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ABSTRACT 

Recovery o f  Thorium (and  Uranium) from G r a n i t i c  Rock 

Recovery o f  t ho r ium by a c i d  l e a c h i n g  t e n  a d d i t i o n a l  g r a n i t e  
s a m p l e s  (36-82 pgm t h o r i u m )  from t h e  Conway f o r m a t i o n  i n  N e w  
Hampshire  r a n g e d  from a b o u t  50 t o  857'0, and  a v e r a g e d  a b o u t  70%. 
S t u d y  o f  t h e  e . f f e c t  o f  g r i n d  s i z e  on  t h e  r e c o v e r y  o f  t h o r i u m  from 
Conway and  P i k e s  Peak g r a n i t e s  showed no s i g n i f i c a n t  d i f f e r e n c e s  
i n  t h e  r a n g e  minus 20 t o  minus  200 mesh. The tho r ium concen-  
t r a t i o n  i n  a s i z e d  Conway g r a n i t e  s ample  w a s  found  t o  b e  much 
g r e a t e r  i n  t h e  f i n e  t h a n  i n  t h e  c o a r s e  f r a c t i o n s ,  whereas  P i k e s  
Peak g r a n i t e  showed o n l y  s l i g h t  t ho r ium e n r i c h m e n t  i n  t h e  f i n e 3  
f r a c t i o n s  . Uranium r e c o v e r i e s  i n  a c i d  l e a c h i n g  o f  f o u r  d i f f e r e n t  
g r a n i t e  s a m p l e s  were n o t  improved by a d d i n g  a n  o x i d a n t .  

C o l l e c t i o n  and  A n a l y s i s  o f  G r a n i t e  Samples  

R i c e  U n i v e r s i t y  (unde r  ORNL s u b c o n t r a c t )  h a s  made a f i e l d  
s u r v e y  o f  t h e  Conway g r a n i t e  f o r m a t i o n s  i n  New Hampshi re .  Over 
500 f i e l d  s p e c t r o r a d i o m e t r i c  d e t e r m i n a t i o n s  were made o n  a n  
e x t e n s i v e  p o r t i o n  o f  t h e  400 s q u a r e  m i l e s  o f  o u t c r o p  area w i t h  a 
p o r t a b l e ,  s i n g l e - c h a n n e l ,  t r a n s i s t o r i z e d ,  gamma-ray p u l s e  h e i g h t  
a n a l y z e r .  P r e l i m i n a r y  a n a l y s i s  o f  t h e  d a t a  i n d i c a t e s  t h a t  t h e  
a c c e s s i b l e  s u r f a c e  o f  t h e  Conway g r a n i t e  a v e r a g e s  a t  leas t  40 ppm 
t h o r i u m .  

C o l l e c t i o n  and A n a l y s i s  o f  L a t e r i t i c  S o i l s  

The t h o r i u m  c o n c e n t r a t i o n  r a n g e d  5-16 ppm i n  twenty- two 
s a m p l e s  o f  s u b - l a t e r i t i c  s o i l  from M i s s i s s i p p i ,  Alabama, G e o r g i a ,  
and  V i r g i n i a .  

F i n a l  C y c l e  P lu ton ium Recovery by Amine E x t r a c t i o n  

I n  c o n t i n u e d  b a t c h  c o u n t e r c u r r e n t  t e s t i n g  w i t h  s i m u l a t e d  
P u r e x  1BP s o l u t i o n  o f  t h e  p roposed  c h e m i c a l  f l o w s h e e t  f o r  f i n a l  
c y c l e  p lu ton ium r e c o v e r y  by amine e x t r a c t i o n ,  t h e  e x t r a c t i o n  
p r o f i l e  w i t h  t h e  amine (TLA) c o n c e n t r a t i o n  d e c r e a s e d  from 0 . 3  t o  
0 .15  a g a i n  c o n f i r m e d  t h e  p r e d i c t e d  e x t r a c t i o n  i s o t h e r m .  The 
p r o d u c t  s o l u t i o n  c o n t a i n e d  23 g  P u / l i t e r  (nominal  x2O concen-  
t r a t i o n  f a c t o r ) ,  and  t h e  s t r i p p e d  o r g a n i c  and  t h e  r a f f i n a t e  
c o n t a i n e d ,  r e s p . ,  0 . 0 0 1  and  ~ 0 . 0 0 2  g / l i t e r .  

E x t r a c t i o n  and S e p a r a t i o n  o f  Zi rconium and  Hafnium 

R e s u l t s  are summarized f o r  t e s t s  on  t h e  e x t r a c t i o n  and  s e p a r a -  
t i o n  o f  z i r c o n i u m  and  hafnium w i t h  amines  a n d  o r g a n o p h o s p h o r u s  
es ters  and  a c i d s .  A l l  t h r e e  e x t r a c t a n t  classes showed some p r o m i s e  
b u t  t h e  s t u d i e s  w e r e  n o t  s u f f i c i e n t l y  e x t e n s i v e  t o  d e f i n e  c o m p l e t e  
p r o c e s s e s .  



S e p a r a t i o n  of  R a r e  E a r t h s  and  T r a n s p l u t o n i u m s  

E x t r a c t i o n  o f  a l l  l a n t h a n i d e s  from c o n c e n t r a t e d  L i C l  and 
mixed LiC1-AlC1, s o l u t i o n s  by v a r i o u s  t e r t i a r y  amines  was g r e a t e r  
t h a n  t h a t  o f  y t t r i u m .  Orde r  o f  e x t r a c t a b i l i t y  and  d i f f e r e n c e s  
f rom y t t r i u m  v a r i e d  w i t h  c o m p o s i t i o n  of b o t h  o r g a n i c  and aqueous  
s o l u t i o n s .  Scandium v a r i e d  w i d e l y  i n  e x t r a c t a b i l i t y  w i t h  s o l u -  
t i o n  c o m p o s i t i o n , b e i n g  similar  t o  europium u n d e r  some c o n d i t i o n s  
and  t o  americium u n d e r  o t h e r s .  Amine e x t r a c t i o n s  of  rare e a r t h s  
from t h i o c y a n a t e  s o l u t i o n s  w e r e  v e r y  small. 

E x t r a c t i o n  o f  N i t r i c  Acid and I r o n  S u l f a t e  from Purex  1 W W  S o l u t i o n  

Approximate ly  90% of  t h e  n i t r a t e  and i r o n  and a m a j o r  p o r t i o n  
o f  t h e  s u l f a t e  were e x t r a c t e d  from s y n t h e t i c  P u r e x  1 W W  s o l u t i o n  
w i t h  a p r i m a r y  amine.  T h i s  t r e a t m e n t  p r o d u c e s  a s o l u t i o n  o f  low 
s a l t  c o n t e n t  which is h i g h l y  amenable  t o  s o l v e n t  e x t r a c t i o n  
r e c o v e r y  of  s t r o n t i u m  and  p o s s i b l y  ces ium.  
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5 . 0  R e f e r e n c e s  



1 . 0  PROCESS CHEMISTRY OF URANIUM AND THORIUM 

1.1 Recovery of  Thorium (and Uranium) from G r a n i t i c  Rock 

(D. J. C r o u s e ,  F. J .  H u r s t )  

A s  d e s c r i b e d  p r e v i o u s l y ,  g r a n i t i c  r o c k  is b e i n g  s t u d i e d  
as an  i m p o r t a n t ,  l ong- range  t h o r i u m  r e s e r v e  f o r  t h e  n u c l e a r  
power i n d u s t r y .  Recen t  e f f o r t  h a s  emphas ized  t h e  Conway g r a n i t e  
o f  N e w  Hampshire s i n c e  t h i s  s o u r c e  r e p r e s e n t s  a v e r y  l a r g e  r e s e r v e  
which  is r e l a t i v e l y  r i c h  i n  tho r ium and  which is amenable  t o  
p r o c e s s i n g .  Approximate ly  400 s q  m i  o f  N e w  Hampshire h a s  o u t -  
c r o p p i n g s  o f  Conway g r a n i t e .  T h i s  material is a c o a r s e - g r a i n e d  
a l k a l i  g r a n i t e  c o n s i s t i n g  o f  a p p r o x i m a t e l y  e q u a l  amounts  o f  q u a r t z ,  
p o t a s s i u m  f e l d s p a r  and p l a g i o c l a s e .  Minor p o r t i o n s  (5-1070 o f  
mapped o u t c r o p  area c o n s i s t  o f  f i n e r  g r a i n e d  material p r o b a b l y  i n  
t h e  form o f  t a b u l a r  z o n e s  o r  d i k e s ,  which  g e n e r a l l y  is somewhat 
l ess  r i c h  i n  tho r ium and uranium t h a n  t h e  main body. 

1.1.1 Leach ing  o f  Conway a n d  White  Mountain G r a n i t e  Samples .  
The two s a m p l e s  o f  Conway g r a n i t e  (GA-3 and  GF) s t u d i e d  p r e v i o u s l y  
were b o t h  from t h e  Reds tone  Quar ry  a t  Conway, N.  H. They c o n t a i n e d  
-70 pprn tho r ium and gave  good r e c o v e r i e s  (-80%) i n  a c i d  l e a c h i n g .  
A number o f  new Conway s a m p l e s ,  o b t a i n e d  from w i d e l y  s c a t t e r e d  
l o c a t i o n s ,  have  been  g e n e r a l l y  lower  i n  thor ium c o n t e n t  b u t  have  
a l s o  shown f a v o r a b l e  r e s p o n s e  t o  a c i d  l e a c h i n g  ( T a b l e  1 ) .  The 
tho r ium c o n c e n t r a t i o n  i n  t h e  t e n  new s a m p l e s  r a n g e d  from 36 t o  82 
ppm, a v e r a g i n g  56 pprn w h i l e  t h e  uran ium c o n c e n t r a t i o n  r a n g e d  from 
6  t o  1 9  ppm, a v e r a g i n g  11 ppm. Leach ing  f o r  6  h r s  a t  R.T. w i t h  
2  N H2S04 (130 l b s  H2S04 / ton  o f  g r a n i t e )  d i s s o l v e d  49-8570 o f  t h e  
tho r ium and 26-73% o f  t h e  uran ium;  a v e r a g e  r e c o v e r i e s  o f  t h o r i u m  
and  uranium w e r e  69% and 5370 r e s p e c t i v e l y .  The a v e r a g e  a c i d  
consumpt ion  i n  l e a c h i n g  w a s  80 l b s  H2S04 p e r  t o n  o f  g r a n i t e .  

Nine s a m p l e s  o f  r o c k  from t h e  White  Mountain Magma S e r i e s ,  
which were t a k e n  i n  t h e  v i c i n i t y  o f  t h e  Conway g r a n i t e  f o r m a t i o n s  
and  which r e p r e s e n t  less i m p o r t a n t  t e x t u r a l  and m i n e r a l o g i c a l  
v a r i a n t s  (monzoni te  , g r a n o d i o r i t e  , s y e n i t e ,  e t c .  ) were a l s o  
s t u d i e d  b r i e f l y .  These  s a m p l e s  c o n t a i n e d  1 5  t o  73 pprn ( a v e r a g i n g  
33 ppm) tho r ium and 2-9 pprn uranium.  R e c o v e r i e s  i n  l e a c h i n g  
(Tab le  2 )  v a r i e d  o v e r  a r e l a t i v e l y  wide  r a n g e ,  b e i n g  50-8070 f o r  
f i v e  o f  t h e  s a m p l e s  b u t  o n l y  25-40% f o r  t h e  o t h e r  f o u r .  

I t  s h o u l d  b e  n o t e d  ( T a b l e s  1 and 2 )  t h a t  t h e  t o t a l  t h o r i u m  
a c c o u n t e d  f o r  i n  t h e  above  tests by w e t  c h e m i c a l  a n a l y s i s  w a s  
o f t e n  i n  p o o r  ag reemen t  w i t h  t h e  amount i n d i c a t e d  t o  b e  p r e s e n t  
from a n a l y s i s  o f  t h e  head  sample  by t h e  gamma s p e c t r o m e t r i c  
method.  Many o f  t h e  material b a l a n c e  f i g u r e s  c a l c u l a t e d  on t h i s  
b a s i s  were c o n s i d e r a b l y  o u t s i d e  t h e  e x t r e m i t i e s  o f  t h e  e x p e c t e d  
100*15% r a n g e .  Wet c h e m i c a l  a n a l y s e s  o f  t h e  head  s a m p l e s  have  
a l s o  shown c o n s i s t e n t l y  lower  tho r ium t h a n  t h e  R i c e  gamma-spectro- 
metric measurements .  I n  c o n t r a s t ,  gamma s p e c t r o m e t r i c  d e t e r m i -  
n a t i o n s  a t  R i c e  a n d  ORNL have  shown e x c e l l e n t  a g r e e m e n t .  A t t empt s  
a r e  b e i n g  made t o  r e s o l v e  t h e  d i f f e r e n c e s  be tween t h e  two methods  
o f  a n a l y s i s .  



T a b l e  1. L e a c h i n g  o f  Conway G r a n i t e  

C o n d i t i o n s :  P u l v e r i z e d  o r e ;  6 h r  l e a c h  @ R.T. w i t h  2 N H2S04,  60% p u l p  d e n s i t y  
(130 l b  o f  H2S04 p e r  t o n  o f  o r e )  

Thorium 
a 

Head A n a l y s i s ,  ppm Recovery ,  % Material Acid  
Sample  No. Sample L o c a t i o n  Th U Th U ~ a l a n c e  , 70 Consumption 

MCK-118-C-25 M t .  Ascu tney ,  V t .  3 6 6 . 4  8 0 4 9 9 2 5 5 

MCK-12-C-2 B i r c h  H i l l  QuArry,  Nor th  Conway 46 10  8 5 6 1 8 7 7 7 
q u a d r a n g l e  

MCK-17C-C-6 N o r t h  Conway quad.  4 7 1 3  49 2 6 7 7 8 9 

MCK-19-C-8 Crawford  Notch  quad.  48 1 2  5 3 3 9 8 0 10  7 

MCK-103-C-20 M t .  Chocorua  quad.  5 1 7 . 8  8 1  6 9 98 8 6 

MCK-56-C-19 Plymouth quad.  ( f  i n e - g r a i n e d )  5 4 1 2  8 0 7 3 7 8 90 

MCK-11-C-1 C a t h e d r a l  Ledges ,  Nor th  Conway quad.  5 6 6 . 9  5 9 5 1 8 2 7 2 

MCK-55-C-18 Plymouth quad.  ( c o a r s e - g r a i n e d )  6 4 1 2  80 60 6 6 7 2 

MCK-27-C-13 F r a n c o n i a  quad.  7 6 1 4  5 1 5 0 70 7 9 

MCK-13-C-3 Reds tone  Q u a r r y ,  Nor th  Conway quad.  8 2 1 9  7 6 48 8 5 8 8 

GA- 3 Reds tone  Q u a r r y ,  Nor th  Conway quad.  7 2 1 4  8 2 6 7 8 7 5 1 

GF Reds tone  Q u a r r y ,  Nor th  Conway quad.  7 1 1 6  8 2 6 9 96 6 5 

aSy gamma s p e c t r o m e t r i c  method a t  R i c e  U n i v e r s i t y .  

b ~ a s e d  o n  t o t a l  found  by wet c h e m i c a l  a n a l y s i s  i n  t h e  l e a c h  s o l u t i o n  and  r e s i d u e .  
C Based  on t o t a l  found  by wet  c h e m i c a l  a n a l y s i s  compared t o  t h e  h e a d  a n a l y s i s  by t h e  gamma s p e c t r o m e t r i c  method.  

d l b s  H2S0, p e r  t o n  o f  g r a n i t e .  



