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ABSTRACT 

A p r o c e s s  w a s  deve loped  f o r  s e p a r a t i n g  promethium from 
mixed f i s s i o n  p r o d u c t  rare e a r t h s  by c o n t i n u o u s  m u l t i s t a g e  
c o u n t e r c u r r e n t  e x t r a c t i o n  w i t h  100% t r i -g -bu ty lphospha te  from 
n i t r i c  a c i d  o f  1 2  E or h i g h e r  c o n c e n t r a t i o n .  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 t  1 2  a c i d i t y  f o r  neodymium, promethium, and 
samarium are 0.4.3, 0 .82 ,  and 1 . 5 5 ,  r e s p e c t i v e l y .  S i n g l e -  
s t a g e  s e p a r a t i o n  f a c t o r s  of 1 . 9  between s u c c e s s i v e  e l emen t s  
c a n  be m a i n t a i n e d  th roughou t  t h e  sys tem t o  g i v e  s e p a r a t i o n s  
dependent  o n l y  on t h e  number of s t a g e s .  E x t r a c t e d  v a l u e s  c a n  
be r ecove red  from t h e  o r g a n i c  s o l u t i o n  by s t r i p p i n g  w i t h  a 
smaller volume of  d i l u t e  n i t r i c  acid.  

A f l o w s h e e t  f o r  p u r i f i c a t i o n  of promethium i n c l u d e s  one 
c y c l e  f o r  s e p a r a t i o n  of promethium from neodymium and l i g h t e r  
e l e m e n t s  and a second c y c l e  f o r  removal of samarium and 
h e a v i e r  e l emen t s .  Each c y c l e  c o n s i s t s  of  a series of  
c o u n t e r c u r r e n t  p a r t i t i o n i n g  s t a g e s ,  fo l lowed  by s t r i p p i n g  
s t a g e s  and an  e v a p o r a t o r .  With 2 0  s t a g e s  i n  t h e  f i r s t  c y c l e  
and 34 stages i n  t h e  second ,  a 90% y i e l d  of promethium w i t h  a 
p u r i t y  o f  83% c a n  be o b t a i n e d  from a t y p i c a l  m i x t u r e  of  
f i s s i o n  p r o d u c t  rare earths, assuming e s s e n t i a l l y  p e r f e c t  
mechanica l  e f f i c i e n c y .  An i n c r e a s e  t o  34 s t a g e s  i n  t h e  f i r s t  
c y c l e  would permit a 9.370 y i e l d  o f  99% promethiurn. 
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1 . 0  INTRODUCTION 

T h i s  r e p o r t  d e s c r i b e s  t h e  development o f  a p r o c e s s  f o r  
s e p a r a t i n g  t h e  s y n t h e t i c  e l emen t  promethium from t h e  o t h e r  
f i s s i o n  p r o d u c t  rare e a r t h s .  The p r o c e s s  is t o  be a p p l i e d  
on a p r o d u c t i o n  scale by t h e  I s o t o p e s  D i v i s i o n  of t h e  Oak 
Ridge N a t i o n a l  L a b o r a t o r y .  The o r d e r  and n a t u r e  of  e x p e r i -  
inents performed were a f f e c t e d  c o n s i d e r a b l y  by changes  i n  a i m s  
and needs  i n d i c a t e d  by t h o s e  i n t e r e s t e d  i n  a p p l i c a t i o n .  
C h r o n o l o g i c a l l y  t h e s e  aims were: removal o f  y t t r i u m  i n  o r d e r  
t o  o b t a i n  less r a d i o a c t i v e  f e e d  material f o r  i o n  exchange 
columns;  removal o f  lanthanum, praseodymium and most of t h e  
neodymium i n  order t o  d e c r e a s e  t h e  bu lk  and increase t h e  
promethiurn c a p a c i t y  of i o n  exchange columns;  a n d ,  f i n a l l y ,  
p r o d u c t i o n  o f  promethium o f  r e q u i r e d  p u r i t y  by a two-cycle  
e x t r a c t i o n  p r o c e s s  a l o n e ,  The p r o c e s s  adop ted  f o r  c e r i u m  
r e c o v e r y  a l s o  removed most o f  t h e  y t t r i u m ,  and t h e  f e a s -  
i b i l i t y  of promethium p u r i f  i c a t i o r ,  by e x t r a c t i o n  became more 
o b v i o u s  as t h i s  s t u d y  p r o g r e s s e d .  The f e a s i b i l i t y  o f  p u r i -  
f y i n g  promethium on a l a r g e  scale depends on t h e  main tenance  
o f  t h e o r e t i c a l  s e p a r a t i o n  f a c t o r s  t h roughou t  a long  ser ies  
of s t a g e s ,  t h e  absence  of a b u i l d u p  of  rare e a r t h s  s u f f i c i e n t  
t o  n o t i c e a b l y  decrease 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  any p a r t  
of Ehe s y s t e m s  and  t h e  q u a n t i t a t i v e  s t r i p p i n g  of t h e  ex-  
t r a c t e d  e l e m e n t s  from t h e  o r g a n i c  stream i n t o  a r e a s o n a b l e  
volume of  d i l u t e  n i t r i c  a c i d .  

The n a t u r e  of She equipment  used  for m u l t i s t a g e  e x p e r i -  
ments  and its l o c a t i o n  w e r e  such t h a t  p r o c e s s i n g  of radio- 
a c t i v e  materials w a s  n o t  feasible ,  T h e r e f o r e  no promethium 
w a s  p r e s e n t  i n  any of t h e s e  e x p e r i m e n t s .  However, s i n g l e -  
s t a g e  e x p e r i m e n t s  e s t a b l i s h e d  t h e  r e l a t i o n  between promethium 
and t h e  n e i g h b o r i n g  e l e m e n t s  w e l l  enough t h a t  a c c u r a t e  i n f o r -  
ma t ion  f o r  promethium c a n  be o b t a i n e d  by i n t e r p o l a t i o n  i n  
d a t a  o b t a i n e d  from m i x t u r e s  o f  neodymium and samarium, The 
a c c u r a c y  o f  m u l t i s t a g e  data  w a s  l imi ted  by t h e  a c c u r a c y  of  
s p e c t r o g r a p h i c  a n a l y s i s  

T h i s  phase  of t h e  development was carried o n l y  t o  t h e  
p o i n t  t h a t  f e a s i b i l i t y  o f  a s u g g e s t e d  f l o w s h e e t  appea red  t o  
have been e s t a b l i s h e d  and assemblies of s t a i n l e s s  s tee l  
Knowles-type mixer  se t t lers  became a v a i l a b l e  i n  t h e  I s o t o p e s  
D i v i s i o n ,  A t  t h i s  p o i n t  development w a s  t r a n s f e r r e d  there. 
P r e l i m i n a r y  tes ts  w i t h  i n d i v i d u a l  tracer e l e m e n t s  have  con- 
f i rmed  p r e d i c t i o n s  made from t h e  r e s u l t s  of e x p e r i m e n t s  
r e p o r t e d  h e r e .  

