0 4  0 .029  
Feed - 1.52x104 

e r r o n e o u s  c o u n t  ra te  due t o  t h e  p r e s e n c e  o f  BaSO, p r e c i p i t a t e  
which formed when t h e  f e e d  c o n t a i n i n g  e x c e s s  bar ium as a car- 
r ie r  w a s  n e u t r a l i z e d  t o  pH 5 . 6 .  

These  d a t a  show t h a t  c a l c i u m  p r e s e n t  i n  Purex  waste as 
a n  i m p u r i t y  s h o u l d  r e p o r t  t o  t h e  s t r o n t i u m  p r o d u c t  s o l u t i o n .  
When o p e r a t i o n  is a c c o r d i n g  t o  t h e  f l o w s h e e t  i n  F i g .  2 . 1 ,  a n  
a d d i t i o n a l  p u r i f i c a t i o n  c y c l e  f o r  t h i s  e l e m e n t  w i l l  b e  r e q u i r e d .  
One p o s s i b l e  method f o r  s e p a r a t i n g  c a l c i u m  and s t r o n t i u m  by 
DZEHPA e x t r a c t i o n  h a s  been p r o p o s e d  by t h e  ORNL I s o t o p e s  
D i v i s i o n .  l4 The p r e s e n c e  o f  bar ium (from f i s s i o n ) ,  on  t h e  o t h e r  
h a n d ,  s h o u l d  n o t  p r e s e n t  a problem s i n c e  i ts low d i s t r i b u t i o n  
c o e f f i c i e n t s  s h o u l d  a l l o w  s c r u b b i n g  o f  bar ium from t h e  o r g a n i c  
p h a s e .  The d a t a  a l s o  i n d i c a t e  t h a t  DZEHPA e x t r a c t i o n  is a n  
a t t r a c t i v e  method f o r  s e p a r a t i n g  t h e  a l k a l i n e  e a r t h  e l e m e n t s .  
F o r  example ,  from t h e  a d j u s t e d  waste s o l u t i o n s  u n d e r  comparab le  
c o n d i t i o n s ,  t h e  d i s t r i b u t i o n  c o e f f i c i e n t s  f o r  c a l c i u m ,  s t r o n t i u m ,  
and  bar ium were 493,  5 . 1 5 ,  and  0 . 0 9 9 ,  r e s p e c t i v e l y .  

4 .13  R e l a t i v e  Rates o f  I r o n  and  S t r o n t i u m  E x t r a c t i o n  

A s  n o t e d  p r e v i o u s l y  ( S e c t .  3 . 2 )  t h e  s t r o n t i u m  is e x t r a c t e d  
from t h e  a d j u s t e d  Purex  waste by DZEHPA a t  a much f a s t e r  ra te  
t h a n  i r o n .  F u r t h e r  d a t a  a r e  g i v e n  i n  F i g .  4 . 9 .  The S r  ~2 w a s  
n e a r l y  c o n s t a n t  a t  6 .5-7 .3  w i t h  p h a s e  e q u i l i b r a t i o n  t i m e s  o f  1 
t o  20 min whereas  t h e  Fe ~2 i n c r e a s e d  from 0.052 a f t e r  a  1 min- 
p h a s e  e q u i l i b r a t i o n  t o  0 .58  a f t e r  20 min c o n t a c t  t i m e .  The 
c o r r e s p o n d i n g  S r /Fe  s e p a r a t i o n  f a c t o r s  w e r e  1 2 1  after a 1-min 
p h a s e - c o n t a c t  time and a b o u t  1 3  a f t e r  L O  min. 
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' Fig. 4.9. Relative rates of iron and strontium distribution from tartrate-complexed 

synthetic Purex waste. Organic phase: 0.3 M D2EHPA-0.15 M TBP in Amsco 125- 
82; aqueous phase: synthetic Purex waste initially 1 M in  tartrate, neutralized to pH 
5.5 with 5 '  M NaOH, dilution factor 2.5; o/a phase ratio: 1.0. 