T a b l e  2. Leaching of M i s c e l l a n e o u s  Rocks from t h e  White Mountain Magma S e r i e s  

C o n d i t i o n s :  p u l v e r i z e d  o r e ;  6 h r  l e a c h  @ R.T. w i t h  2 N H,SO, , 60% p u l p  d e n s i t y  (130 l b s  
H,SO, p e r  t o n  of o r e )  

Head ~ n a l y s i s , ~  ppm Recovery O/o M a t e r i a l  Acid 
Sample No. D e s c r i p t i o n  Th ~ a l a n c e , ~  % Consumption 

MCK-117-C-24 Hornblende  b i o t l t e  monzoni te ;  M t .  
Ascutney,  V t .  

MCK-106-C-21 S y e n i t e  (?); Percy quadrang le  

MCK-18-C-7 A p l i t i c  g r a n i t e ;  Nor th  Conway quad. 

MCK-3-B-3 B r e c c i a  g r a n o d i o r i t e ;  Winnepesaukee quad. 2 8 4 .9  31 11 7 9 8 6 

MCK-14A-C-4 Green g r a n i t e ;  Redstone Quar ry ,  Nor th  3 4 9 . 1  5 3 4 3 88 85 
Conway quad.  

MCK-20-C-9 Q u a r t z  s y e n i t e - g r a n i t e ;  Crawford Notch 3 5 9 . 3  7 0 42 86 1 0 3  
quad.  

MCK-21-C-10 S y e n i t e ;  Crawford Notch quad. 2 3 3.6 2 7 29 8 3 12  6 

MCK-14B-C-5 M t .  Oceo la  ( 7 )  g r e e n  g r a n i t e ;  Nor th  41 7 .9  6 1 5 2 8 1 9 1 
Conway quad. 

MCK-17F-C-6 A p l i t i c  r o c k  i n  Conway g r a n i t e  ; Nor th  
Conway quad. 

gamma s p e c t r o m e t r i c  method a t  R i c e  U n i v e r s i t y .  

b ~ a s e d  on t o t a l  found by w e t  chemical  a n a l y s i s .  

'Based on  t o t a l  found by w e t  chemica l  a n a l y s i s  compared t o  t h e  head a n a l y s i s  by gamma s p e c t r o m e t r i c  method. 

d l b s  H,SO, p e r  t o n  o f  g r a n i t e .  



1 . 1 . 2  E f f e c t  o f  O r e  P a r t i c l e  S i z e  on L e a c h a b i l i t y  o f  
Conway and  P i k e s  Peak G r a n i t e s .  Most e a r l i e r 1  g r a n i t e  l e a c h i n g  
tests were made on  -48 mesh material s i n c e  p e t r o g r a p h i c  exami-  
n a t i o n  o f  t h e  s a m p l e s  had i n d i c a t e d  t h a t  good l i b e r a t i o n  of  t h e  
m i n e r a l s  was o b t a i n e d  by g r i n d i n g  t o  t h i s  mesh s i z e .  S u b s e q u e n t l y ,  
i t  w a s  shown w i t h  s e v e n  d i f f e r e n t  s a m p l e s  t h a t  g r i n d i n g  t o  -200 
mesh d i d  n o t  improve r e c o v e r i e s .  Recent  tests w i t h  P i k e s  Peak and 
Conway g r a n i t e  s a m p l e s  have  shown t h a t  g r i n d s  much c o a r s e r  t h a n  
-48 mesh a p p a r e n t l y  c a n  be t o l e r a t e d  w i t h o u t  l o s s  o f  l e a c h i n g  
e f f i c i e n c y .  

The Conway and  P i k e s  Peak s a m p l e s  were s t a g e - g r o u n d  t o  -20,  
-28,  -35,  -48 ,  and  -200 mesh and  l e a c h e d  a t  50 and  6070 p u l p  d e n s i t y  
w i t h  2  M H,S04 a t  ROT.  The t e s t  r e s u l t s  (Tab le  3 )  show no c o n s i s t -  
e n t  s i g n i f i c a n t  variation i n  tho r ium and uranium r e c o v e r i e s  w i t h  
change  i n  g r i n d  s i z e  i n  k h l s  r a n g e .  Acid consumpt ion  i n  l e a c h i n g  
t h e  -200 mesh s a m p l e s  was, however ,  a p p r e c i a b l y  h i g h e r  t h a n  w i t h  
t h e  c o a r s e r  materials.  Reducing t h e  p u l p  d e n s i t y  from 60 t o  5070 
(50% i n c r e a s e  i n  amount o f  a.cld added)  i n c r e a s e d  r e c o v e r i e s  from 
b o t h  t h e  Conway and  P i k e s  Peak g r a n i t e  by a few p e r c e n t .  

1 . 1 . 3  D i s t r i b u t i o n  o f  Thorium i n  S i z e d  G r a n i t e  F r a c t i o n s .  
S e p a r a t i o n  o f  a  Conway g r a n i t e  s ample  i n t o  s i z e d  f r a c t i o n s  by d r y  
s c r e e n i n g  showed t h e  -325 mesh f r a c t i o n  t o  be  3 .5  times more 
c o n c e n t r a t e d  i n  tho r ium t h a n  t h e  c o a r s e s t  f r a c t i o n  (Tab le  4 ) .  
About 38% of  t h e  t o t a l  t ho r ium w a s  found  i n  t h e  -325 mesh f r a c t i o n  
which compr i sed  1770 o f  t h e  o r e  by w e i g h t .  

In  c o n t r a s t ,  s i z e d  f r a c t i o n s  of P i k e s  Peak g r a n i t e  were 
r e l a t i v e l y  u n i f o r m  i n  t h o r i u m  c o n c e n t r a t i o n .  The tho r ium concen-  
t r a t i o n  i n  t h e  -325 mesh f r a c t i o n  was o n l y  1 . 5  t i m e s  t h a t  i n  t h e  
c o a r s e s t  f r a c t i o n .  

1 . 1 . 4  E f f e c t  o f  Added Sodium C h l o r a t e  on Uranium R e c o v e r i e s .  
I n  t e s t s  w i t h  f o u r  d i f f e r e n t  g r a n i t e  s a m p l e s ,  a d d i t i o n  o f  sodium 
c h l o r a t e  t o  t h e  l e a c h  s l u r r y  had l i t t l e  e f f e c t  on uranium r e c o v -  
er ies  (Table  5 ) .  The s m a l l  v a r i a t i o n s  shown c a n  p r o b a b l y  b e  
a t t r i b u t e d  t o  a n a l y t i c a l  u n c e r t a i n t i e s  s i n c e  material b a l a n c e s  
f o r  t h e  tests were r a t h e r  p o o r  (81-12270). With t h e  D i l l o n  Tunne l  
and  Conway s a m p l e s ,  t h e  f i n a l  EMF o f  t h e  l i q u o r s  w a s  a p p r o x i m a t e l y  
t h e  same w i t h  o r  w i t h o u t  a d d i t i o n  o f  t h e  o x i d i z i n g  a g e n t .  Addi- 
t i o n  of  4  l b s  sodium c h l o r a t e  p e r  t o n  o f  o r e  a p p r e c i a b l y  i n c r e a s e d  
t h e  EMF i n  tests w i t h  t h e  B o u l d e r  and C a t h e d r a l  Peak s a m p l e s .  

1 . 2  C o l l e c t i o n  and  A n a l y s i s  o f  G r a n i t e  Samples  (work pe r fo rmed  

a t  Rice U n i v e r s i t y  on S u b c o n t r a c t  1491  - J, A. S .  Adams 

and J. J. W .  R o g e r s ,  C o d i r e c t o r s )  

Dur ing  t h e  l a s t  two summers Rice U n i v e r s i t y ,  u n d e r  s u b -  
c o n t r a c t  t o  ORNL, h a s  been c o n d u c t i n g  f i e l d  s u r v e y s  of  g r a n i t e s  
and  o t h e r  t y p e s  o f  t ho r ium b e a r i n g  r o c k s .  Samples  o f  a wide 
v a r i e t y  o f  g r a n i t e s  and  a s s o c i a t e d  r o c k s  t h r o u g h o u t  t h e  U n i t e d  



T a b l e  3. E f f e c t  o f  G r a n i t e  P a r t i c l e  S i z e  o n  L e a c h a b i l i t y  

C o n d i t i o n s :  30 g sample  o f  g r a n i t e  l e a c h e d  a t  -25°C w i t h  20 
o r  30 m l  o f  2  K H2S04 ( e q u i v a l e n t  t o  130 arid 195  l b s  H2S04 
p e r  t o n  r e s p e c t i v e l y  a t  60 and  5070 p u l p  d e n s i t i e s ) ;  
f i l t e r e d ,  washed 

G r i n d  Leach  Leach  
Mesh p u l p  Time, F i n a l  Recove ry ,  70 a Acid 
S i z e  D e n s i t y ,  70 h r  PH Th U Consumpt ion  
Conway (GF-1, 76 ppm Th ,  1 6  ppm U) 

-20 60 2 4  0 .6  72 
89  77 

78 
-28 0 . 5  90 73 
-35 0 .5  9 1  79  78 
-48 0.5 9  0  78 79 

-200 0.6 87 7 4  89 

P i k e s  Peak (GG-1, 24  ppm Th,  4  ppm U) 

-20 60 24  0 . 6  69 4 6  
-28 0 . 6  76 37 
- 35 0 . 7  74  48 
-48 0 . 7  76 46 

-200 0 . 8  7 4  4 9  

a Based on  t o t a l  f o u n d  by w e t  c h e m i c a l  a n a l y s i s  of l e a c h  
s o l u t i o n  and  r e s i d u e .  Thorium material b a l a n c e s  r a n g e d  
86-104'7'0 based o n  t h e  gamma s p e c t r o m e t r i c  head  a n a l y s i s .  

b 
l b s  o f  H2S04 p e r  t o n  o f  g r a n i t e .  



T a b l e  4 .  D i s t r i b u t i o n  o f  Thor ium i n  S i z e d  G r a n i t e  Samp le s  

(Head ores s t a g e - g r o u n d  t o  -48 mesh)  

Mesh s S i z e  T o r i u m ,  
(TY le r  ) Weight  A n a l y ~ i s , ~  ppm 7'0 o f  ~ o t a l ~  

Conway G r a n i t e  (GF-1, 76 ppm Th)  

P i k e s  Peak  G r a n i t e  (GG-1, 24 ppm T h )  

-48+65 2 7 . 8  20 2 5 . 3  
-65+100 2 5 . 4  1 9  22 .0  

-100+150 1 1 . 3  22 1 1 . 3  
-150+200 1 1 . 3  22 1 1 . 3  
-200+325 7 . 8  26 9 . 2  
-325 1 6 . 4  28 2 0 . 9  

1 0 0 . 0  1 0 0 . 0  

a 
By gamma s p e c t r o m e t r i c  method  a t  ORNL. 

b ~ a s e d  o n  t o t a l  t h o r i u m  f o u n d .  T h i s  w a s  91-104% o f  
h e a d  a n a l y s i s .  

S t a t e s  were o b t a i n e d  i n  1960 .  D u r i n g  1 9 6 1 ,  a t t e n t i o n  w a s  f o c u s e d  
o n  t h e  Conway g r a n i t e s  o f  N e w  Hampshi re  wh ich  are e s p e c i a l l y  
p r o m i s i n g  f rom t h e  s t a n d p o i n t  o f  t h o r i u m  g r a d e  a n d  t o n n a g e .  

1 . 2 . 1  Thor ium a n d  Uranium C o n t e n t s  o f  Many D i f f e r e n t  G r a n i t e s .  
A n a l y s e s  by t h e  gamma s p e c t r o m e t r i c  method  w e r e  c o m p l e t e d  o n  many 
more o f  t h e  r o c k  s a m p l e s  c o l l e c t e d  i n  t h e  summer o f  1960  ( T a b l e  6 ) .  
Samp le s  f rom N e w  Hampsh i r e ,  p a r t i c u l a r l y  t h o s e  c l a s s i f i e d  as 
Conway g r a n i t e ,  c o n t i n u e d  t o  show t h e  h i g h e s t  a v e r a g e  t h o r i u m  
c o n t e n t  a l t h o u g h  local  " h o t  s p o t s "  were a l so  f o u n d  i n  S o u t h w e s t e r n  
M a i n e ,  Vermont ,  M a s s a c h u s e t t s ,  a n d  Rhode I s l a n d .  T h r e e  s a m p l e s  
o f  Conway g r a n i t e  f r om t h e  a d j a c e n t  Winnepesaukee  a n d  W o l f e b o r o  
q u a d r a n g l e s  i n  N e w  Hampshi re  were somewhat l o w e r  i n  t h o r i u m  c o n t e n t  
t h a n  Conway s a m p l e s  f rom areas s l i g h t l y  n o r t h  o f  t h i s  r e g i o n .  