Peppard et; a l .  f i r s t  r e p o r t e d  t h e  s e p a r a t i o n  of  rare 
earths by e x t r a c t i o n  w i t h  t r i b u t y l  phospha te  from concen-  
t ra ted  n i t r i c  and h y d r o c h l o r i c  acids.  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 . e . ,  r a t i o s  of 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  phase  
t o  c o n c e n t r a t i o n  i n  t h e  aqueous phase  i n c r e a s e d  w i t h  a c i d i t y .  
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Separation fac tors ,  ratios o f  d i s t r i b u t i o n  coeffi- 
c ien t s ,  between s u c c e s s i v e  rase-earth elements i n  She fissiopl 
product  range were a b o u t  1 . 9  with ac id i t ies  above 10 N HMO3. 
~ u c h  in foxmat ion  eo~ce~mning these e x t r a c t i o n s  and s e p a r a t i o n s  
has been c o n t r i b u t e d  by McKay a t  a l .  
studied the s e p a r a t i o n  of rare e a r t h s  in .  c o n c e n t r a t e d  s o l u -  
t i o n s  of l o w  a c i d i t y .  In  '&his l a b o r a t o r y  n a b u r a l  rare earths 

BrezhnevaS et a1 report a m u l t i s t a g e  d i s t r i b u t i v e  s e p a r a t i o n  
sf f i s s i o n  product rare earths,  

Spedding e t  a l a  3 

have been s e p a r a t e d  OE a k i log ram Scale by Weaver e t  a l ,  4 

The a u t h o r s  g r a t e f u l l y  acknowledge t h e  v e r y  careful 
second-shift o p e r a t i o n  of t h e  s e p a r a t i o n  cascade by J, P .  
Eubanks, R .  E .  PlicHer~r-ga w a s  helpful in keep ing  t h e  course of 
t h e  i n v e s t i g a t i o n  related to the p r o s p e c t i v e  needs of t h e  
Isotopes D i v i s i o n  e Spectrographic a n a l y s e s  w e r s  devised and 
perupformed by J. A ,  N o m i s  and associates i n  t h e  A n a l y t i c a l  
Chemis t ry  Division. T r a c e r  distribution data were o b t a i n e d  
by Janet Debnav and J, P .  Eubanks.  

2.0 FLOWSHEET 

A two-cycle  f lowshest  was d e v i s e d  on t he  basis 0f d a t a  
o'ataified i n  a l a b o r a t o r y - s c a l e  study ( F i g  1). Indicated 
f P s w  rates fo r  the f i rs t  cycle are a 10- foP6  scaleup of those 
suita1SBe ~ Q X -  the e x p e r i m e n t a l  equipment The S ~ C Q K I ~  cycle 
fits t h e  e x p e r i m e n t a l  equipment  and  is adequate to handle  the 
p r ~ d i i c t  of t h e  first cycPs .  There are IKI chemical liznita- 
t i o m  on scaleup to a production p l a n t ,  

One consp icuous  lack i n  $he above €lowsheet is t h e  
number of s t a g e s  i n  each s a g a r a t i o n s  caseade, The production 
p l a n t  of  the X S O $ Q ~ ~ S  D i v i s i o ~  has  20  s t a g e s  i n  t h e  first 
caseade and 34 stages i n  t h e  second, The f irst  cascade is 
l i n i t e d  ts a s e p a r a t i o n  f a c t o r  o f  -500  between p r o m t h i u m  and 
neadynFum,  w h i l e  t h e  3 4  stages of t h e  second  cascade a l l o w  a 
- f a e % o ~  of -35,009 be tween  sawariurn and  promethium, The y i e l d  
and/or p u r i t y  of t h e  promethium is s e v e r e l y  l i m i t e d  by t h e  
s m a l l  nuaber  of stages in the first cascade. The first sec- 
t i o n  of Table 1 shows 0r~e c a l c u l a t e d  possible resul t  of oper- 
a t i o n  of t h i s  cascade. The yield of promethium was arbi-  
t r a r i l y  s e t  a t  90% in, t h e  first cycle a n d  She samarium 
refnoval at 99% i n  t h e  second, A t t a i n a b l e  s e p a r a t i o n s  are 
calculated from a single stage s e p a r a t i o n  f a c t o r  of 1 . 8 5  
between s u c c e s s i v e  e l e m e n t s ,  Q u a n t i t i e s  are based on feed 
c o n t a i n i n g  1008 g of mixed f i s s i o n  product r a m  earths.  The 
c o m p o s i t i o n  of t h e  feed material is c a l c u l a t e d  from t h e  
expected reakal-ks 0f removing c e r i u m  from a mixture of arbi-  
t r a r y  :out posslibls c o ~ ~ ~ p o s i t i o w ,  An i n c r e a s e  to  2 5  s t a g e s  i n  
t h e  f irst  cascade a l l o w s  a n  i n c r e a s e  i n  promethium p u r i t y  
$0 93% (Table 1, middle section). There is 'mor8 need f o r  
high s e p a r a t i o n  power in the first  c y c l e  than in t h e  second 
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Fig. 1 .  Promethium purification flowsheet, 
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Table 1. Calculated Material Balance 
in Promethium Furif ication 

3 4  stages i n  2nd cycle 

Feed, 1st Cycle 1st C y c l e  2nd Cycle 2nd Cycle . 
Elem@nt g Waste,  g P r o d u c t ,  g Waste9 g Product, g 

20 Stages in 1st cycle, Pm Yield 90’70, Purity 83% -- -- 
142 
142 
537 

6 3  
108 

a. 6 
0 . 7  
3 . 3  

142 
1 4 2  
52% 

6 . 3  
0 . 0 2 5  

- 
- 10.1. 
8 . 1 4  56.5 

1 0 7  1,l 
3 I) 6 1x1 0-6 
0 , 7  - 
3 . 3  

115  68 
__I_ 

1.000 81-7 1 8 2  

25 Stages in la$ c y c l e ,  Pnn Yield 90%, Purity 93% 
~ 

_I-.--- 

L a  142  
Pr 142 
Nd 5 3 7  
man 63 
sm 108 
Eu 3 , b  
Gd 6) .  a 
Y 3 . 3  

1000 

142 
1.42 
534 

6 . 3  

- 
3 . 3  

56.7 

3 . 6  
0 * 7  
3 . 3  

108 

1476 

- 
Q. 16 

3 , b  
0 . 7  
a .  3 

1 0 9  

824 115; 61 

34  Stages i s  1 s t  Cycle, Pm Yield 93%9 p u r i t y  99% 

La 
PP 
Md 
prm 
sm 
EU 
Gd 
Y 

142 1 4 2  
142 1 4 2  
537 ,537 

En3 a 
108 - 

3.6 - 
0 .  -7 - 
3 ,  a 

l o a 0  824  

- - 

- 
0.3 

60 
1 0 8  

3 . 6  
0 . 7  
3 . 3  

0.7 

3,6 
0 ,  7 
3.3 

108 

176 116 

because nsod i ~ m  is the major constituent of the original 
mixture. With 34  stages i n  each cascade it  would be possible 
to obtain a 93% y i e l d  of 99% promethium (Table  1 ,  bottom 
s e c t i o n )  
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While  t h i s  f l o w s h e e t  is based  on 1 2  J MNO,, o p e r a t i o n  
a t  h i g h e r  a c i d i t y  is f e a s i b l e ,  R e l a t i v e  f low rates would 
be d i f f e r e n t  w i t h  a smaller o r g a n i c  f l o w ,  b u t  s e p a r a t i o n  
f a c t o r s  would be o n l y  v e r y  s l i g h t l y  h i g h e r .  S u i t a b l e  f l o w  
rates f o r  any a c i d i t y  f o r  which d i s t r i b u t i o n  c o e f f i c i e n t s  
are known c a n  be c a l c u l a t e d  w i t h o u t  f u r t h e r  e x p e r i m e n t s .  