4 . 1 4  T a r t r a t e  E x t r a c t i o n  from N a ,  SOA - N a ,  CAHAOc, S o l u t i o n s  

When a l l  t h e  D2EHPA w a s  i n  t h e  a c i d  f o r m ,  no d e t e c t a b l e  
t a r t r a t e  was e x t r a c t e d  ( T a b l e  4 . 1 4 ) .  When 3070 o f  t h e  DZEHPA 
w a s  p r e s e n t  as t h e  sodium salt, t h e  t a r t r a t e  c o n c e n t r a t i o n  i n  
t h e  o r g a n i c  p h a s e  w a s  0 .015  mg/ml. When a l l  t h e  D2EHPA w a s  
as t h e  sodium s a l t ,  t h e  t a r t r a t e  c o n c e n t r a t i o n  w a s  0 . 5 5  mg/ml. 

T a b l e  4 .14.  T a r t r a t e  E x t r a c t i o n  bv NaD2EHP-D2EHPA 

from Aqueous N a ,  SO, - N a ,  C, H4 O6 S o l u t i o n s  

O r g a n i c  p h a s e :  0 . 3  &! DZEHPA ( v a r y i n g  c o n c e n t r a t i o n s  o f  
NaD2EHP), 0 . 1 5  IYL TBP, A m s c o  125-82 d i l u e n t  

Aqueous p h a s e :  1 M N a 2 S 0 4 ;  O.4MNa2C4H4O6 
O / a  p h a s e  r a t i o :  1 / 4  
E q u i l i b r a t i o n  t i m e :  1 h r  

T a r t r a t e  ' C o n c e n t r a t  i o n ,  
NaD2EHP, DZE.H.PA, mg/ml 

0 
v o l  70 v o l  70 Orga Acl" T a r t r a t e  Ea. 

0  100 0 .0  60 .0  0 .0  
30 70 0 .015  60 .0  2 . 5 x 1 0 - ~  
50 50 0.062 60.0 l . 0 2 x l 0 - ~  
7  0  30 0 .22  5 9 . 9  3 . 6 8 ~ 1 0 - 3  

100  0  0 .55  59 .9  ~ . ~ x I o - ~  

a ' I 

A n a l y t i c a l  method by L. J.  Brady.  

b ~ a l c u l a t e d  v a l u e  from o r g a n i c  a n a l y s i s  and  i n i t i a l  
a q u e o u s  p h a s e  c o n c e n t r a t  i o n .  



I n  t h i s  series of  tests aqueous  s o l u t i o ' n s  o f  1 M NaS04-- 
0 . 4  M N a ,  C 4 H 4 0 6  w e r e  e q u i l i b r a t e d  1 h r  w i t h  DZEHPA-NaD2EHP-- 
TBP-Amsco 125-82 a t  o / a  p h a s e  r a t i o s  o f  1 /4 .  Ni t ra te  s o l u t i o n s  
were n o t  u s e d  i n  t h e s e  tes ts  i n  o r d e r  t o  s i m p l i f y  t h e  a n a l y t i c a l  
p roblems.  The amount of  t h e  D2EHPA e x t r a c t a n t  p r e s e n t  as t h e  
sodium s a l t  w a s  v a r i e d  from 0-100'70 and  t h e  t o t a l  r e a g e n t  concen-  
t r a t i o n  h e l d  c o n s t a n t  a t  0 . 3  M. The TBP c o n c e n t r a t i o n  was 0 .15  M 
i n  a l l  c a s e s  w i t h  Amsco 125-82 as t h e  d i l u e n t .  T a r t r a t e  w a s  
d e t e r m i n e d  by r e a c t i o n  w i t h  Ce(1V) f o l l o w e d  by b a c k - t i t r a t i o n "  
o f  t h e  e x c e s s  Ce(1V) w i t h  s t a n d a r d  FeS04 s o l u t i o n .  
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