1 . 2 . 2  F i e l d  S u r v e y  o f  t h e  Conway G r a n i t e .  I n  t h e  summer o f  
1 9 6 1 ,  t h e  Conway g r a n i t e  f o r m a t i o n s  i n  N e w  Hampsh i r e  w e r e  s u r v e y e d  
w i t h  a p o r t a b l e  s i n g l e - c h a n n e l ,  gamma-ray p u l s e  h e i g h t  a n a l y z e r ,  
d e v e l o p e d  f o r  d i r e c t  d e t e r m i n a t i o n  o f  t h o r i u m  i n  t h e  f i e l d .  Ove r  
500 f i e l d  s p e c t r o r a d i o m e t r i c  d e t e r m i n a t i o n s  o f  t h o r i u m  were made 
on  t h e  Conway g r a n i t e  a n d  r e l a t e d  r o c k s  o f  t h e  Whi t e  M o u n t a i n  
Magma S e r i e s .  The s a m p l i n g  s p e c t r u m  c o v e r e d  a n  e x t e n s i v e  p o r t i o n  
o f  t h e  accessible 400 s q u a r e  miles o f  Conway g r a n i t e  o u t c r o p  area. 



T a b l e  5 .  E f f e c t  of Sodium C h l o r a t e  on  Uranium R e c o v e r i e s  

C o n d i t i o n s :  30 g  s a m p l e s  o f  -48 mesh g r a n i t e  were l e a c h e d  w i t h  
20 m l  2  N H2S04 f o r  6  h r  a t  2 5 - 2 7 ' ~ .  I n  some tests, s o l i d  
NaC10, w a s  added a t  t h e  b e g i n n i n g  o f  t h e  l e a c h .  

NaC103, T o t a l F e  F e ( I I I ) ,  Uranium 
l b / t o n  o f  F i n a l  E x t r a c t e d ,  % of Recove ry ,  

G r a n i t e  Sample G r a n i t e  EMFa PPm T o t a l  Fe 70 
B o u l d e r  0  + O .  336 4000 9  28 
(GB-3, 6  ppm U) 1 0.335 3960 8  1 8  

4  0 .371  3660 31  25 

D i l l o n  Tunnel  0  0 .317 6530 1 4  42 
(GE, 8  ppm U) 1 0 . 3 1 1  6610 1 3  37 

4  0 . 3 1 8  6230 1 5  38 

C a t h e d r a l  Peak 0  0 .313  5460 6  36 
(GH, 10  ppm U) 1 0 .314  5450 6  29 

4  0 .340  5070 1 9  41 

Conway 0  0 .312  9260 5  7  3  
(GF, 1 6  ppm U) 1 0 .308  9290 5  71  

4  0 .314  8980 5  77 

a 
P t  v s  s a t u r a t e d  calomel e l e c t r o d e s .  

A p r e l i m i n a r y  c a l i b r a t i o n  c u r v e  f o r  t h e  f i e l d  i n s t r u m e n t  is g i v e n  
i n  F i g u r e  1 and a p l o t  o f  f r e q u e n c y  v e r s u s  c o u n t s  p e r  m i n u t e  (and 
ppm t h o r i u m )  is g i v e n  i n  F i g u r e  2. From t h e s e  r a w  d a t a ,  i t  is 
c lear  t h a t  t h e  a c c e s s i b l e  s u r f a c e  o f  t h e  Conway g r a n i t e  a v e r a g e s  
a t  leas t  40 ppm t h o r i u m .  I n  a d d i t i o n  t o  t h e  f i e l d  t h o r i u m  measure-  
m e n t s ,  s amples  were t a k e n  a t  most o f  t h e  s t a t i o n s .  A t o t a l  o f  
twen ty  f e e t  o f  c o r e  w a s  o b t a i n e d  a t  s e v e r a l  s t a t i o n s  t h r o u g h  t h e  
c o u r t e s y  o f  t h e  N e w  Hampshire Depar tment  o f  Highways and  P u b l i c  
Works. S i x  l a r g e  s a m p l e s  i n  t h e  r a n g e  40-70 pounds were s e n t  t o  
ORNL f o r  l e a c h i n g  s t u d i e s .  

L a b o r a t o r y  and s t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a  and  s a m p l e s  
a t  R i c e  is now underway t o  d e t e r m i n e  t h e  f o l l o w i n g :  

1 )  What e f f e c t  w e a t h e r i n g  h a s  on  t h e  tho r ium c o n c e n t r a t i o n  
as shown by t h e  cores and  t h e  f r e s h n e s s  o f  r o c k  a t  e a c h  
s t a t i o n .  

2 )  Whether t ho r ium c o n c e n t r a t i o n  is a f u n c t i o n  of  any 
g e o l o g i c  p a r a m e t e r ,  e .  g .  , p o s i t i o n  i n  t h e  i n t r u s i o n ,  
e l e v a t i o n ,  f a u l t s ,  o r  o t h e r  s t r u c t u r e .  

3 )  A f i n a l  c a l i b r a t i o n  c u r v e  f o r  t h e  f i e l d  i n s t r u m e n t .  

The i n s t r u m e n t  u s e d  f o r  t h e  f i e l d  measurements  w a s  d e v e l o p e d  
a t  R i c e  and c o n s i s t s  o f  a r e g u l a r  Harshaw 3"x3" N a I  c r y s t a l  
mounted by Harshaw w i t h  a m u l t i p l i e r  p h o t o t u b e .  Power t o  t h i s  
d e t e c t o r  is s u p p l i e d  by mercury  b a t t e r i e s .  The s i g n a l  from t h e  
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Fig. 1. Preliminary calibration o f  f ield instrument. 
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Fig. 2. Frequency plot of 430 Thorium determinations on Conway granite. 



d e t e c t o r  is t a k e n  i n  s e q u e n c e  t o  an  a m p l i f i e r ,  a d i s c r i m i n a t o r ,  
a n t i - c o i n c i d e n c e  c i r c u i t ,  a b i n a r y  s c a l e r  w i t h  t h r e e  l e v e l s ,  and 
f i n a l l y  t o  a r e g i s t e r .  E v e r y t h i n g  b u t  t h e  r e g i s t e r  is t r a n s i s -  
t o r i z e d  t o  r e d u c e  w e i g h t  and power r e q u i r e m e n t s .  The e n t i r e  
i n s t r u m e n t  ( e x c e p t  f o r  t h e  s h i e l d ) ,  e n c a s e d  f o r  f i e l d  u s e ,  weighs  
less t h a n  40 pounds .  With a 65 pound s h i e l d  f o r  t h e  N a I  c r y s t a l ,  
geometry  e f f e c t s  c a n  be r educed  t o  less t h a n  10% i n  most  cases 
a t  t h e  2 .62  mev l e v e l .  A t  t h e  tho r ium c o n c e n t r a t i o n s  found  i n  
most  cases i n  t h e  Conway f o r m a t i o n s ,  f i e l d  s p e c t r o r a d i o m e t r i c  
d e t e r m i n a t i o n s  c o u l d  be made i n  10-15 m i n u t e s  a t  t h e  95% 
c o n f i d e n c e  l e v e l .  

1 . 3  Thorium C o n t e n t  of  Some L a t e r i t i c  S o i l s  (R ice  U n i v e r s i t y )  

Some (22 )  f i e l d  measurements  and s a m p l e s  were t a k e n  o f  
l a t e r i t i c  s o i l s  i n  M i s s i s s i p p i ,  Alabama, G e o r g i a ,  and V i r g i n i a .  
These  s o i l s  proved  t o  be low i n  tho r ium (5-16 ppm) and n o t h i n g  
more is p l a n n e d  i n  c o n n e c t i o n  w i t h  t h e s e  p a r t i c u l a r  s a m p l e s ,  
a l t h o u g h  o t h e r  l a t e r i t i c  s o i l s  w i l l  be  i n v e s t i g a t e d .  

T a b l e  6. Thorium and Uranium C o n t e n t  o f  G r a n i t e  Samples  

(Ana lyses  by gamma s p e c t r o m e t r y  a t  R i c e  U n i v e r s i t y )  

A n a l y s i s ,  ppm 
Sample No. Th U Comments 

White Mountain Magma S e r i e s  

MCK-34-C-17 11 2 . 1  Landaf f  g r a n i t e ;  Moos i l aukee  
q u a d r a n g l e  

MCK-22-C-11 32 1 3  M t .  O c e o l a  g r a n i t e ;  Crawford  
Notch quad.  

MCK-18-C-7 1 7  5 . 9  F i n e - g r a i n e d  a p l i t i c  g r a n i t e ;  
Nor th  Conway quad.  

MCK-4B-B-4 6 . 1  1 . 3  S y e n i t e ;  Winnepesaukee quad.  

MCK-2-B-2 29 5 . 6  Conway g r a n i t e ;  Winnepesaukee 
quad.  

MCK-1-B-1 32 5 . 0  B r e c c i a  g r a n o d i o r i t e ;  Winnepesaukee 
quad.  

MCK-5-D-1 26 4 . 4  Conway g r a n i t e ;  Wolfeboro  quad .  

MCK-8-D-4 1 3  3 . 9  G r a n o d i o r i t e ;  Wolfeboro  quad .  

MCK-6-D-2 24 4 . 7  Conway g r a n i t e ;  Wolfeboro  quad.  

MCK-117-V-C-24 1 5  1 . 8  Hornblende  b i o t i t e  m o n z o n i t e ;  M t .  
Ascu tney ,  V t .  

MCK-116-V-C-23 1 3  2 . 1  Hornblende  b i o t i t e  s y e n i t e ;  M t .  
Ascutney  , V t  . 

MCK-17F-C-6 73a 24 F i n e - g r a i n e d  a p l i t i c  r o c k  ( n o t  
a d i k e )  w i t h i n  Conway g r a n i t e ;  
Nor th  Conway quad.  



T a b l e  6  (Cont Id )  

A n a l y s i s ,  ppm 
Sample No. Th U Comments 

MCK-17C-C-6 47a 1 3  T y p i c a l  c o a r s e - g r a i n e d  Conway 
G r a n i t e  a t  same l o c a l i t y  

MCK-13-C-3 82a 1 9 ~  T y p i c a l  Conway g r a n i t e  ; Reds t o n e  
Q u a r r y ,  Nor th  Conway quad.  

MCK-194-8 48a 12  T y p i c a l  Conway g r a n i t e  ; Crawf o r d  
n o t c h  quad.  

MCK-55-C-18 6  4a 1 2  Conway g r a n i t e ;  r o c k  is f i n e -  
g r a i n e d ;  g r a d e s  i n t o  c o a r s e -  
g r a i n e d  C-19; Plymouth quad.  

MCK-56-C-19 5  4a l z a  C o a r s e - g r a i n e d  Conway g r a n i t e ;  
same l o c a l i t y  as C-18 

MCK-103-C-20 5  la 7. 8a T y p i c a l  Conway g r a n i t e ;  M t .  
Chocorua quad. 

S o u t h w e s t e r n  Maine 

MCK-60-Me-3 1 3  4 .5  G r a n i t e ;  M t .  Waldo b a t h o l i t h  

MCK-61-Me-4 33 10  G r a n i t e  from q u a r r y ;  J o n e s b o r o ,  
Maine 

MCK-62-Me-5 22 6 . 5  Somes Sound p i n k  g r a n i t e ;  H a l l s  
q u a r r y  

MCK-63-Me-6 30 6 .8  G r a n i t e ;  M t .  Waldo b a t h o l i t h ,  
F r a n k p o r t  q u a r r y  

MCK-64-Me-7 32 9.0 D e e r  Is le  g r e y  g r a n i t e ;  t h e  G r a n i t e  
Corp. q u a r r y  

MCK-65-Me-8 32 9 . 0  D e e r  Is le  p i n k  g r a n i t e ;  t h e  G r a n i t e  , 
Corp. q u a r r y  

MCK-66-Me-9 22 6 .6  Somes Sound p i n k  g r a n i t e  

MCK-67-Me-10 2  7  5 .5  Somes Sound p i n k  g r a n i t e  

MCK-71-Me-14 1 3  3.0 Grey g r a n i t e ;  Hocking g r a n i t e  
q u a r r y  

MCK-73-Me-16 1 9  8 . 2  Grey g r a n i t e ;  Beisaw q u a r r y  

MCK-74-Me-17 1 9  9 .5  Grey g r a n i t e ;  Maine and N e w  
Hampshire g r a n i t e  q u a r r y  

MCK-75-Me-18-A 11 3.0 Medium-grained g r a n i t e ;  D o d l i n  
H i l l  q u a r r y  

MCK-75-Me-18-B 27 4 . 4  F i n e - g r a i n e d  g r a n i t e ;  D o d l i n  H i l l  
q u a r r y  

MCK-78-Me-21 66 3 .6  Grey g r a n i t e ;  Downal q u a r r y  



Table  6 (Cont 'd )  

Ana lvs i s  , m m  
0 * *  

Sample No. Th U 

N e w  Hampshire Magma S e r i e s  

Comments 

Pink and g r een  g r a n i t e ;  upper  
p o r t i o n  of Swenson quar ry  

Pink g r a n i t e ;  lower p o r t i o n  of 
Swenson quar ry  

G r a n i t e ;  M t .  Waldo b a t h o l i t h ;  
Bucksport  qua r ry  

Somes Sound p ink  g r a n i t e ;  Desert 
Mountain 

Somes Sound grey  g r a n i t e ;  Desert 
Mountain 

Grey g r a n i t e ;  L i n c o l n v i l l e  quar ry  

Metamorphic. rock (?) ); F r e e p o r t  
quar ry  

Grey g r a n i t e ;  North Kennebunkport 
qua r ry  

Quar tz  monzoni te ;  Ha l l owe l l  qua r ry  

MCK-25-NH- (L)  -2  16  5 . 4  

MCK- 30 -NH-6 3 . 9  1 . 2  

Bick fo rd  wh i t e  g r a n i t e  ; Crawf o r d  
Notch quad. 

L i t t l e t o n  q u a r t z i t e ,  1 ' from 
d i k e l e t  o f  B i ck fo rd  g r a n i t e  

I n t r u s i v e  b r e c c i a ;  F rancon ia  quad. 

Kinsman q u a r t z  monzoni te ;  F rancon ia  
Notch quad. 

Dark f i n e - g r a i n e d  d i k e  c u t t i n g  NH-5; 
Francon ia  quad. 

Kinsman q u a r t z  monzoni te ;  F rancon ia  
quad. 

Sugar  H i l l  q u a r t z  monzoni te ;  
Moosilaukee quad. 

Kinsman q u a r t z  monzonite  ; Francon i a  
quad. 

Moody Ledge g r a n i t e ;  Moosilaukee 
quad. 