3 0 EXPERIMENTAL 

3 . 1  A m a r a t u s  and Techniaues  

S i n g l e - s t a g e  data  were o b t a i n e d  by c o n t a c t i n g  p r e p a r e d  
p h a s e s  i n  s e p a r a t o r y  f u n n e l s ,  s e p a r a t i n g  t h e  p h a s e s ,  p i p e t -  
Ling 2 4 1  s amples  of e a c h  phase  i n t o  a c u l t u r e  t u b e  w i t h  a 
c o r k  s t o p p e r ,  and measu r ing  t h e  gainma a c t i v i t y  i n  a w e l l -  
t y p e  s c i n t i l l a t i o n  c o u n t e r ,  T r a c e r s  u sed  w e r e  Nd147, P m l 4 $ ,  
and Sm153 o b t a i n e d  from I s o t o p e s  D i v i s i o n  s t o c k s ,  N i t r i c  
acid c o n c e n t r a t i o n s  w e r e  de t e rmined  by t i t r a t i n g  t h e  2 - m l  
s amples  i n  water w i t h  s t a n d a r d  1 E NaOH to a methyl  o range  
end  p o i n t .  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 ra t ios  of c o u n t s  
p e r  u n i t  t i m e  i n  t h e  two p h a s e s .  

The b a s i c  u n i t  of the m u l t i s t a g e  e x t r a c t i o n  sys tem w a s  
a glass  m i x e r - s e t t l e r  (F ig .  2 ) .  The d e s i r e d  number of t h e s e  
u n i t s  were connec ted  i n  series by Tygon t u b i n g  con ta in ing -  an 
a d j u s t a b l e  g r a v i t y  l eg  for c o n t r o l  o f  t h e  i n t e r f a c e  h e i g h t  
i n  e a c h  s t a g e ,  The c e n t r a l  pumping i m p e l l e r  and mix ing  
b l a d e s  were powered by a 0.01-hp Bodine motor  a t t a c h e d  t o  e a c h  
s h a f t  by t u b i n g ,  S i n c e  t h e  i m p e l l e r  i n  t h i s  mixer-settler 
pumps wha teve r  l i q u i d  becomes a v a i l a b l e  t o  i t ,  t h e r e  w a s  no 
i n t e r n a l  c o n t r o l  of t h e  f low rates. The m o s t  f r e q u e n t  c a u s e  
of i n t e r r u p t i o n  w a s  %he b reakage  o f  g l a s s  s h a f t s .  The pro-  
cess streams w e r e  s u p p l i e d  by M i l t o n  Roy p r o p o r t i o n i n g  pumps 
and mic robe l lows  pumps. The c h i e f  a c t i v i t y  of t h e  o p e r a t o r  
w a s  t h e  c h e c k i n g  of f low rates by measur ing  f e e d  or e f f l u e n t  
volumes. E v a p o r a t o r s  w e r e  c o n t i n u o u s  and were c o n s t r u c t e d  
of g l a s s  p i p e  w i t h  s team-hea ted  t a n t a l u m  f i n g e r s .  There  w a s  
s u f f i c i e n t  d i f f i c u l t y  i n  m a i n t a i n i n g  c o n s t a n t  f l ow rates 
i n t o  t h e  sys tem and u n i n t e r r u p t e d  I l o w  t h rough  a l l  t h e  
m i x e r - s e t t l e r s  t h a t  a t t a i n m e n t  o f  e q u i l i b r i u m  w a s  f a r  from 
r o u t i n e ,  I n  s e v e r a l  e x p e r i m e n t s  t h e  f u l l  e f f i c i e n c y  of t h e  
chemica l  sys tem was n o t  o b t a i n e d  from t h e  mechan ica l  sys tem.  
Moreover ,  l a c k  of e q u i l i b r i u m  w a s  n o t  a lways  obv ious  and 
became e v i d e n t  o n l y  on la ter  a n a l y s i s .  With t h e  low concen-  
t r a t i o n s  used  i n  m o s t  of t h e s e  e x p e r i m e n t s ,  a d e q u a t e  sampl ing  
r e q u i r e d  t e r m i n a t i o n  of e x p e r i m e n t s  and t h e  u s e  o f  l a r g e  
f r a c t i o n s  of  t h e  t o t a l  volumes as samples .  I n  each e x p e r i -  
ment a t  least  2 5  h r  o f  s t e a d y  o p e r a t i o n  w e r e  a l l owed  for 
a t t a i n m e n t  o f  e q u i l i b r i u m ,  

3 - 2  S i n g l e - s t a g e  D a t a  

E x t r a c t i o n  of  b o t h  neodymium and promethium i n c r e a s e d  
w i t h  a c i d i t y  up  t o  about 4 I N HNO, and t h e n  d e c r e a s e d  s l o w l y  
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AQUEOUS EFFLUENT 

Fig. 2. Pump mixer-set t ler .  
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t o  n e a r l y  8 _N. HNQ,, before i n c r e a s i n g  r a p i d l y  w i t h  h i g h e r  
a c i d i t y  ( F i g .  3 ) .  The e x t r a c t i o n  coe f f i c i en t  of  samarium 
from about 1 2  N a c i d  h a s  been measured r e p e a t e d l y ,  Readings 
from t h e s e  curGes g i v e  coef f ic ien ts  o f  0 . 4 3 ,  0 . 8 2 ,  and  1 , 5 5 ,  
r e s p e c t i v e l y ,  f o r  neodymium, promethium, and samarium, The 
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  f o r  b o t h  p a i r s  is 1 . 9 .  

I n  t h e  middle  acid r a n g e ,  c o e f f i c i e n t s  are low enough 
to p e r m i t  s t r i p p i n g  of  t h e  rare e a r t h s  from t h e  TBP by a 
volume of a c i d  e q u a l  t o  o r  sonewhat less t h a n  the  volume of 
TBP, S i n c e  n i t r i c  acid d i s t r i b u t e s  between TBP and water, 
its c o u n t e r c u r r e n t  s t r i p p i n g  m a i n t a i n s  t h e  a c i d i t y  i n  a 
s u i t a b l e  range f o r  s t r i p p i n g  t h e  rare e a r t h s  i f  the p r o p e r  
f l o w  r a t io s  are used .  