Moody Ledge g r a n i t e  (?) ; Moosilaukee 
quad. 



T a b l e  6 ( C o n t ' d )  

A n a l y s i s ,  ppm 
Sample No. Th U Comments 

MCK-42-NH-13 29 9.0 F r e n c h  Pond g r a n i t e  ( g r e y )  ; 
Moos i l aukee  quad .  

MCK-43-NH-14 48 9 . 1  F rench  Pond g r a n i t e  ( p i n k )  ; 
Moos i l aukee  quad .  

MCK-99-NH-18 22 1 4  Concord g r a n i t e ;  Concord quad .  

MCK-102-NH-19 23 8 . 8  Tamworth g r a n i t e ;  M t .  Chocorua  
quad .  

MCK-122-NH-21 1 5  5 . 9  Concord g r a n i t e ;  Monadnock quad .  

MCK-38-NH-10 13" 3 . 3  Beth lehem g n e i s s ;  Moos i l aukee  
quad .  

MCK-44-NH-15 35" 6 . 7  F r e n c h  Pond g r a n i t e  ( p i n k )  ; 
Moos i l aukee  quad.  

MCK-57-NH-15 11" 7 .7  Concord g r a n i t e  ; Plymouth quad .  

MCK-108-V-1 6.2" 4.0 B a r r e  g r a n i t e ;  B a r r e ,  V t .  

MCK-109-V-2 7 .7  2 .8  Q u a r t z  monzon i t e ;  Gro ton  S t a t e  
F o r e s t ,  V t .  

MCK-110-V-3 l o a  5 . 8  G r a n o d i o r i t e ;  S t .  J o h n s b u r g  quad .  

MCK-121-NH-20 1 3 ~  2 . 1  Kinsman q u a r t z  m o n z o n i t e ;  Lovewe l l  
M t .  quad .  

MCK-114-NH 28" 5 . 1  Lebanon g r a n i t e  ; Hanover quad .  

MCK-115-NH 23a 4 . 2  Lebanon g r a n i t e ;  Hanover quad.  

O l i v e r i a n  Mama S e r i e s  

MCK-45 -0L-1 22 3 . 3  Owls Head g r a n i t e ;  Rumney quad.  

MCK-48-OL-4 51" 1 4  D i s c o n t i n u o u s  a p l i t e  d i k e  c u t t i n g  
OL-5; Rumney quad .  

MCK-49-OL-5 24" 4 . 1  O w l s  Head g r a n i t e ;  Rumney quad .  

MCK-50-OL-6 39a 1 4  A p l i t e  d i k e  c u t t i n g  OL-7; Rumney 
quad .  

MCK-51-OL-7 18" 3 . 7  Owls Head g r a n i t e ;  Rumney quad .  

MCK-52-OL-8 25a 5 .3"  Owls Head g r a n i t e  from t o p  o f  
B l u e b e r r y  Mounta in ;  Rumney quad .  

MCK-119-OL-13 6.3" 2 . 8  Q u a r t z  monzon i t e ;  Be l lows  F a l l s  
quad .  



T a b l e  6  (Cont ' d )  

A n a l y s i s ,  ppm 
Sample No. Th U Comments 

M a s s a c h u s e t t s  

MCK-82-Mass-1 1 3  3 . 3  G r a n o d i o r i t e ;  S w i n g l e s  q u a r r y ,  
Qu i n c y  

MCK-84-Mass-3 31  1 . 4  G r a n i t e ;  M f l f o r d  q u a r r y  

MCK-87-Mass-4 8 .6  1 . 3  P i n k  g r a n i t e ;  M i l f o r d  q u a r r y  

MCK-92-Mass-5 10  2 . 7  Dedham g r a n o d i o r i t e ;  B r o c k t o n  
quad .  

MCK-9 3-Mass-6 38 8 . 9  R i e b e c k i t e  g r a n i t e ;  Brock ton  
quad .  

MCK-94-Mass-7 1 6  5 . 3  Dedham g r a n o d i o r i t e ;  o l d  q u a r r y ;  
B r o c k t o n  quad .  

MCK-95-Mass-8 27 5 .0  G r a n i t e ;  F l e t c h e r  q u a r r y ;  N. 
Chelmsf o r d ,  Mass. 

MCK-96-Mass-9 1 2  5 . 0  G r a n i t e ;  B i l l e r i c a ,  Mass. 

MCK-83-Mass-2 1 5 ~  4 .8  G r a n i t e ;  Plymouth q u a r r y ,  Weymouth, 
Mass. 

Rhode I s l a n d  

MCK-85-RI-1 28 1 4  N a r a g a n n s e t t  P i e r  g r a n i t e  

MCK-88-RI-3 20 1 . 8  Esmond g r a n i t e ;  G e o r g i a v i l l e  quad .  

MCK-91-RI-6F 60 3 . 1  W e s t e r l y  g r a n i . t e  f rom q u a r r y ;  f i n e -  
g r a i n e d ,  p i n k  

MCK-91-RI-6M 68 3 . 3  W e s t e r l y  g r a n i t e  f rom q u a r r y ;  
medium-grained,  p i n k  

MCK-89C-RI -4 16a 3 .9  S c i t u a t e  g r a n i t e ;  N o r t h  S c i t u a t e  
qu a d .  

Oklahoma 

MCK-124 1 6  3 . 8  s T ~ l l o w  P i n k P r  g r a n i t e ;  G r a n i t e ,  
Ok la .  

MCK-125 1 4  2 . 8  ? V n d i a n  R o s e ' g r a n i t e  ; G r a n i t e ,  
O k l a .  

MCK-128 1 8  6 .0  ' T e n t u r y  M o t t l e d  P ink"  g r a n i t e ;  
C e n t u r y ,  Ok la .  

MCK-129 10 1 . 7  v q C e n t ~ r y  Tweedtv g r a n i t e ;  M i l l  
C r e e k ,  Ok la .  

MCK-12 3  17" 4 .  4a 7Wohogany Red'" g r a n i t e ;  G r a n i t e ,  
Ok la .  



T a b l e  6  (Cont ' d )  

A n a l y s i s ,  ppm 
Sample No. Th U Comments 

MCK-126 15" 3 . 8  "Century Maroon" g r a n i t e  ; G r a n i t e ,  
Ok la ,  

MCK-127 10" 2 . 3  "Century Rose" g r a n i t e ;  C e n t u r y ,  
Okla .  

P e n d - O r e i l l e  Area, Idaho 

16  4 . 4  Bayview g r a n o d i o r i t e  

9 . 9  2 . 5  P o r p h y r i t i c  Bayview g r a n o d i o r i t e  

9 .6  7 . 1  Bayview g r a n o d i o r i t e  

Montana (Bou lde r  b a t h 0 1  i t h )  
- 

1 9  4 . 3  B u t t e  q u a r t z  monzon i t e  

AD-BB-3 7 . 5  1 . 6  Rade r s  Creek  g r a n i t e  

AD-BB-5 2 3  5 . 2  C lancey  g r a n o d i o r i t e  

M i s s o u r i  

MCK-101 38 19  M i s s o u r i  Red g r a n i t e ;  Haywards 
q u a r r y ;  G r a n i t e v i l l e ,  Mo. 

M i s c e l l a n e o u s  

MCK-112-V-5 0 . 7 6  0 .10  B e t h e l  White  q u a r t z  m o n z o n i t e ;  
B e t h e l ,  V t .  

MCK-113-V-H-1 1 2  3 . 3  F a i r l e e  q u a r t z  m o n z o n i t e ;  F a i r l e e ,  
V t .  ; H i g h l a n d c r o f  t Magma S e r i e s  

a 
D i f f e r e n t  from v a l u e  p r e v i o u s l y 2  r e p o r t e d .  ' I n  mos t  c a s e s  t h e  new 
v a l u e  is based  on r e d e t e r m i n a t i o n s  and is c o n s i d e r e d  more a c c u r a t e ,  
l a r g e l y  b e c a u s e  o f  b e t t e r  c o u n t i n g  s t a t i s t i c s .  Some o f  t h e  
c o r r e c t i o n s  r e s u l t e d  from r e c a l c u l a t i o n  o f  p r e v i o u s  r a d i o m e t r i c  
d a t a .  



2 . 0  SOLVENT EXTRACTION TECHNOLOGY 

2 . 1  F i n a l  C y c l e  P l u t o n i u m  Recovery  by Amine E x t r a c t i o n  (C. F .  

Coleman,  F .  A .  Kappelmann,  J .  P .  Eubanks )  

The amine e x t r a c t i o n  o f  p l u t o n i u m  n i t r a t e  is b e i n g  examined  
t o  d e v e l o p  o n e  o r  more f l o w s h e e t s  s u i t a b l e  f o r  f i n a l  c y c l e  p l u -  
ton ium r e c o v e r y  and  p u r i f i c a t i o n ,  a f t e r  t y p i c a l  P u r e x  e x t r a c t i o n  
a n d  p a r t i t i o n  f rom u r a n i u m ,  To compe te  s u c c e s s f u l l y  w i t h  TBP 
e x t r a c t i o n - i o n  e x c h a n g e  c y c l e s  a l r e a d y  d e s i g n e d ,  a n  amine  ext rac-  
t i o n  f l o w s h e e t  m u s t  p r o v i d e  h i g h  d e c o n t a m i n a t i o n  and s h o u l d  
p r o v i d e  r e a s o n a b l y  h i g h  c o n c e n t r a t i o n  i n  a s i n g l e  c y c l e ,  b e s i d e s  
f u l f i l l i n g  i t s  a p p a r e n t  p r o m i s e  o f  s i m p l i c i t y  and  much lower 
n i t r i c  a c i d  c o n s u m p t i o n .  

I n  c o n t i n u e d  b a t c h  c o u n t e r c u r r e n t  t e s t i n g *  o f  t h e  p r o p o s e d  
c h e m i c a l  f  l o w s h e e t  ( F i g .  3 )  w i t h  s i m u l a t e d  1BP s o l u t i o n ,  t h e  
e x t r a c t i o n  p r o f  i l ~  o b t a i n e d  w i t h  0 . 1 5 5  M_ t r i l a u r y l a m i n e  (TLA) i n  
d i e t h y l b e n z e n e  a g a i n  c o n f i r m e d  t h e  p r e d i c t e d  e x t r a c t i o n  i s o t h e r m s .  2  

A t  f l o w  rate  A/O = 4 / 1  i n  f o u r  e x t r a c t i o n  s t a g e s  t h e  r a f f i n a t e  
c o n t a i n e d  <0 .002  g  P u / l i t e r ,  <0 .2% o f  t h e  h e a d .  T h e r e  was v e r y  
l i t t l e  r e f l u x i n g  i n  t h e  s c r u b  s e c t i o n  w i t h  0 . 5  M_ HNO, a t  A/O = 2/5.  
The p r o d u c t ,  s t r i p p e d  w i t h  3  M ace t ic  a c i d  a t  A/O z 1 / 5 ,  c o n t a i n e d  
2 3 , 6  g  P u / l i t e r ,  a n d  t h e  s t r i p p e d  e x t r a c t a n t  c o n t a i n e d  - 0 . 0 0 1  g 
P u / l i t e r ,  

The s i m u l a t e d  1BP f e e d  s o l u t i o n s  ( T a b l e  79 and  e x t r a c t a n t  
s o l u t i o n s  ( T a b l e  8 )  were p r e p a r e d  as  p r e v i o u s l y  d e s c r i b e d ,  and  
t h e  same c o n t a c t o r s  were u s e d .  The f l o w s h e e t  c o n d i t i o n s  u s e d  
f o r  t h e  l a s t  35 c y c l e s  are shown i n  F i g ,  3 ,  w i t h  t h e  t e r m i n a l  
p r o f i l e s ,  F l o w s h e e t  c o n d i t i o n s  f o r  t h r e e  p r e c e d i n g  r u n s  are 
summar ized  i n  T a b l e  8 .  The p r o f i l e s  were n o t  s a m p l e d  i n  t h e s e ;  
r u n  s a m p l e s  are l i s t e d  i n  T a b l e  9 .  

2 . 1 . 1  P r o f i l e s .  A l l  s o l u t i o n s  were a n a l y z e d  a f t e r  c y c l e  
42 o f  Run 2C7 g i v i n g  t h e  Z h  p r o f i l e s  shown i n  T a b l e  1 0  a n d  F i g .  3 .  
A s  i n  t h e  p r o f i l e  a n a l y s i s  o f  Run 1, o n l y  t h e  odd-numbered s t a g e s  
c o n t a i n e d  s o l u t i o n s  a t  t h i s  p o i n t .  T h i s  i n c l u d e d  r a f f i n a t e  
( S t a g e  1 )  and  p r o d u c t  ( S t a g e  l l ) ,  b u t  n o t  s t r i p p e d  e x t r a c t a n t  
( S t a g e  1 6 ) ;  t h e  s t r i p p e d  e x t r a c t a n t  a n a l y s i s  f rom c y c l e  4 1  w a s  
u s e d .  C o n c e n t r a t i o n s  f o r  c t h e r  even-numbered s t a g e s  i n  t h e  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  w e r e  c a l c u l a t e d  by material b a l a n c e ,  
a n d  are marked by p a r e n t h e s e s i n  b o t h  t a b l e  and  g r a p h .  The concen -  
t r a t i o n  c h a n g e s  t h r o u g h  t h e  s c r u b  s e c t i o n  were s o  s l i g h t  t h a t  t h e  
r e s u l t i n g  small d i f f e r e n c e s  were t o o  e r r a t i c  f o r  s a t i s f a c t o r y  
material  b a l a n c e  c a l c u l a t i o n  o f  t h e  m i s s i n g  c o n c e n t r a t i o n s .  

The p r o f i l e  d a t a  are r e p l o t t e d  as e x t r a c t i o n ,  s c r u b ,  and  
s t r i p p i n g  i s o t h e r m s  i n  F i g ,  4.  A s  b e f o r e ,  t h e  e x t r a c t i o n  e q u i -  
l i b r i u m  c u r v e  was drawn a c c o r d i n g  t o  t h e  e m p i r i c a l  r e l a t i o n s  

*These  tests were c a r r i e d  o u t  i n  t h e  Chemica l  I s o l a t i o n  
L a b o r a t o r y  w i t h  t h e  c o o p e r a t i o n  of  R .  E .  Leuze  and  c o - w o r k e r s .  