3 e 3 Eleven- s t age  Exper iments  

In  t h e  first e x p e r i m e n t ,  des igned  (Table 2 ,  p a r t  a )  to 
d e t e r m i n e  t h e  s e p a r a b i l i t y  of y t t r i u m  from neodymium, 99% of 
t h e  y t t r i u m  w a s  c o n c e n t r a t e d  i n  t h e  e x t r a c t g  which c o n t a i n e d  
o n l y  7% of t h e  t o t a l  feed. The a p p a r e n t  absence  of neo- 
dymium i n  the e x t r a c t  p reven ted  t h e  c a l c u l a t i o n  of s e p a r a -  
tion fac tors  between neodymium and o t h e r  e l e m e n t s .  A n a l y s i s  
of both phases  i n  6 of t h e  11 stages (F ig ,  4) showed t h a t  
t h e  h i g h e s t  eoncen<ira-tion i n  any stage w a s  less t h a n  2 g of 
REZQ3 per l i t e r .  T h i s  is less t han  1% of  She l o a d i n g  
c a p a c i t y  o f  TBP. The h i g h e s t  c o n e e x t r a t i o n  w a s  a t  t h e  feed 
p o i n t s  

In  a second  experiment t h e  o rgan ic / aqueous  f low r a t i o  
w a s  i n c r e a s e d  i n  order So measure t h e  s e p a r a t i o n  between 
samarium and neodymium (Table  2 ,  p a r t  b). The i n d i c a t e d  
o v e r a l l  s e p a r a t i o n  factor  between samarium a n d  neodymium is 
8 8 0 ,  or 3,42 p e r  stage. The c o r r e s p o n d i n g  c a l c u l a t e d  Sm/Pm 
and  Pm/Nd factors a m  1.85. This is very n e a r  t h e  e x p e r i -  
men ta l  s i n g l e - s t a g e  v a l u e  of  1 - 9 ,  i n d i c a t i n g  a h i g h  e f f i -  
c i e n c y  i n  t h e  s e p a r a t i o n  system. 

When t h e  f e e d  p o i n t  w a s  a t  stage 9 ,  t h e  maxiiaum concen- 
t r a t i o n  of t o t a l  rare e a r t h s  remained a t  t h i s  p o i n t  (F ig .  5 ) ,  
b u t  t h e  c o n c e n t r a t i o n  of  neodymium w a s  a t  a maximum n e a r e r  
t h e  middle o f  t h e  c a s c a d e  ( F i g ,  6 ) .  The neodymium concen-  
tration d e c r e a s e d  r a p i d l y  above t h e  feed p o i n t .  

3 , 4  Twenty-stage Exper iments  I and D a t a  

have equipment  w i t h  20 s t a g e s  f o r  s e p a r a t i o n  of promethium 
from neodymium expe r imen t s  w e r e  performed with 20  g l a s s  
m i x e r - s e t t l e r s .  Flow rates w e r e  chosen  (Table 3 )  s o  as t o  
s p l i t  between promethium and neodyniium, on t h e  basis t h a t  
t h e i r  d i s t r i b u t i o n  c o e f f i c i e n t s  from 1 2  X HN03 w e r e  0 .95  and 
0 . 4 6 ,  r e s p e c t i v e l y .  Though there is c o n s i d e r a b l e  u n c e r t a i n t y  

When i t  became c e r t a i n  t h a t  %he I s o t o p e s  D i v i s i o n  would 
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T a b l e  2 .  E leven-s tage  S e p a r a t i o n  of Neodvmium from 
( a )  Y t t r ium and (b) Samarium 

Feed: 250 rnl/hr of 1 2 , 5  HN03 c o n t a i n i n g  2 . 5  g RE203 
Organ ic :  1 0 0 %  TBP 
Aqueous: 1 2  HN03 

R E 2 0 3  9 A n a l y s i s ,  % of Total  R E Z 0 3  
Stream g/hr  La203 Pr6O11 Nd203 Sm2 O3 Eu, 0 3  Gd203 DYz 0 3  Y z O ~  

Feed 2 , 5  1 5  3 . 3  6 1  1 4  0.15 0 . 4  - 5 , 5  

(a) Feed i n t o  S t a g e  6 ;  o r g a n i c  600 ml /h r ,  aqueous 1500 ml/hr  
Organ ic  0 .178 - - - 8 . 8  0 . 3  5 . 2  0 . 3  86  
R a f f i n a t e  2 , 2 4  1 5  4 . 4  6 7  1 2 . 8  0 . 0 5  0 . 1  - 70.1 

(b)  Peed i n t o  S t a g e  8 ;  o r g a n i c  1100 m l / h r ,  aqueous 950 ml /hr  
Organi '3 0 ,  5 - - 8 . 7  5 9  0 .14  1 . 8  - 30 
R a f f i n a t e  2 , O  20 5 74 0 . 5 7  - - I I 

T a b l e  3 .  Twenty-stage S e p a r a t i o n  of Samarium f r o m  Neodymium 

Feed : 250 ml/hr  of 1 2 . 5  N HN03 c o n t a i n i n g  2 . 5  g R E 2 0 3  
Organ ic :  1000  ml/hr TBP p r e - e q u i l i b r a t e d  w i t h  3 E HN03 
Aqueous: 850 ml/hr 1 2  N HN03 

- 
R E 2 0 3  9 A n a l y s i s ,  YO of T o t a l  R E , 0 3  

Stream g /hr La203 Pr 6 0 4  NdZ O3 Sm2 O3 y 2  O3 

Feed 2 . 5  1 7  4 60 1 5  5 . 5  

Organ ic  0 . 4 8  - - 2 7 1  27 

Aqueous 2 . 0 2  2 0  3 77 0 .02  I 



-13 - 
UNCLASSIFIED 

ORNL-LR-DWG 42840 

3 

I- 

+ a, .... 
5 
2 
0 

4 a 1  
z 
u 
Z 
0 
U 

- 
I- 

I- 

w 

0- 
@I w 

GL 

0.3 

b + .... 
5 
2 

2 
0 
t- 

+. 
W 
Z 
V 
Z 
0 u 
0- 
hl 
U 
Z 

0. 

I I I I I 
3 5 7 a 9 11 

STAGE NO. 
Fig. 5. 

feed i n  stage 9. 
Rare earth concentration profiles i n  11-stage cascade, 

Fig. 6. Neodymium concentration profiles i n  11-stage cascade, 
feed i n  stage 9. 



-14- 

i n  t h e  small v a l u e  o f  0 . 0 2 %  Sm,O, i n  t h e  r a f f i n a t e ,  t h e  i n d i -  
c a t e d  o v e r a l l  Sm/Nd s e p a r a t i o n  f a c t o r  is -100 ,000,  o r  n e a r l y  
3 , 2  p e r  stage,  T h i s  approaches  t h e  e x p e r i m e n t a l  s i n g l e - s t a g e  
v a l u e .  A n a l y s i s  of  b o t h  phases  of 1 3  o f  t h e  2 0  stages (F ig .  
7 )  showed t h a t  t h e  h i g h e s t  c o n c e n t r a t i o n  i n  t h e  s o l v e n t  w a s  
o n l y  0 . 8  g o f  R E , 0 3  p e r  l i t e r .  

Exper iments  were performed t o  o b t a i n  d a t a  t o  be used  as  
a g u i d e  i n  d e t e r m i n i n g  t h e  p r o p e r  f e e d  p o i n t s  f o r  s p e c i f i c  
y i e l d s  and p u r i t i e s ,  In  most o f  t h e s e  e x p e r i m e n t s  i m p e r f e c t  
per formance  of one o r  more of t h e  mixer-sett lers p r e v e n t e d  
a t t a i n m e n t  of  e q u i l i b r i u m  and f u l l  e f f i c i e n c y  of t h e  sys tem 
and d e c r e a s e d  u s e f u l n e s s  o f  t h e  d a t a .  However, t h i s  informa- 
t i o n  c a n  be c a l c u l a t e d  as a c c u r a t e l y  as it c a n  be de te rmined  
w i t h  p e r f e c t l y  e f f i c i e n t  a p p a r a t u s .  

3 . 5  T h i r t y - f o u r - s t a g e  Experiment  and D a t a  
~ --1_.--- 

The I s o t o p e s  D i v i s i o n  h a s  34 s t a g e s  a v a i l a b l e  f o r  t h e  
s e p a r a t i o n  of samarium from promethium. Two e x p e r i m e n t s  were 
per formed i n  t h e  g l a s s  a p p a r a t u s  w i t h  34  s t a g e s ,  though t h e  
s e p a r a t i o n  e x p e c t e d  w a s  too h i g h  f o r  measurement.  A s m a l l  
d i f f e r e n c e  i n  t h e  o r g a n i c  f low ra te  (Table  4)  made a marked 
d i f P e r e n c e  i n  t h e  amount of samarium e x t r a c t e d .  I n  n e i t h e r  
case was enough neodymium e x t r a c t e d  t o  make p o s s i b l e  a c a l c u -  
l a t i o n  of a s e p a r a t i o n  f a c t o r .  

3 , 6  - S t r i p p i n g  

S t r i p p i n g  from t h e  o r g a n i c  phase  was s t u d i e d ,  E x t r a c t i o n  
d a t a  i n d i c a t e  t h a t  s t r i p p i n g  s h o u l d  be maximum w i t h  aqueous 
a c i d i t i e s  between 5 and 8 N arid t h a t  i n  1 0  stages s t r i p p i n g  
s h o u l d  be e s s e n t i a l l y  compTete w i t h  o rgan ic / aqueous  f low 
r a t i o s  up t o  4, The a c i d i t y  of t h e  s t r i p p i n g  s o l u t i o n  w i l l  
i n c r e a s e  toward t h e  s t a g e  from which it  l e a v e s  t h e  s y s t e m ,  
w i t h  t h e  a c i d  l e v e l  depending  somewhat on t h e  a c i d i t y  o f  t h e  
o r i g i n a l  s t r i p  s o l u t i o n  b u t  more on t h e  f l o w  r a t i o .  When t h e  
organic ,  e f f l u e n t  from a 20-s tage  s e p a r a t i o n  expe r imen t  w a s  
s t r i p p e d  i n  1 0  s tages  w i t h  1 /4  volume of 4 N HNO,, t h e  f i n a l  
a c i d i t y  o f  t h e  s t r i p  s o l u t i o n  w a s  n e a r l y  10-N (F ig .  8 ) .  
S t r i p p i n g  w i t h  2 N HN03 gave  a s l i g h t l y  l e s s a c i d  e f f l u e n t .  
I t  a p p e a r s  a d v i s a z l e  t o  m a i n t a i n  an  aqueous /o rgan ic  ra t io  of 
a t  least 1 / 3 ,  though t h e  s p e c t r o g r a p h i c  l a b o r a t o r y  r e p o r t e d  
t h a t  no rare e a r t h s  were d e t e c t a b l e  i n  t h e  TBP from t h e  
s t r i p p i n g  expe r imen t .  

4.0 DISCUSSION 

The s e p a r a t i o n  of n a t u r a l  rare e a r t h s  is l i m i t e d  by con- 
c e n t r a t i o n  e f f e c t s .  R a r e  e a r t h s  are e x t r a c t e d  by f o r m a t i o n  
of complexes w i t h  TBP o f  t h e  form R E ( N 0 ,  ) 3  - 3TBP. Pure  TBP is 
a p p r o x i m a t e l y  e q u i v a l e n t  t o  a 1 M rare e a r t h  s o l u t i o n .  D i s -  
t r i b u t i o n  c o e f f i c i e n t s  are c o n s t a n t  o n l y  a t  l o w  c o n c e n t r a t i o n s  
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Tab le  4 ,  T h i r t y - f o u r - s t a g e  S e p a r a t i o n  
l____l___ 

of Samarium from Neodymium 

Feed:  100 ml /hr  1 2 . 5  g HN03 c o n t a i n i n g  4.0 g R E 2 0 3  
Organ ic :  100% TBP p r e - e q u i l i b r a t e d  w i t h  1 2  HNO, 
Aqueous: 1900 ml /hr  1 2  E H N 0 3  

R E 2 0 3  9 A n a l y s i s ,  70 of T o t a l  RE203 
Stream g / h r  Nd2 O3 Sm O3 

Feed 4 , 0  6 94 

( a )  Organic  1520 ml /hr  
Organ ic  2 .28 I 100 
Aqueous 1 - 6 4  2 2  7% 

( b )  Organ ic  1 7 7 0  mP/hr 
Organ ic  4 .03  - 100 
Aqueous 0 , 2 2  96 4 

and d e c r e a s e  as l o a d i n g  of  t h e  s o l v e n t  i n c r e a s e s  ( F i g e  9 )  I n  
e x t r a c t i o n s  Prom as l i t t l e  as 0 . 1  M rare e a r t h  n i t r a t e ,  t h e  
e f f e c t i v e  free r e a g e n t  c o n c e n t r a t i o n  is d e c r e a s e d  by 10%. With 
a th i rd-power  dependency o f  e x t r a c t i o n  c o e f f i c i e n t s  on r e a g e n t  
c o n c e n t r a t i o n ,  t h e r e  is c o n s i d e r a b l e  v a r i a t i o n  i n  c o e f f i c i e n t s  
t h r o u g h o u t  a m u l t i s t a g e  s y s t e m ,  g r e a t l y  d e c r e a s i n g  its e f f i -  
c i e n c y .  T h i s  e f f e c t  i n c r e a s e s  w i t h  atomic number and t h e  con- 
s e q u e n t l y  greater e x t r a c t a b i l i t y ,  T h e r e f o r e  t h e  l i g h t e r  and 
mare abundant  e l e m e n t s  are more e a s i l y  s e p a r a t e d  t h a n  are t h e  
h e a v i e r  and rarer ones .  