T a b l e  7 .  Feed  S o l u t i o n  A n a l y s e s  

S i m u l a t e d  1BP 

B a t c h  Used I n  H+ Pu a, 

No. Run C y c l e s  a T o t a l  (IV> Am cu G r o s s  Y 

5  2  1-12 1 . 5  6 . 9 2 ~ 1 0 ~  6 . 9 2 ~ 1 0 ~  5 .56x104  7.41x105 

10  15-32 n o t  a n a l y z e d  a 

a 
No Zr-Nb t r a c e r  p r e s e n t .  

P r e p a r a t i o n :  P l u t o n i u m  n i t r a t e  s o l u t i o n  r e d u c e d  w i t h  f e r r o u s  
s u l f a m a t e  ( q u a n t i t y  e q u i v a l e n t  t o  0 . 3  M_ Fe (NH2S03 ) ,  i n  f i n a l  
v o l u m e ) ,  r e o x i d i z e d  w i t h  n i t r i t e  (NaNO,: Fe = 7:  1 mole r a t i o ) ,  
and  s i k e d  ( e x c e p t  B a t c h e s  9 ,  1 0 ,  1 1 )  w i t h  ~ r 9 5 - ~ b 9 5  tracer a t  
-7x105) y c o u n t s / m i n  rn l  i n  t h e  f i n a l  s o l u t i o n  volume.  

T a b l e  8 .  F l o w s h e e t  C o n d i t i o n s  

( c f .  F i g .  3 )  

Ext rac t /Feed/Scrub/S t r ip  = 15/60/6 /3  m l  p e r  c y c l e  
TLA: Alamine 304 (Ba tch  865 )  i n  d i e t h y l b e n z e n e  

H N o ,  HO AC 
Run C y c l e  TLA , S c r u b ,  S t r i p ,  Z r - N b  
No, Nos. a. !! a T r a c e r  

2  1-24  0 . 1  0 , 2 5  3  7 x 1 ~ 5  

2A 1-24  0 . 1  0 . 5  3  7 x 1 0 ~  

2B 1-32 0 . 1  0 . 5  3  none  

2@ 1-6 0 . 1 5 5  0 . 5  3 none 



Table  9 ,  Plutonium D i s t r i b u t i o n  i n  Run Samples 

( c f .  F i g .  3)  

Run Cycle  Z su/min m l  % of  C a i n  ~ e e d b  g  P u / l i t e r  
No. NO. a Raf f  i n a t e c  Product  o r g a d  R a f f i n a t e c  P r o d u c t  0 r g . d  i n  P roduc te  

2 2  6.94x106 10 

8 l . 1 6 x l o 7  4 . 9 2 ~ 1 0  1 7  34 7.0 8 

- - - -  - - - 

a R a f f i n a t e  and p r o d u c t  d i s c h a r g e d  o n l y  a f t e r  even-numbered c y c l e s ,  s t r i p p e d  
e x t r a c t a n t  o n l y  a f t e r  odd-numbered. 

b0.97 t o  1 . 0 3  g  P u / l i t e r  i n  f e e d  b a t c h e s .  

' ~ o t  c o r r e c t e d  f o r  Am a ,  r e p o r t e d  a t  ( 4 - 6 1 x 1 0 ~  counts /min  m l  i n  f e e d  and i n  t h e  
same r a n g e  i n  r a f f  i n a t e s .  

dwOrg .I = s t r i p p e d  e x t r a c t a n t .  

e g  P u / l i t e r  from a,  assuming a l l  non-Pu a n e g l i g i b l e  i n  t h e  p r o d u c t .  

f ~ o  a measurements i n  Run 2 8 ,  which w a s  u sed  t o  d e t e r m i n e  minimum y l e v e l s .  



T a b l e  1 0 .  P r o f i l e  o f  P l u t o n i u m  P u r i f i c a t i o n  C y c l e ,  

B a t c h  C o u n t e r c u r r e n t  Run N o .  2C 

S i m u l a t e d  1BP f e e d  ( T a b l e  7 ) ;  0 . 1 5 5  N TLA i n  d i e t h y l b e n z e n e ;  
0 . 5  M HNO, s c r u b ;  3  M HOAc s t r i p ;  s i n g l e - d i a m o n d  c o n t a c t  p a t t e r n  - - 

z e r o  ------>---------+-----------+----------+----------- 0 . 0 7 1  ( 0 . 3 4 8 )  2 . 4 2  ( 4 . 2 4 )  
I 

E x t r .  ( 1 )  ( 2 )  ( 3 )  ( 4 )  I 

E x t r a c t i o n  a 
0  0023  $0 .018 )  0 . 0 8 1  ( 0 . 5 5 )  ( 0 . 9 5  I - , 1 . 0 2  e (66 r n l  a q / c y c l e )  

1 . 
a Feed  

S c r u b  

( 0 .409  J 0 . 3 3 6  / O .  315 I zero , 
\ 

( 6  m l  a q / c y c l e )  
\ T 

- s c r u b  1 
I 

I ( 4 . 7 3 )  4. 32 0 . 8 6 6  ( 0 . 0 9 2 )  
b 

L - - - - - - - - 0 . 0 0 1 1 4  [ 0 . 0 0 0 9 6 ] ,  

S t r i p  ?ii7------ t i 2  7 ?isi------' mi--------- 
23 .66  _ (21 .60)  / 15 .54  J 4 . 3 2 )  0 . 4 6  J O .  0 0 2 2 )  z e r o  

\ \ \ \ . 
( 3  m l  a q / c y c l e )  s t r i p  

a C a l c u l a t e d  f rom Z a. Numbers i n  p a r e n t h e s e s  o b t a i n e d  by material b a l a n c e .  

b [ O .  000961 i n  s t r i p p e d  o r g a n i c  o f  p r e c e d i n g  c y c l e .  





p r e v i o u s l y  e s t a b l i s h e d  f o r  e x t r a c t i o n  f rom -1 .5  M_ HNO, w i t h  
TLA i n  d i e t h y l b e n z e n e :  E (Pu)  = El [?Jarnine - 3  hIpuI2 a n d  

l o g  El " 3 . 5  - 2 . 5 . / G d ,  a n d  h e r e  a g a i n  t h e  e q u i l i b r i u m  s t a g e  

p o i n t s  f a l l  c l o s e  t o  t h e  p r e d i c t e d  c u r v e .  

The s c r u b - s e c t i o n  c o m p o s i t i o n s  are g rouped  c l o s e l y  t o g e t h e r  
( F i g .  4 ) .  T h e i r  p o s i t i o n  above  t h e  e x t r a c t i o n  e q u i l i b r i u m  c u r v e ,  
i . e . ,  w i t h  h i g h e r  O/A d i s t r i b u t i o n  c o e f f i c i e n t s  t h a n  i n  ext rac-  
t i o n ,  is s u r p r i s i n g  i f  i t  r e p r e s e n t s  a c t u a l  s t e a d y - s t a t e  
e q u i l i b r i u m .  Lower 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 e x p e c t e d  
b e c a u s e  o f  t h e  l o w e r  n i t r a t e  c o n c e n t r a t i o n  t h a n  i n  t h e  e x t r a c t i o n  
s e c t i o n ,  o n l y  p a r t i a l l y  compensa t ed  by t h e  a b s e n c e  o f  s u l f a t e .  
T h e s e  r e s u l t s  m i g h t  i n d i c a t e  s i g n i f i c a n t l y  s l o w  ra te  o f  e q u i -  
l i b r a t i o n  i n  t h e  s c r u b  s e c t i o n .  * 

The s t r i p p i n g  p r o c e e d e d  s m o o t h l y  and  e s s e n t i a l l y  c o m p l e t e l y  
a t  p h a s e  r a t i o  A/O = 3 /15 .  The e q u i l i b r i u m  p o i n t s  ( F i g .  4 )  f e l l  
a l o n g  a smooth  c , y rve ,  similar ( a l l o w i n g  f o r  t h e  d i f f e r e n t  p h a s e  
r a t i o )  t o  t h a t  o b t a i n e d  f rom t h e  p r e v i o u s  p r o f i l e .  The p r o d u c t  
c o n c e n t r a t i o n s  t h r o u g h o u t  t h e  r u n  ( T a b l e  9 )  were c o n s i s t e n t l y  
h i g h e r  t h a n  t h e  f e e d  times t h e  n o m i n a l  f l o w  r a t i o .  T h i s  is 
p r o b a b l y  d u e  t o  a c o n s i s t e n t  l o s s  o f  a small b u t  s i g n i f i c a n t  
f r a c t i o n  o f  t h e  aqueous  volume i n  p a s s i n g  t h r o u g h  t h e  s t r i p p i n g  
s t a g e s .  I f  e n t i r e l y  t o  a c c o u n t  f o r  t h e  excess c o n c e n t r a t i o n ,  
t h e  p r o d u c t  volume would be  2 . 6  i n s t e a d  o f  3  m l .  The p r o d u c t  
vo lumes  were n o t  measu red  i n  t h e  g love -box  o p e r a t i o n ,  and  t h i s  
much d i f f e r e n c e  would  n o t  h a v e  b e e n  r e a d i l y  o b s e r v e d .  

2 , 1 , 2  Run Sample s .  I n  t h e  r u n  r e p o r t e d  p r e v i o u s l y  w i t h  
0 . 2  M TLA, t h e  l o s s  o f  p l u t o n i u m  ( a c t u a l l y ,  Ccu) i n  t h e  r a f f  i n a t e  
w a s  t8.1OJo a t  p h a s e  r a t i o  A/O = 66/15 ,  and  rose t o  7% when t h e  
p h a s e  r a t i o  w a s  c h a n g e d  t o  66 /5 ,  I n  Run 2  ( T a b l e s  8 and  9 )  t h e  
p h a s e  r a t i o  w a s  r e t u r n e d  t o  A/O = 66/15 and  t h e  TLA c o n c e n t r a t i o n  
w a s  d e c r e a s e d  t o  8 . 1  U. T h i s  d i d  n o t  c h a n g e  t h e  a m i n e : p l u t o n i u m  
r a t i o ,  b u t  w a s  e x p e c t e d  t o  d e c r e a s e  t h e  e x t r a c t i o n  c o e f f i c i e n t  
by a f a c t o r  o f  9 and  the  e x t r a c t i o n  f r a c t i o n  by a f a c t o r  o f  3  
b e c a u s e  o f  t h e  d i l u t i o n .  The ~ a f f i n a t e  p l u t o n i u m  l o s s  rose t o  
45%. When t h e  s c r u b  w a s  c h a n g e d  f rom 0 . 2 5  M t o  0 . 5  ?J H N 0 3 ,  t h e  
r a f  f  i n a t e  p l u t o n i u m  l o s s  dpopped s l i g h t l y ,  t o  20%. ( S i n c e  t h e  
s c r u b  c o m p o s i t i o n  c o u l d  h a v e  l i t t l e  e f f e c t  on  t h e  c o m p o s i t i o n  o f  
t h e  t e n - f o l d  g r e a t e r  volume o f  f e e d ,  t h i s  i n d i c a t e s  t h a t  t h e r e  
w a s  a p p r e c i a b l e  r e f l u x i n g  o f  p l u t o n i u m  i n  s c r u b b i n g  w i t h  0 . 2 5  M 
HNO,). When t h e  TLA c o n c e n t r a t i o n  w a s  i n c r e a s e d  t o  0 . 1 5 5  M_ 
(Run 2 C I 9  t h e  r a f f i n a t e  l o s s  d r o p p e d  t o  0 . 2 %  o f  t h e  2 h  ( i n c l u d i n g  
a m e r i c i u m ) ,  a n d  h e n c e  p r e s u m a b l y  c o n s i d e r a b l y  less t h a n  8 . 2 %  o f  
t h e  p l u t o n i u m .  

*The c o n t a c t  c o n d i t i o n s  were 5 min  s t i r r i n g  w i t h  h o l l o w  i n t e r -  
p h a s e  st irrer i n  u n b a f f l e d  c y l i n d r i c a l  s e p a r a t o r y  f u n n e l ,  1 4  m l  
o r g .  + 6  m l  a q . ,  f o l l o w e d  by u s u a l l y  3-5 min  s e t t l i n g ,  



2 . 1 . 3  Gamma A c t i v i t y .  A s  p r e  i o u s l y  r e p o r t e d ,  Zr-Nb x 95 

gamma a c t i v i t y ,  from a l e v e l  o f  -10 y c o u n t s / m i n  m l  i n  t h e  f e e d ,  
c o u l d  n o t  b e  d i s t i n g u i s h e d  from background gamma e i t h e r  by g r o s s  
y ( t h r o u g h  lead)  o r  Y s c a n .  Run 2  w a s  pe r fo rmed  b e f o r e  t h e  y 
s c a n s  were a v a i l a b l e  from Run 1 t o  show t h a t  no  Zr-Nb v a l u e s  c o u l d  
b e  o b t a i n e d  f rom t h e  g r o s s  measu remen t s ,  and t h e  d i f f e r e n t  r u n  
c o n d i t i o n s  u s e d  were s e l e c t e d  i n  p a r t  t o  p r o v i d e  a d i r e c t  test 
o f  t h a t  p o i n t .  Even when t h e  Zr-Nb tracer w a s  o m i t t e d  f rom t h e  
f e e d ,  t h e  p r o d u c t  g r o s s  y remained  a t  ~ 2 x 1 0 4  counts /mi:n m l ,  
a b o u t  t h e  same as when t h e  tracer w a s  p r e s e n t .  T h u s ,  mos t  o f  
t h e  gamma a c t i v i t y  found  i n  t h e  p r o d u c t  mus t  b e  d u e  t o  p l u t o n i u m  
i t s e l f ,  o r  t o  a c o n t a m i n a n t  from t h e  p lu ton ium s t o c k  t h a t  is 
e x t r a c t e d  and s t r i p p e d  w i t h  i t ,  

P r e l i m i n a r y  e x a m i n a t i o n  o f  t h e  y s c a n s  s u g g e s t s  t h a t  mos t  
o f  t h e  a c t i v i t y  is a c t u a l l y  d u e  t o  p l u t o n i u m ,  e v e n  though  its 
p r i n c i p a l  gammas a t  ~ 0 . 1  mev were e l i m i n a t e d  by l e a d  f i l t e r .  
S i g n i f i c a n t  p e a k s  w e r e  f ound  a t  - 0 - 4  and  " 0 , 2  mev ( b e s i d e s  
1a . rge r  p e a k s  a t  - 8 . 1  mev and  lower  e n e r g i e s ) ,  wiSh o n l y  s l i g h t  
i n d i c a t i o n s  a t  -0.76 n e v  f o r  Zr-Nb. The - 0 . 4  mev p e a k  m a t c h e s  
t h e  0 .384  mev gamma of  ~ ~ 2 3 9 ,  and  t h e  peak  n e a r  0 . 2  mev m i g h t  
b e  r e l a t e d  t o  i t s  0 .124  mev gamma. A s  much o f  t h e  t o t a l  gamma 
as is due  t o  p l u t o n i u m  s h o u l d  c o r r e l a t e  w e l l  w i t h  t h e  p r o d u c t  
a l p h a ,  and  t h i s  may p r o v e  t o  l e a v e  a small d i f f e r e n c e  a c c u r a t e l y  
enough d e f i n e d  t o  have some u s e  as a measu re  o f  t h e  Zr-.Nb c o n t e n t .  