In  t h e  s e p a r a t i o n  of f i s s i o n  p r o d u c t  rare e a r t h s ,  t h e  
d i s a d v a n t a g e s  of l i q u i d  e x t r a c t i o n  are g r e a t l y  d imin i shed .  
The v a l u e  of t h e  material is measured i n  c u r i e s  of a c t i v i t y  
r a t h e r  t han  i n  we igh t  u n i t s .  Highly  a c t i v e  s o l u t i o n s  c a n  be 
o b t a i n e d  w i t h o u t  e x c e s s i v e  l o a d i n g  of t h e  e x t r a c t a n t .  Only 
the l i g h t e r  rare e a r t h s  and y t t r i u m  are p r e s e n t ,  There  is no  
g r e a t  l o c a l i z a t i o n  of  a c t i v i t y  as i n  t h e  case of i o n  exchange ,  
b u t  e f f l u e n t  c o n c e n t r a t i o n s  and f low rates may be h i g h e r .  
E x t r a c t e d  v a l u e s  may be s t r i p p e d  from the  TBP by d i l u t e  n i t r i c  
acid, and  a l l  aqueous n i t r a t e  s o l u t i o n s  may be c o n c e n t r a t e d  t o  
any d e s i r e d  d e g r e e  by e v a p o r a t i o n .  

The pu rpose  of  t h i s  i n v e s t i g a t i o n  w a s  n o t  t o  d e m o n s t r a t e  
t h e  e f f i c i e n c y  of any g i v e n  c o n t a c t i n g  d e v i c e  b u t  t o  d e t e r m i n e  
whether  t h e  s e p a r a t i o n  factors i n d i c a t e d  by s i n g l e - s t a g e  d i s -  
t r i b u t i o n  data can  be ex tended  t o  a m u l t i s t a g e  s y s t e m ,  and t o  
o b t a i n  some i n f o r m a t i o n  on t h e  l i m i t a t i o n s  on c c n c e n t r a t i o n s  , 
and c o n s e q u e n t l y  on t h r o u g h p u t  c a p a c i t y ,  and on n e c e s s a r y  
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r a t i o s  of s t r i p p i n g  s o l u t i o n s  t o  o r g a n i c  f l o w .  The most 
l i k e l y  h i n d r a n c e  So f u l l  e f f i c i e n c y  i n  t h e  s e p a r a t i o n  c a s c a d e  
would be e x c e s s i v e  b u i l d u p  o f  c o n c e n t r a t i o n  around t h e  f e e d  
p o i n t  from i n t e r n a l  ref l u x ,  The a t t a i n m e n t  of  t h e o r e t i c a l  
s e p a r a t i o n  i n  a n  expe r imen t  would i n d i c a t e  comple te  e f f i -  
c i e n c y  of  a l l  s t a g e s  i n  the s e p a r a t i o n  d e v i c e  and conf i rm t h e  
souiidness of t h e  p r e d i c t i o n s  from s i n g l e - s t a g e  d a t a .  These 
a i m s  were realized o r  c l o s e l y  approached  i n  s e v e r a l  e x p e r i -  
ments .  Though e f f e c t i v e  s e p a r a t i o n s  were accomplished w i t h  
feed flows up t o  o n e - f i f t h  of t h e  t o t a l  aqueous f low and w i t h  
c o n c e n t r a t i o n s  up t o  2 . 5  g / l i t e r ,  t h e  s l i g h t  b u i l d u p  of con- 
c e n t r a t i o n  a round t h e  f e e d  p o i n t  i n d i c a t e s  t h e  a d v i s a b i l i t y  
o f  l i m i t i n g  f e e d  f lows  t o  5% o f  t h e  t o t a l  aqueous flow and 
aqueous c o n c e n t r a t i o n s  i n  t h e  c a s c a d e  t o  1 g / l i t e r .  This is 
a d e q u a t e  f o r  s e p a r a t i o n  o f  l a r g e  q u a n t i t i e s  o f  promethium i n  
r e a s o n a b l y  small equipment  ~ 

D i s e r i b u x i o n  of e l e m e n t s  andl s e p a r a t i o n  between them i n  
a l i q u i d - l i q u i d  e x t r a c t i o n  sya-bem are governed by s i m p l e  
a r i t h m e t i c d l  reha%ions. The distribution c o e f f i c i e n t ,  E g ,  of 
a g i v e n  clement is ths r a t i o  of its c o n c e n t r a t i o n  i n  She 
o r g a n i c  p h a s s  to $ h a t  i n  t h e  aqueous phase  a t  e q u i l i b r i u m ,  
The s e p a r a t i o n  f a c t o r  be tween t w o  e1emenk;s, C Y ,  i n  a g i v e n  
s y s t e m  is the  r a t i o  of t h e i r  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 . e . ,  
@'p ,2  = E l / E 2 .  I n  a s i n g l e - s t a g e  d i s t r i b u t i o n  of a n  element, 
Sh5 r a t i o  o f  q u a n t i t i e s  i n  the two phases is t h e  p r o d u c t  of 
the d i s t r i b u t i o n  c o e f f i c i e n t  and t h e  -6.atio of o r g a n i c  and 
aqueous volunaes; i , e , ,  E; x v,/v,. ~n a m u l k i s t a g e  c o u a t e r -  
c u r r e n t  system w i t h  c o n t i n u o u s  feed a t  an i n t e r m e d i a t e  s t a g e  
and takeoff a% both ends,  a n  e l emen t  tends  $0 appea r  p r e f e r -  
e n t i a l l y  i n  t h e  organic e f f l u e n t  when'E2 Vo/$Va is g r e a t e r  
t h a n  u n i t y ,  b u t  i n  t h e  aqueous e f f l u e n t ,  o r  r a f f i n a t e ,  when 
this p r o d u c t  is lass  t h a n  u n i t y .  I n  a c o n t i n u o u s  sys;%ew t h e  
V ' s  r e p r e s e n t  f l ow rates r a t h e r  than  volumes S e p a r a t i o n  
between a p a i r  o f  e l e b e n t s  can  be o b t a i n e d  by a d j u s t i n g  Vo/Va 
so t h a t  So, Vo/Ka is g r e a t e r  t h a n  u n i t y  for one e l emen t  and 
less t h a n  u n i t y  f o r  the o t h e r .  'The elements w i l l  be d i s t r i b u -  
t ed  s y m m e t r i c a l l y  i n  She cascade and their r a t i o s  i n  t h e  
e f f l u e n t s  w i l l  be r e c i p r o c a l s  i f  V a / V o  = ( E l / E 2 )  'I2 and t h e  
f e e d  p o i n t  is i n  the c e n t e r  s t a g e .  

I n  d e v i s i n g  a f lowsheek f o r  t h i s  systemB, t h e  a i m  h a s  
been t o  m a i n t a i n  t h i s  a r i t h m e t i c a l  r e l a t i o n  r e g a r d l e s s  o f  t h e  
p o s i t i o n  of  t h e  f e e d  p o i n t .  The d i s t r i b u t i o n  of  t h e  two 
e l e m e n t s  a t  e q u i l i b r i u m  w i l l  t e n d  t o  be s y m m e t r i c a l  abou t  t h e  
feed p o i n t ,  h u t  the r a t i o s  of t h e  t w o  e l e m e n t s  i n  each 
t e r m i n a l  s tage w i l l  depend on t h e  number OP stages: from t h e  
feed p o i n t  t o  t h i s  s t a g e .  The i n t r o d u c t i o n  of a f e e d  r e s u l t s  
i n  d i f f e r e n t  f l ow r a t i o s ,  o r  o p e r a t i n g  l i n e s ,  i n  t h e  two parts 
of  the c a s c a d e ,  I n  t h e  p r e s e n t  case9 compensat ion c a n  be pro-  
v i d e d  by i n c r e a s i n g  t h e  a c i d i t y  o f  t h e  l a r g e r  aqueous f low by 
i n t r o d u c i n g  t h e  f e e d  a t  a h i g h e r  a c i d i t y .  T h i s  a l s o  r e s u l t s  
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i n  s l i g h t l y  d i f f e r e n t  e q u i l i b r i u m  l i n e s  a n  e i ther  side of t h e  
feed p o i n t .  T h i s  s m a l l  e f fect  is n e g l e c t e d  i n  the c a l c u l a -  
t i o n s  which f o l l o w .  

I n  a c o n t i n u o u s l y  producing  cascade  with ~ C J  e e r n a l  

total reflux i t  would be on9 b u t  there would be no p r o d u c t i o n .  
T h i s  s e p a r a t i v e  power may be d i s t r i b u t e d  to t h e  advantage  of 
p u r i t y  or y i e l d  of e i ther  e lement  by s h i f t i n g  t h e  feed p o i n t .  

r e f l u x ,  a t o t a l  s e p a r a t i v e  power of n s t a g e s  is an 72 e With 

One method of  d e t e r m i n i n g  t h e  l o c a t i o n  of a feed p o i n t  
t h a t  w i l l  g ive  a specified y i e l d  of one element w i t h  a s p e c i -  
f i e d ' l i m i t  on c o n t a m i n a t i o n  by another  is t h e  u s e  of McCabe- 
T h i e l e  dizzrrwns. It is n e c e s s a r y  t o  have s u f f i c i e n t  s e p a r a -  
t i v e  power i n  t h e  cascade and t o  know the e x t r a c t i o n  coeff i -  
c i e n t s  of t h e  two e l e n e n t s .  

F i g u r e s  18  and 11 are MeCabe-Thiele diagrams by which 
the propep  feed p o i n t  is determined f o r  a 90% y i e l d  of 
pxwmethium w i t h  decon tamina t ion  from neodymium by a f a c t o r  of 
5 0 ,  With a s i n g l e - s t a g e  s e p a r a t i o n  f a c t o r  o f  1 , 8 5 ,  t h i s  
s e p a r a t i o n  c a n  b a r e l y  be accomplished w i t h  20  stages, 
F i g u r e  l o  is t h e  diagram for t h e  promethium y i e l d ,  The slope 
of the promethium equ i l ib r i t - rn  P ine  (E.Le) is 8 . 8 2 ,  Since t he  
d i s t r i b u t i o n  c o e f f i c i e n t  of neodymium is 0 .43 ,  the ideal 
operating l i n e  (0,L. 1 is (0 ,82xO. 431 = 8,59. Assuming a 
feed f l o w  sf 0 .05  t i m e s  t h e  t o t a l  aqueous flow below the feed 
p o i n t ,  the slope of t h e  o p e r a t i n g  l i n e  above t h e  feed p o i n t  
4s O , S b ,  The r a t i o  of prome?thium i n  t he  e x t r a c t  t o  t h a t  i n  
%he s a f f i n a t e  is 9/1.  The g r a p h i c a l  s o l u t i o n  shows t h a t  8 
stages or s l i g h t l y  more below t h e  feed p o i n t  are r e q u i r e d  for 
90Yo promethium recovery. 

F i g u r e  11 is a g r a p h i c a l  d e t e r m i n a t i o n  of the number of 
s t a g e s  r e q u i r e d  $0 reduce  t h e  neod ium e o n t e n t  by a f a c t o r  
of 50. The s l o p e  o f  t h e  neodymium e q u i l i b r i u m  l i n e  is 8 . 4 3  
and t h e  o p e r a t i n g  l i n e s  are &he same as above. The g raph  
shows t h a t  11 §%ages are r e q u i r e d  above t h e  feed p o i n t .  The 
r e q u i r e d  feed p o i n t  f o r  a y i e l d  of 90% promethium w i t h  a 5O/l 
decon tamina t ion  f r o m  neodymium is i n  the n i n t h  s k a g e .  There 
are b a r e l y  11 stages l e f t  out of  a t o t a l  of 20. T h i s  a g r e e s  
with the  fact  t h a t  an overall se a r a t i o n  factor of 450 is 
r e q u i r e d  and 2 8  s t a g e s  g i v e  1 . 9 1 g  or -600. 

When t h e  r e q u i r e d  o v e r a l l  s e p a r a t i o n  f a c t o r  is very 
large, one o r  b o t h  of t h e  diagrams w i l l  be d i f f i c u l t  t o  r e a d  
unless drawn on a large scale. Then a second method of  deter- 
mining  t h e  f e e d  p o i n t  may be more c o n v e n i e n t .  The p o i n t  may 
be c a l c u l a t e d  as it h a s  been done by Bened ic t  and P i g f o r d ?  
f o r  hafnium-zirconium s e p a r a t i o n s .  For 95% yield sf prome- 
thium? w i t h  decon tamina t ion  f r o m  samarium by a f a c t o r  of 2 0 0 ,  
from a promethium-samarium m i x t u r e  c o n t a i n i n g  34% promethium 
and 61.5% s a m a r i u m ,  the solution is as fo l lows:  
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ORNL-LR-DWG 42841 

PROMETHIUM I N  AQUEOUS 

Fig. 10. Determination o f  feed point for 90% y ie ld  o f  promethium. Arbitrary 
concentration units. 

NEODYMIUM I N  AQUEOUS 
Fig. 11. Determination o f  feed point for 98% removal o f  neodymium from promethium. Arbitrary 

concentration units. 
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The promethium and samar ium e x t r a c t i o n  c o e f f i c i e n t s  are 
8 , 8 2  and 1 .55 .  With a feed volume e q u a l  t o  5% of t h e  t o t a l  
aqueous f low,  t h e  o p e r a t i n g  l i n e s  are 1 . 0 7  and 1 . 1 3  above and 
below t h e  f e e d  p o i n t .  For t h e  c a l c u l a t i o n ,  t h e  more e x t r a c t -  
able e l e m e n t ,  samarium, is rega rded  as t h e  e l emen t  t o  be 
r ecove red .  While all t h e  stages behave e s s e n t i a l l y  t h e  same 
i n  accompl i sh ing  s e p a r a t i o n s ,  t h e  s t a g e s  from t h e  feed p o i n t  
t o  t h e  aqueous e x i t  are d e s i g n a t e d  as t h e  e x t r a c t i o n  s e c t i o n ,  
and t h o s e  between t h e  f e e d  p o i n t  and t h e  o r g a n i c  exit as t h e  
s c r u b b i n g  s e c t i o n ,  Given and d e r i v e d :  