2 , 2  E x t r a c t i o n  and S e p a r a t i o n  o f  Z i r con ium and Hafnium- 

(D. J .  @ r o u s e ,  J .  G o  Moore,  F, J. H u r s t )  

P r e l i m i n a r y  s t u d i e s  o f  t h e  s e p a r a t i o n  o f  z i r c o n i u m  a n d  
hafn ium w i t h  amines  and  o r g a n o p h o s p h o r u s  esters and  a c i d s  were 
made i n  1957 and  e a r l y  1958 .  Each o f  t h e  e x t r a c t a n t  c lasses  
showed some p r o m i s e  b u t ,  owing t o  o t h e r  commitments ,  t h e  s t u d i e s  
were t e r m i n a t e d  p r i o r  t o  deve lopment  and  d e m o n s t r a t i o n  o f  c o m p l e t e  
p r o c e s s e s .  

The e a r l y  d a t a  o b t a i n e d  i n  t h i s  i n v e s t i g a t i o n  were r e p o r t e d  
i n  ORNL-2346.4 The b a l a n c e  o f  t h e  d a t a  were n o t  r e p o r t e d  s i n c e  
p r o g r e s s  r e p o r t s  were n o t  i s s u e d  i n  1958  and  t h e  s t u d i e s  were 
n o t  s u f f i c i e n t l y  c o m p l e t e  t o  mer i t  a t o p i c a l  r e p o r t .  R e c e n t l y  
s e v e r a l  i n q u i r i e s  have  been  r e c e i v e d  c o n c e r n i n g  a v a i l a b i l i t y  o f  
i n f o r m a t i o n  on  Zr-Hf s e p a r a t i o n  a t  ORNL. Summar iza t ion  o f  t h e  
d a t a ,  e v e n  a t  t h i s  la te  d a t e ,  is a p p a r e n t l y  w a r r a n t e d  and  t h i s  
is done below.  

2 . 2 . 1  E x t r a c t i o n  w i t h  Amines 

From S u l f a t e  S o l u t i o n s .  E f f e c t i v e  e x t r a c t i o n  o f  z i r c o n i u m  
and  hafnium from s u l f a t e  s o l u t i o n s  w a s  o b t a i n e d  w i t h  p r i m a r y ,  
s e c o n d a r y ,  and t e r t i a r y  amines .  Z i r con ium w a s  e x t r a c t e d  p r e f e r -  
e n t i a l l y ,  t h e  measured  s e p a r a t i o n  f a c t o r  (Zr /Hf)  b e i n g  on  t h e  
o r d e r  o f  5-10. A l l  o f  t h e  d a t a  i n  t h e  s u l f a t e  s y s t e m  have  b e e n  
r e p o r t e d  p r e v i o u s l y .  



From H y d r o c h l o r i c  Ac id .*  Z i r con ium and  ha fn ium were 
e x t r a c t e d  f rom h y d r o c h l o r i c  a c i d  s o l u t i o n s  a t  r e l a t i v e l y  h i g h  
acid c o n c e n t r a t i o n s  (8-10 M_), w i t h  t h e  z i r c o n i u m  b e i n g  p r e f e r -  
e n t i a l l y  e x t r a c t e d .  

The rate  o f  e x t r a c t i o n  f rom 8  M_ HC1 w a s  s t u d i e d  w i t h  
t r i  ( i s o - o c t y 1 ) a m i n e  i n  benzene  ( T a b l e  1 1 ) .  The d a t a  were some- 
wha t  e r r a t i c  b u t  i n d i c a t e d  t h a t  e q u i l i b r i u m  w a s  e s s e n t i a l l y  
r e a c h e d  w i t h i n  5  min.  The measu red  s e p a r a t i o n  f a c t o r s  (ZrJHf)  
were i n  t h e  r a n g e  1 7  t o  35. I n  t h e  tests a t  a n  o r g a n i c / a q u e o u s  
p h a s e  r a t i o  of 8 /1 ,  a t h i r d  l i q u i d  p h a s e  fo rmed  owing t o  t h e  
l i m i t e d  m i s c i b i l i t y  o f  t h e  amine--zirconium--chloride s a l t  i n  
t h e  d i l u e n t .  A d d i t i o n  o f  5-8 v o l  '30 t r i d e c a n o l  t o  t h e  d i l u e n t  
p r e v e n t e d  t h i r d  p h a s e  f o r m a t i o n  i n  t e s t s  w i t h  t r i  ( i s o - o c t y 1 ) -  
amine  b u t  a l s o  a p p r e c i a b l y  d e c r e a s e d  t h e  e x t r a c t i o n  e f f i c i e n c y  
and  l owered  t h e  s e p a r a t i o n  f a c t o r s  ( T a b l e  1 2 ) .  T h i s  w a s  t r u e  
w i t h  b o t h  benzene  a n d  E s s o  Heavy Aromat ic  (HAN) d i l u e n t s .  
E x t r a c t i o n  c o e f f i c i e n t s  w i t h  t h e  l a t t e r  d i l u e n t  were h i g h e r  t h a n  
w i t h  b e n z e n e  b u t  s e p a r a t i o n  f a c t o r s  were a p p r o x i m a t e l y  t h e  same, 
i . e . ,  10-20.  

T a b l e  11. R a t e  o f  Zirconium--Hafnium E x t r a c t i o n  

w i t h  T r i  ( i s o - o c t y 1 ) a m i n e  

O r g a n i c :  0 . 1  t r i  ( i s o - o c t y 1 ) a m i n e  i n  b e n z e n e  
Aqueous:  8  M_ HCl c o n t a i n i n g  1 . 4  g / l i t e r  o f  (Z r  H f )  o x i d e  

(-1.5% H f )  

C o n t a c t  T o t a l  Oxide  E x t r a c t i o n  S e p a r a t i o n  
Time,  Phase  R a t i o ,  i n  O r g a n i c  , a  Coe f f  i c i e n t a  E$ F a c t o r  
Min a /o g / l i t e r  Z r  H f  ( Z r / H f  

a C a l c u l a t e d  on  bas is  o f  a n a l y s e s  o f  head  a n d  f i n a l  a q u e o u s .  

b ~ h i r d  l i q u i d  p h a s e  fo rmed  owing  t o  l i m i t e d  m i s c i b i l i t y  o f  t h e  
amine  s a l t  i n  t h e  d i l u e n t .  

* E x t r a c t i o n  o f  z i r c o n i u m  and  hafn ium from h y d r o c h l o r i c  a c i d  w i t h  
amines  h a s  a l s o  b e e n  s t u d i e d  by ~ o o r e 5 j 6  o f  t h e  ORNL A n a l y t i c a l  
C h e m i s t r y  D i v i s i o n  and  by C e r r a i  a n d  T e s t a .  7 , 8  



T a b l e  1 2 .  E f f e c t  o f  D i l u e n t  C h o i c e  o n  Arnine E x t r a c t i o n  

o f  Zirconium-Haf  nium 

O r g a n i c :  0 . 1  M_ t r i  ( i s o - o c t y l  ) amine  i n  i n d i c a t e d  d i l u e n t  
Aqueous:  8  hl HC1 c o n t a i n i n g  1 . 4  g / l i t e r  o f  (Z rHf )  o x i d e  

(-1.570 H f )  
C o n t a c t  t i m e :  30 min  

P h a s e  T o t a l  Ox ide  E x t r a c t i o n  S e p a r a t i o n  
R a t i o ,  i n  O r g a n i c  , a  C o e f f  i c i e n t a  (E:) F a c t o r  

D i l u e n t  a / o  g / l i t e r  Z r  Hf (Zr/Hf 
Benzene  1 1 . 0  3 . 4  0 . 1 7  20 

92% benzene--8% 1 0 . 5 1  0 . 6  0 . 0 5  1 2  
t r i d e c a n o l  8  0 . 9 1  0 . 7  0 . 0 8  9  

95% HAN--5% 8  1 . 2  0 . 9  0 . 0 8  11 
t r i d e c a n o l  

927'0 k e r o s e n e - -  1 0 . 6 3  0 . 9  0 . 0 7  1 3  
8% t r i d e c a n o l  gb - - - - 

a 
C a l c u l a t e d  on  basis o f  a n a l y s e s  o f  h e a d  and  f i n a l  a q u e o u s .  

b ~ h i r d  l i q u i d  p h a s e  fo rmed .  
C 

HAN = Heavy A r o m a t i c  Naph tha  ( E s s o ) .  

I n  s t u d i e s  ( T a b l e  1 3 )  o f  t h e  e f f e c t  o f  h y d r o c h l o r i c  a c i d  
c o n c e n t r a t i o n ,  z i r c o n i u m  e x t r a c t i o n  w i t h  t r i  ( i s o - o c t y 1 ) a m i n e  w a s  
e x t r e m e l y  weak f rom 6-7 U HC1 b u t  became a p p r e c i a b l e  (E: = 0 . 7 )  
f rom 8  M_ HC1. The c o e f f i c i e n t s  were 11 and  6  f rom 1 0  M_ and  1 2  M_ 
HC1 r e s p e c t i v e l y .  The hafn ium e x t r a c t i o n  c o e f f i c i e n t  i n c r e a s e d  o v e r  
t h e  t o t a l  r a n g e  (6-12 h!) o f  a c i d  c o n c e n t r a t i o n ,  The n e t  e f f e c t  w a s  
t h a t  t h e  s e p a r a t i o n  f a c t o r  ( Z r / ~ f )  w a s  a t  a maximum n e a r  8 M_ HC1 
a n d  d e c r e a s e d  w i t h  i n c r e a s e  i n  a c i d  c o n c e n t r a t i o n  a b o v e  t h i s  l e v e l .  

I n  tests ( T a b l e  1 4 )  w i t h  o t h e r  a m i n e s ,  e x t r a c t i o n  o f  z i r c o n i u m  
by d i ( t r i d e c y 1 ) a m i n e  ( s e c o n d a r y  amine  w i t h  b r a n c h i n g  d i s t a n t  f rom 
t h e  n i t r o g e n )  w a s  s i g n i f i c a n t  (Eg = 0 . 6 )  f rom 8 M_ HC1 and  s t r o n g  
(Eg = 24)  f rom 1 0  M_ HC1. The s e p a r a t i o n  f a c t o r  ( Z r / ~ f )  w h i c h  w a s  
-15 f rom 8  M_ HC1 d e c r e a s e d  t o  3 .5  f rom 1 0  M_ HC1. A p r i m a r y  amine  
a n d  S-24 amine  ( s e c o n d a r y  w i t h  b r a n c h i n g  c l o s e  t o  t h e  n i t r o g e n )  
showed n e g l i g i b l e  z i r c o n i u m  e x t r a c t i o n  f rom 8  M_ HC1 and  r e l a t i v e l y  
weak e x t r a c t i o n  (E: = 0 . 3 - 0 . 9 )  f rom 1 0  M_ HC1. 

S i n c e  h i g h  h y d r o c h l o r i c  a c i d  c o n c e n t r a t i o n s  are n e e d e d  f o r  
e f f e c t i v e  e x t r a c t i o n  o f  z i r c o n i u m  and  ha fn ium w i t h  amines  , s t r i p -  
p i n g  is e a s i l y  a c c o m p l i s h e d  w i t h  water o r  d i l u t e  h y d r o c h l o r i c  a c i d .  
Measured  c o e f f i c i e n t s  f o r  s t r i p p i n g  z i r c o n i u m  from t r i  ( i s o - o c t y 1 ) -  
amine  w e r e  > l o 0  f o r  b o t h  w a t e r  and  1 g HC1. 



T a b l e  1 3 .  E f f e c t  o f  HC1 C o n c e n t r a t i o n  on Zirconium-Hafnium 
E x t r a c t i o n  

O r g a n i c :  0 . 1  M_ t r i  ( i s o - o c t y 1 ) a m i n e  i n  95% benzene--5% t r i d e c a n o l  
Aqueous: HC1 s o l u t i o n s  c o n t a i n i n g  1 . 4  g / l i t e r  o f  (Z rHf )  o x i d e  

("1.5% Hf )  
C o n t a c t  t i m e :  30 min 

P h a s e  T o t a l  Ox ide  E x t r a c t i o n  S e p a r a t i o n  
H C 1  C o n c . ,  R a t i o ,  i n  O r g a n i c p a  ~ o e f f i c i e n l ? ( ~ ~ )  F a c t o r  

K a /o g / l i t e r  Z r  H f  (Zr/Hf 
6  1 0 . 0 4  b  b  - 

a 
C a l c u l a t e d  o n  b a s i s  o f  a n a l y s e s  o f  head  and  f i n a l  a q u e o u s .  

b ~ m o u n t  of t r a n s f e r  t o o  low t o  g e t  u s e f u l  a n a l y s e s .  

T a b l e  1 4 .  E f f e c t  o f  Amine C h o i c e  o n  E x t r a c t i o n  
o f  Zirconium-Haf  nium 

O r g a n i c :  0 . 1  K amine  i n  b e n z e n e  
Aqueous: 8  M_ o r  1 0  K H C 1  c o n t a i n i n g  1 . 4  g / l i t e r  o f  (Z rHf )  

o x i d e  ("1.5% Hf)  
C o n t a c t  time: 30 min 

P h a s e  T o t a l  Oxide  E x t r a c t i o n  S e p a r a t i o n  
R a t i o ,  i n  o r g a n i c  , a  ~ o e f f  i c i e n e  (E:) F a c t o r  

Amine a / o  g / l i t e r  Z r  Hf (Zr /Hf)  
E x t r a c t i o n s  f rom 8  H C 1  

D i  ( t r i d e c y l )  1 0 . 5 0  0 . 5 8  0 . 0 4  1 4  
8 0 , 8 0  0 . 6 3  0 . 0 4  1 6  

S-24  1 0 . 0 4  0 . 0 3  0 . 0 0 5  6  
8 b  - - - 

E x t r a c t i o n s  f rom 1 0  M - HC1 
D i  ( t r i d e c y l )  1 1 . 3  2 4  6 . 8  

- 

a 
C a l c u l a t e d  on  t h e  b a s i s  o f  a n a l y s e s  o f  t h e  h e a d  and  f i n a l  a q u e o u s .  

b ~ m o u n t  e x t r a c t e d  t o o  low t o  m e a s u r e .  