Dsm = E 2  for Sm E 1,55 

Dpm = E: f o r  Pm = 0 . 8 2  
Aqueous f l o w ,  s = 1 . 9  l i t e r s / h r  
Feed f l o w ,  F = 8 . 1  l i t e r h r ,  c o n t a i n i n g  4 .0  g RE'S 
Organic  f low,  E = 1 . 7 7  l i t e r s / h r  
Aqueous feed c o n c e n t r a t i o n ;  

Samarium, xSm = 4 0 ~ 0 , 6 1 5  = 2 4 . 6  

Promethium, xpm = 40~0.34 = 13.6 F 

Solvent  feed c o n c e n t r a t i o n :  
Samarium, y ~ ~ , ~  E = 0 

Promethium, ypm,o E = 0 

S F Samarium ~ " e c o v e r y ,  p = EySm,l/F~Sm = 0.995 

/YS m , l  = 1 9  
X i m / X L  

S 

Promethiurn decon tamina t ion  f a c t o r ,  f = ' s m , l  

Flow r a t i o s ,  S / E  = 1 . 0 7  
E / ( F  i- S) = 0 . 8 8 5  

F/E = 0 . 0 5 6  

Number of s t a g e s :  E x t r a c t i n g ,  N 
Scrubb ing ,  M 

C o n c e n t r a t i o n s  i n  o r g a n i c  e x t r a c t :  
F 

= PFXSm - - 0 . 9 9 5 ~ 0 . 0 5 6 ~ 2 4 . 6  = 1.38 S 
E Samarium : ySm, 

C o n c e n t r a t i o n s  i n  aqueous r e s i d u e  (by material b a l a n c e ) :  
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0.005xO.lx24.6 F 
- - = 0.00615 

- (1-p )FXZr 
- E Samarium: xSm , 

S + F  2 . 0  

0 1 ~ 1 3 . 6 - 1  7 7x0 40 - - FxL-EySpmJ = = 0.65  E Promethium: x I . ,  
S + F  2 . 0  

E x t r a c t i o n  F a c t o r s :  
Samarium: 

DsmE - 1 . 5 5 ~ 1 . 7 7  = 1.38 
S+F 2 , o  

E x t r a c t i n g :  - - 

= 1 . 4 5  
DSmE - 1 . 5 5 ~ 1 .  77 

- Scrubbing:  - 
S 1 . 9  

Promethium: 

= 0 . '7 3 
Dpn,E - 0 . 8 2 ~ 1 . 7 7  

S+F 2 . 0  
E x t r a c t i n g :  - - 

D-]E 0 . 8 2 ~ 1  77  
= 0.77  - - Scrubbing:  - S 1 . 9  

S o l v i n g  for samarium i n  t h e  e q u a t i o n ,  

M+ 1 (1 .  38)N-,1 
- x 1 . 3 8  = __ x 1.55x0.00615 (0 .69 )  

1 . 3 8  -~ 1 

- 4.45(0.651)~+'  + 4.45 = 0.0263(1.38)N - 0.0263 

0.69 - 1 

N e g l e c t i n g  (0.69)M+1, a s m a l l  v a l u e ,  

( 1 . 3 $ ) N  = 170 

N =  1 n  1 7 0  = 1 5 . 9  s t a g e s  
I n  1 . 3 8  

S o l v i n g  f o r  promethium, 

(1 .  30)M+1-1 x 0 . 0 4  = (o'73)N-1 x 0 . 8 2 ~ 0 . 6 5  
1 - 3 0  - 1 0 . 7 3  - 1 
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0 , 1 3 3  ( 1  301 M*l - 0 , 1 3 3  = -1 .97 (0 .73 )  N + 1 . 9 7  

(1,30) M+l = 1 5 . 8  

The c a l c u l a t i o n  i n d i c a t e s  t h a t  1 6  e x t r a c t i n g  s t a g e s  and 
1 0  s c r u b b i n g  stages are r e q u i r e d .  The c a l c u l a t e d  s e p a r a t i o n  
fac tor  for  26  s t a g e s  is 1 ,926 /2  = 4200. 
f a c t o r  from y i e l d  and  d e c o n t a m i n a t i o n  f a c t o r s  is 19x200 = 
3800. T h i s  is a close check .  In  a s e p a r a t i o n s  cascade w i t h  
3 4  stages t h e r e  a m  several s t a g e s  l e f t  f o r  o b t a i n i n g  a h i g h e r  
y i e l d  of promethium and /o r  a h i g h e r  d e g r e e  of s e p a r a t i o n  from 
samarium. 

The c a l c u l a t e d  

The promethium co:i-B;ent of a m i x t u r e  of cer ium-f  ree 
f i s s i o n  product rare o a r t h s  w i l l  be n o t  more t h a n  about 676, 
d e c r e a s i n g  on a g i n g  w i t h  a 2-5-year h a l f - l i f e .  Any e x t r a c -  
t i o n  p r o c e s s  f o r  its p u r i f i c a t i o n  c o n s i s t s  of two c y c l e s ,  
t h e  f i r s t  of which rsdaaees t h e  b u l k  by a f a c t o r  of a b o u t  10 .  
H o w ~ v ~ ~ ,  t h e  volume of t h e  o r g a n i c  stream c a r r y i n g  t h e  
promethium may approach  50  t i m e s  the feed volumep or 500 
t i m e s  the f e e d  volume of a second  cycle w i t h  t h e  same f e e d  
c o n c e n t r a t i o n .  Rsdue t ion  of volume f o r  feed t o  the second 
c y c l e  is accompl i shed  m ~ ~ t l g r  by e v a p o r a t i o n ,  b u t  t h e  n e c e s s a r y  
c a p a c i t y  of t h e  e v a p o r a t o r  is d e t e r m i n e d  by t h e  volume 
r e d u c t i o n  o b t a i n a b l e  in s t r i p p i n g  the promethium from t h e  
f i r s t - c y c l e  organic., stream. S u c c e s s f u l  s t r i p p i n g  w a s  o b t a i n e d  
w i t h  a volume r e d u c t i o n  of 4 ,  b u t  t h e  approach  t o  1 8  N HN03 
i n  t h e  f i n a l  s t a g s  of t h e  s t r i p p i n g  sec t ion  (F ig .  8) Z n d i e a t e s  
t h e  a d v i s a b i l i t y  of l i m i t i n g  the organ ic / aqueous  f l o w  r a t i o  
t o  3 i n  t h e  s t r i p p i n g  s e c t i o n  o f  a p r o d u c t i o n  f l o w s h e e t .  
T h i s  would m a i n t a i n  t h e  a c i d i t y  i n  a l l  s t r i p p i n g  s t a g e s  i n  
t h e  most favorable  r ange .  S t r i p p i n g  s o l u t i o n s  of a t  least 
2 N HN03 are p r e f e r r e d  t o  water because of t h e i r  h i g h e r  
d e % i t y  and  h i g h e r  s t r i p p i n g  c o e f f i c i e n t s .  
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