2 . 2 . 2  E x t r a c t i o n  w i t h  Organophosphorus E s t e r s .  The 
t r i b u t y l  p h o s p h a t e  (TBP) e x t r a c t i o n  p r o c e s s y  is p r e s e n t l y  u s e d  
commerc ia l ly  f o r  s e p a r a t i n g  and r e c o v e r i n g  z i r c o n i u m  and hafnium 
from n i t r i c  a c i d .  A phosphonate  and a phosph ine  ox ide*  were 
b r i e f l y  s t u d i e d  t o  d e t e r m i n e  i f  t h e y  would g i v e  s e p a r a t i o n  
f a c t o r s  h i g h e r  t h a n  t h o s e  o b t a i n e d  w i t h  TBP. These  compounds, 
because  of  t h e i r  h i g h e r  e x t r a c t i o n  power compared t o  TBP, a l l o w  
o p e r a t i o n  w i t h  lower  n i t r a t e  s a l t i n g  i n  t h e  aqueous  p h a s e .  

E x t r a c t i o n s  from N i t r i c  Acid .  E x t r a c t i o n  tes ts  were made 
w i t h  0 . 1  M_ s o l u t i o n s  of  d i amyl  amylphosphonate  (DAAP) and 
t r i  (n-oc t y l  )phosph ine  o x i d e  (TOPO) i n  k e r o s e n e  and benzene  
d i l u e n t s  from s o l u t i o n s  c o n t a i n i n g  1-7 M HNO, and 2-30 grams p e r  
l i t e r  of (Zr/Hf)  o x i d e .  The e x t r a c t i o n  d a t a  were h i g h l y  e r r a t i c  
and t h u s  are n o t  p r e s e n t e d  i n  d e t a i l .  Large  d i f f e r e n c e s  i n  
r e s u l t s  were o b t a i n e d  depend ing  on  t h e  method of  p r e p a r a t i o n  o f  
t h e  aqueous  head  s o l u t i o n .  F o r  example ,  i n  tests w i t h  TOPO, t h e  
z i r c o n i u m  e x t r a c t i o n  c o e f f i c i e n t  was 1-2 o r d e r s  o f  magn i tude  h i g h e r  
*hen e x t r a c t i o n s  were from s o l u t i o n  p r e p a r e d  by d i s s o l v i n g  z i r c o -  
nium n i t r a t e  i n  n i t r i c  a c i d  t h a n  when t h e  s o l u t i o n  w a s  p r e p a r e d  
by p r e c i p i t a t i n g  z i r c o n i u m  w i t h  ammonia from z i r c o n y l  c h l o r i d e  
s o l u t i o n  and r e d i s s o l v i n g  t h e  p r e c i p i t a t e  i n  h o t  n i t r i c  a c i d .  The 
s e p a r a t i o n  f a c t o r s  ( Z r / H f ) , i n  t h e s e  tests v a r i e d  from 2 t o  30 f o r  
TOPO and from 1 0  t o  45 f o r  DAAP, d e p e n d i n g  on  t e s t  c o n d i t i o n s .  
S i n c e  s e p a r a t i o n  f a c t o r s  r e p o r t e d 9  f o r  TBP v a r y  i n  t h i s  a p p r o x i -  
mate  r a n g e  a l s o ,  i t  d o e s  n o t  a p p e a r  t h a t  t h e  u s e  of  t h i s  p a r t i c u l a r  
phosphona te  o r  phosph ine  o x i d e  h a s  any a p p r e c i a b l e  a d v a n t a g e  o v e r  
u s e  of  TBP. A more d e f i n i t i v e  compar i son  of  t h e s e  r e a g e n t s  would 
be  n e c e s s a r y  t o  s u b s t a n t i a t e  t h i s  c o n c l u s i o n .  

E x t r a c t i o n s  from H y d r o c h l o r i c  Acid .  S t r o n g  e x t r a c t i o n  o f  
z i r c o n i u m  w a s  o b t a i n e d  from 3-5 M_ H C 1  w i t h  0 . 1  M_ TOPO i n  k e r o s e n e  
b u t  t h e  s e p a r a t i o n  f a c t o r  (Zr/Hf)  was o n l y  "2.5 (Tab le  1 5 ) .  
E x t r a c t i o n  o f  z i r c o n i u m  w i t h  0 . 1  M_ DAAP from 5  M_ HC1 w a s  weak 
( ~ g  = 0 . 3 5 )  b u t  t h e  measured s e p a r a t i o n  f a c t o r  w a s  h i g h e r  ("12). 
To d e t e r m i n e  t h e  e f f e c t  of  e x t r a c t a n t  c o n c e n t r a t i o n  on z i r c o n i u m  
e x t r a c t i o n ,  some a d d i t i o n a l  t e s t s  were trade w i t h  a 1 . 0  s o l u t i o n  
of  DAAP and z i r c o n y l  c h l o r i d e - - h y d r o c h l o r i c  a c i d  s o l u t i o n s  which 
c o n t a i n e d  no hafn ium.  A c o e f f i c i e n t  of  2 .7  w a s  o b t a i n e d  from 
5  M H C l :  

Z i rconium 
HC1 Conc ' n .  Z r ,  g / l i t e r  E x t r a c t i o n  

bl Organ ic  Aqueous C o e f f i c i e n t  (E:) 
2  < 0 . 1  8 . 9  <O. 0 1  
3  0 .15  8 . 8  0 .02  
4 1 . 3  8 . 3  0 . 1 6  
5  1 0 . 5  3 .9  2 .7  

- 
*The e x t r a c t i o n  of z i r c o n i u m  from a c i d  s o l u t i o n s  w i t h  TOPO h a s  

p r e v i o u s l y  been  s t u d i e d  by White  and R o s s . l 0  



T a b l e  1 5 .  E x t r a c t i o n  from HC1 S o l u t i o n s  w i t h  DAAP and  TOPO 

O r g a n i c :  0 , l  M_ e x t r a c t a n t  i n  k e r o s e n e  
Aqueous: H C l  s o l u t i o n s  c o n t a i n i n g  1 . 2  g / l i t e r  (Zr /Hf)  o x i d e  
P h a s e  r a t i o ,  a /o :  1/1 
C o n t a c t  t i m e :  30 min 

HC 1 T o t a l  Oxide E x t r a c t i o n  S e p a r a t i o n  
C o n c v n .  i n  O r g a n i c ,  C o e f f i c i e n t  (Ea) F a c t o r  

E x t r a c  t a n $  k! g / l i t a r  Z r  Hf (Zr/Hf 

TOP0 1 0 . 1 1  0 . 1 3  0 .05  2 . 6  
3 1.1 34 1 4  2 . 4  
5  1 . 2  a a - 

D AAP 1 < 0 . 0 1  - - - 
3  <O,Ol - - - 
5  0 . 3 5  0 , 3 5  0 , 0 3  1 2  

a  Too l i t t l e  l e f t  i n  aqneous  f o r  a n a l y s i s .  

The a q u e o u s / o r g a n i c  p h a s e  r a t i o  i n  t h e  above  tests  w a s  2 /1  and  
t h e  c o n t a c t  t i m e  was 5  min .  The above  tests s u g g e s t  t h a t  DAAP 
is wor thy  of  f u r t h e r  e x a m i n a t i o n  as a n  e x t r a c t a n t  f o r  p r o c e s s i n g  
c h l o r i d e  s o l u t i o n s  o f  z i r c o n i u m  and  hafn ium.  

2 . 2 . 3  E x t r a c t i o n s  w i t h  Di(2-ethylhexy1)phosphoric Acid 

(D2EHPA) 

From S u l f a t e  S o l u t i o n s ,  I n i t i a l  tests ( r e p o r t e d  i n  ORNL- 
2346)  i n  which t h e  e l e m e n t s  were e x t r a c t e d  from s e p a r a t e  s o l u t i o n s  
w i t h  0 . 1  M_ DZEHPA, showed s t r o n g e r  e x t r a c t i o n  o f  hafn ium t h a n  
z i r c o n i u m ,  t h e  i n d i c a t e d  s e p a r a . t i o n  f a c t o r s  (Hf / Z r )  i n  k e r o s e n e  
and  benzene  d i l u e n t s  r a n g i n g  from 10  t o  >40.  These  h i g h  s e p a r a -  
t i o n  f a c t o r s  were n o t  c o n f i r m e d  i n  l a t e r  tes ts  i n  which t h e  
e l e m e n t s  were e x t r a c t e d  t o g e t h e r  f rom t h e  same s o l u t i o n  w i t h  
DZEHPA i n  k e r o s e n e .  Fhs s e p a r a t i o n  f a c t o r s  (Hf /Zr )  i n  t h e  l a t t e r  
tests were i n  t h e  r a n g e  1 .5 -4 .  

From C h l o r i d e  and  C h l o r i d e - - S u l f a t e  S o l u t i o n s .  Z i r con ium 
w a s  p r e f e r e n t i a l l y  extrZFt=om h y d r o c h l o r i c  a c i d  (1-5 N) w i t h  
DZEHPA b u t  t h e  measu red  s e p a r a t i o n  f a c t o r s  (Zr /Hf)  were low 
( 1 . 5 - 2 . 5 ) .  A d d i t i o n  o f  s u l f a t e  t o  t h e  s y s t e m  r e v e r s e d  t h e  e x t r a c -  
t i o n  o r d e r ,  p r e sumab ly  b e c a u s e  zf rconium is more s t r o n g l y  complexed 
by s u l f a t e  t h a n  is hafn ium.  F o r  example ,  a d d i t i o n  o f  1 , 3 ,  and  5  
mo les  o f  sod ium s u l f a t e  p e r  mole  of  z i r c o n i u m  t o  a 1 @ H C l  s o l u t i o n  
c o n t a i n i n g  - 0 . 2  M_ z i r c o n i u m  i n c r e a s e d  t h e  s e p a r a t i o n  f a c t o r  (Hf /Zr )  
f rom 0 . 6  t o  1 . 5 ,  3 . 4 ,  and  5 . 0  r e s p e c t i v e l y .  I n t e r p r e t a t i o n  o f  
t h e  e x t r a c t i o n  d a t a  w a s  e x t r e m e l y  d i f f i c u l t  b e c a u s e  of  t h e  re la -  
t i v e l y  s l o w  e x t r a c t i o n  i n  t h i s  s y s t e m  and  t h e  s l o w  ra t e  o f  exchange  
be tween  hafnium and  z i r c o n i u m ,  C o n t a c t  times i n  t h e  o r d e r  of  30 
min o r  l o n g e r  were r e q u i r e d  t o  r e a c h  e q u i l i b r i u m .  



3.0  SEPARATION OF RARE EARTHS AND TRANSPLUTONIUMS 

3 . 1  E x t r a c t i o n  of Rare E a r t h s  f rom C h l o r i d e  S o l u t i o n s  by T e r t i a r y  

Amines (A. F a u r e ,  B.  Weaver ,  J .  R.  C o l l i n s )  

P r e v i o u s  s t u d i e s l '  have  shown t h a t  t e r t i a r y  amines  e x t r a c t  
t h e  t r a n s p l u t o n i u m  e l e m e n t s  f rom c o n c e n t r a t e d  c h l o r i d e  s o l u t i o n s  
fa r  more r e a d i l y  t h a n  t h e y  d o  t h e  l a n t h a n i d e  g r o u p  o f  e l e m e n t s .  
A p r o c e s s  based  on t h e s e  s t u d i e s  w i l l  p r o b a b l y  be u s e d  f o r  
s e p a r a t i o n  o f  t h e  two g r o u p s  o f  e l e m e n t s  i n  t h e  p r o d u c t i o n  o f  
" l a r g e "  q u a n t i t i e s  o f  t h e  t r a n s p l u t o n i u m s .  The o r i g i n a l  i n v e s t i -  
g a t i o n  gave  m o s t  a t t e n t i o n  t o  amer ic ium and  europium as examples  
o f  t h e  g r o u p s .  The i n d i v i d u a l  l a n t h a n i d e s  were s t u d i e d  o n l y  
s u f f i c i e n t l y  t o  f i n d  t h a t  d i f f e r e n c e s  w i t h i n  t h i s  g r o u p  were v e r y  
small compared t o  t h e  d i f f e r e n c e  be tween  t h e  two g r o u p s .  

T h i s  r e p o r t  c o v e r s  f u r t h e r  p r o g r e s s  i n  a s t u d y  o f  t h e  b e h a v i o r  
o f  s e v e r a l  l a n t h a n i d e s  i n  e x t r a c t i o n  by amines .  The s t u d y  h a s  
a l s o  been  e x t e n d e d  t o  i n c l u d e  t h e  o t h e r  I I I A  e l e m e n t s ,  y t t r i u m  
a n d  s c a n d i u m ,  t h e  l a t t e r  o n l y  v e r y  b r i e f l y .  E x p e r i m e n t s  were 
pe r fo rmed  t o  d e t e r m i n e  t h e  e x t r a c t a b i l i t y  o f  e a c h  o f  t h e  e l e m e n t s  
from 11 N LiC1,  0 . 0 1  HC1 and  from 8  g LiC1,  2  B AlCl,  by a f ew 
d i f f e r e n t  t e r t i a r y  amines  i n  a few d i f f e r e n t  d i l u e n t s .  €!ompar- 
i s o n s  were made o f  t h e  e x t r a c t a b i l i t i e s  of  e a c h  of  t h e  l a n t h a n i d e s  
w i t h  y t t r i u m  u n d e r  g i v e n  c o n d i t i o n s .  The e f f e c t s  o f  r e a g e n t  
c o n c e n t r a t i o n  and  s a l t  c o n c e n t r a t i o n  were d e t e r m i n e d  f o r  some of 
t h e  e x t r a c t a n t s .  

1 4 4  3 . 1 . 1  E x p e r i m e n t a l .  A p p r o p r i a t e  a l i q u o t s  o f  t r a c e r  Ce , 
~ ~ ~ 5 2 ,  ~ b 1 6 0 ,  ~ 0 1 6 6 ,  ~ m 1 7 0 ,  ~ ~ 1 7 7 ,  ~ 9 1 ,  and  ~ c 4 6  were e v a p o r a t e d  
t o  n e a r  d r y n e s s  i n  s m a l l  b e a k e r s  and  t ake r ,  u p  by 1 0  m l  vo lumes  
o f  t h e  s a l t  s o l u t i o n  u s e d .  The s p i k e d  s o l u t i o n  w a s  c o n t a c t e d  w i t h  
am e q u a l  volume o f  t h e  d i l u t e d  amine c h l o r i d e  by v i g o r o u s  s h a k i n g  
by hand or by 1 8  m i n u t e s  of  machine  s h a k i n g  ol- t u r n i n g .  P h a s e s  
were  s e p a r a t e d  a f t e r  s e t t l i n g ,  and  t h e  gamma a c t i v i t y  i n  a 2  m l  
a l i q u o t  of  e a c h  p h a s e  w a s  measured  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 .  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 c t i v i t y  i n  o r g a n i c  ) /  ( a c -  
t i v i t y  i n  a q u e o u s ) .  Some r e s u l t s  w e r e  c h e c k e d  by backwash ing  
w i t h  a s imi la r  a q u e o u s .  F o r  t h e  f i r s t  ex e r i m e n t s  t h e  o n l y  
t racers  a v a i l a b l e  were c e 1 4 4 ,  ~ ~ 1 5 2 ,  T b l b f j ,  ~ o ~ ~ ~ ~  and  y 9 1 .  
Gamma a c t i v i t y  i n  t h e  y 9 1  w a s  low b e c a u s e  o n l y  0.270 o f  t h e  d i s -  
i n t e g r a t i o n s  r o d u c e  gammas. The s u p p l y  o f  7?b160 w a s  s m a l l ,  a n d  
t h e  23 h r  Holg6 s o o n  d e c a y e d .  L a t e r  new s u p p l i e s  o f  ~ 0 1 6 6 ,  ~ m ~ ~ ~ ,  
and  Lu 17' w e r e  o b t a i n e d  and  u s e d ,  w h i l e  ~ b 1 6 0  was o m i t t e d .  The 
s c 4 6  w a s  o b t a i n e d  still  l a t e r  and  u s e d  by i t s e l f  f o r  a series of 
e x p e r i m e n t s ,  The e x t r e m e l y  h i g h  dependence  o f  e x t r a c t i o n  on s a l t  
c o n c e n t r a t i o n  was c a u s e  f o r  some d i s c r e p a n c i e s  be tween  series o f  
e x p e r i m e n t s  t h a t  were pe r fo rmed  a t  d i f f e r e n t  times. 

E x t r a c t a ~ t s  u s e d  w e r e  t r i a l k y l a m i n e  (mixed o c t y l  a n d  d e c y l ,  
Alamine 3 3 6 ) ,  t r i i s o o c t y  1 amine (TIOA) , and  n - b u t y l d i d o d e c e n y l -  
amine (XE-204). D i l u e n t s  were d i e t h y l b e n z e n e  (DEB), d i i s o p r o p y l -  
benzene  (DIP%),  and  Amsco 125-82 m o d i f i e d  w i t h  t r i d e c y l  a l c o h o l  



(TDA). The amines  were c o n v e r t e d  t o  c h l o r i d e s  by c o n t a c t i n g  
t h e i r  s o l u t i o n s  w i t h  2  K HC1 a n d  washed 3  times w i t h  2 N L i C l  
t o  remove excess a c i d .  

3 . 1 . 2  R e l a t i v e  E x t r a c t i o n  o f  V a r i o u s  E l e m e n t 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  f o r  e x t r a c t i o n  o f  v a r i o u s  l a n t h a n i d e s  f rom 11 N LiC1,  
0 . 0 1  N HC1 by v a r i o u s  a m i n e - d i l u e n t  c o m b i n a t i o n s  h a v e  b e e n  
compared w i t h  t h o s e  o f  y t t r i u m  u n d e r  t h e  same c o n d i t i o n s .  The 
d a t a  are p l o t t e d  i n  F i g .  5 ,  where  t h e  e x t r a c t a b i l i t y  o f  y t t r i u m  
is a s s i g n e d  a n  a r b i t r a r y  v a l u e  o f  1 i n  e a c h  case. The r e m a r k a b l e  
f a c t  is t h a t  i n  a l l  cases s t u d i e d  y t t r i u m  was c o n s i d e r a b l y  less 
e x t r a c t a b l e  t h a n  any  o f  t h e  l a n t h a n i d e s .  The o r d e r  o f  e x t r a c t i o n  
o f  t h e  l a n t h a n i d e s  v a r i e d  w i t h  t h e  c o m p o s i t i o n  o f  b o t h  e x t r a c t a n t  
a n d  s a l t  s o l u t i o n ,  b u t  eu rop ium was a t  t h e  p e a k  i n  a l l  o f  t h e s e  
cases. 

E x t r a c t i o n  o f  l a n t h a n i d e s  from 8  N LiC1,  2  N AlCl,  by mos t  
b u t  n o t  a l l  e x t r a c t a n t s  s t u d i e d  i n c r e a s e d  w i t h  a t o m i c  number 
( F i g .  6 ) .  D i f f e r e n c e s  w i t h i n  t h e  g r o u p  and  f rom y t t r i u m  w e r e  
smaller t h a n  i n  e x t r a c t i o n s  f rom 11 N LiC1 ,  0 . 0 1  N HC1. 

3 . 1 . 3  R e a g e n t  C o n c e n t r a t i o n  Dependence .  P r e v i o u s  work 
h a d  shown t h a t  e x t r a c t i o n  o f  amer i c ium a n d  eu rop ium w a s  a p p r o x i -  
m a t e l y  p r o p o r t i o n a l  t o  t h e  s q u a r e  o f  t h e  r e a g e n t  c o n c e n t r a t i o n  
u n d e r  mos t  c o n d i t i o n s ;  v a l u e s  v a r y i n g  f rom 1 . 4  t o  2 . 2  were 
o b t a i n e d  f o r  t h e  power dependence .  A c c u r a t e  d e t e r m i n a t i o n  o f  
dependence  o f  e x t r a c t i o n  on  r e a g e n t  c o n c e n t r a t i o n  is d i f f i c u l t  
when low r e a g e n t  c o n c e n t r a t i o n s  are u s e d ,  b e c a u s e  o f  t h e  v e r y  
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  o f  t h i s  who le  g r o u p  o f  e l e m e n t s .  
R e c e n t l y  however  e x t r a c t i o n s  o f  t h i s  series o f  e l e m e n t s  f rom 
11 N LiC1,  0 , 0 1  N HC1 by XE-204 have  b e e n  compared  a t  c o n c e n -  
t r a t i o n s  o f  0 , l  @, 0 , 5  M s  a n d  1 , O  U r e a g e n t .  The d a t a  are i n  
T a b l e  1 6 .  The o v e r a l l  power d e p e n d e n c e  w a s  "2.0 f o r  y t t r i u m  and  
t h e  h e a v i e r  l a n t h a n i d e s  but a p p a r e n t l y  somewhat h i g h e r  f o r  t h e  
l i g h t e r  l a n t h a n i d e s .  Thus t h e  s e p a r a t i o n s  be tween  t h e  l i g h t e r  
e l e m e n t s  a n d  y t t r i u m  a p p a r e n t l y  i n c r e a s e  a t  h i g h e r  r e a g e n t  concen -  
t r a t i o n s .  From t h e  very l i m i t e d  e v i d e n c e  i n  F i g u r e  7  i t  is 
s u g g e s t e d  t h a t  t h s  power  d e p e n d e n c e  m i g h t  b e  s l i g h t l y  h i g h e r  
be tween  0 . 5  U a n d  1 . 0  M t h a n  be tween  0 . 1  M_ and  0 , 5  M_ r e a g e n t .  

T a b l e  1 6 .  E x t r a c t i o n  Dependence o n  R e a g e n t  C o n c e n t r a t i o n  

XE-284 i n  DIPB; 11 N LiC1 ,  0 . 0 1  N HC1 

Power E% (U) E ~ ( M )  
E: Dependence EW E E ( y )  

0 . 1  @ 0 . 5  M_ 1 . 0  M_ 1 n y 0 . 1  bJ 0 . 1  M_ 1 . 0  M_ 

Ce 0 . 0 0 5 1  0 . 1 4 1  0 . 7 9  2 .16  5 . 1  7 . 3  
Eu 0 .0053  0 . 1 8 3  0 , 9 9  2 . 2 0  5 . 3  8 . 9  
H o  0 .0033  8 . 0 7 8  0 , 3 8  2 .02  3 . 3  3 . 6  
Tm 0 . 0 0 3 1  0 . 0 6 7  0 . 3 4  2 .00  3 . 1  3 . 3  
Lu 0 .0031  0 . 0 6 1  0 .30  1 . 9 5  3 . 1  3 .0  
Y 0 . 0 0 0 9 8  0 .0228  0 . 1 1 4  1 . 9 8  - - 
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3 . 1 . 4  E f f e c t s  of  M o d i f i e r s .  S o l u t i o n s  of  t h e  f o r e g o i n g  
amines  i n  a l i p h a t i c  d i l u e n t s  d i v i d e  i n t o  two o r g a n i c  p h a s e s  on 
c o n v e r s i o n  t o  c h l o r i d e s  u n l e s s  t h e y  a r e  m o d i f i e d  by a small amount 
o f  some o t h e r  s o l v e n t ,  s u c h  as a hkavy a l c o h o l .  IL t h e  d e t e r m i -  
n a t i o n  o f  r e a g e n t  c o n c e n t r a t i o n  dependence  o f  americium and 
europium e x t r a c t i o n ,  t h e  q u e s t i o n  a r o s e  as t o  w h e t h e r  a  ser ies  
o f  s a m p l e s  o f  d i l u t e d  r e a g e n t  s h o u l d  c o n t a i n  m o d i f i e r  and amine 
i n  c o n s t a n t  r a t i o  o r  m o d i f i e r  and d i l u e n t  i n  c o n s t a n t  r a t i o .  I n  
t h e  f o r m e r  case t h e  m o d i f i e r  would be c o n s i d e r e d  p a r t  o f  t h e  
r e a g e n t ,  i n  t h e  l a t t e r  c a s e  p a r t  o f  t h e  d i l u e n t .  T h i s  q u e s t i o n  
w a s  r e s o l v e d  i n  f a v o r  o f  t h e  fo rmer  by t h r e e  e x p e r i m e n t s  w i t h  
europium e x t r a c t i o n .  Fo r  t h e s e  e x p e r i m e n t s  a 1 . 0  M_ TIOA b a s e  
s o l u t i o n  w a s  p r e p a r e d ,  c o n t a i n i n g  10% w/v TDA as m o d i f i e r .  The 
d i l u e n t  u sed  was DIPB, and t h e  f i n a l  s o l u t i o n  c o n t a i n e d  32% w/v 
DIPB. I n  t h e  f i r s t  e x p e r i m e n t  d i l u t i o n s  w e r e  made t o  0 . 5  M, 
0 .2  K and 0 . 1  M amine w i t h  more DIPB, (modif i e r / a m i n e  c o n s t a n t ) .  
I n  t h e  s e c o n d  e x p e r i m e n t  t h e  d i l u e n t  w a s  1 0 %  w/v TDA i n  DIPB 
( m o d i f i e r  c o n c e n t r a t i o n  c o n s t a n t ) .  I n  t h e  t h i r d  e x p e r i m e n t  t h e  
d i l u e n t  w a s  a m i x t u r e  of 10  p a r t s  TDA and 32 p a r t s  DIPB 
(modif i e r / d i l u e n t  c o n s t a n t ) .  

In  o n l y  t h e  f i r s t  case was t h e r e  a r e c t i l i n e a r  r e l a t i o n s h i p ,  
w i t h  e x t r a c t i o n  p r o p o r t i o n a l  t o  t h e  1 . 9  power o f  r e a g e n t  concen-  
t r a t i o n  ( F i g .  8 ) .  When t h e  m o d i f i e r  c o n c e n t r a t i o n  w a s  c o n s t a n t ,  
t h e  c u r v e  was much s t e e p e r  i n  t h e  u p p e r  r a n g e  o f  amine concen-  
t r a t i o n .  When t h e  m o d i f i e r  t o  d i l u e n t  r a t i o  remained  c o n s t a n t ,  
i t  had a s t i l l  g r e a t e r  e f f e c t  a t  h i g h  amine c o n c e n t r a t i o n  b u t  
a p p e a r e d  t o  i n c r e a s e  e x t r a c t i o n  a t  v e r y  low amine c o n c e n t r a t i o n .  
A test  o f  t h e  e x t r a c t a b i l i t y  o f  europium by p u r e  TDA from 11 N 
LiC1,  0 . 0 1  K HC1 gave  a c o e f f i c i e n t  o f  0 .0017.  T h i s  is s l i g h t l y  
h i g h e r  t h a n  t h a t  f o r  0 . 1  K TIOA i n  DIPB w i t h  10% TDA. 

The c o n c l u s i o n  is t h a t  i n  t h i s  s y s t e m ,  t h e  m o d i f i e r  mus t  be 
c o n s i d e r e d  as p a r t  o f  t h e  r e a g e n t  and  t h e  r a t i o  o f  m o d i f i e r  t o  
amine must  be  k e p t  c o n s t a n t  i n  r e a g e n t  c o n c e n t r a t i o n  e x p e r i m e n t s .  
However,  i n  p r a c t i c e  w i t h  a l i p h a t i c  d i l u e n t s ,  a t h i r d  p h a s e  may 
be produced  a t  h i g h  d i l u t i o n .  T h i s  h a s  been o b s e r v e d  i n  a t  
l e a s t  one  case. I n  s u c h  c a s e s  t h e  o r i g i n a l  m o d i f i e r  c o n c e n t r a t i o n  
mus t  be  h i g h  enough t o  p e r m i t  d i l u t i o n  w i t h o u t  i n c o m p a t i b i l i t y .  
A s u b j e c t  o f  i n t e r e s t  f o r  f u r t h e r  s t u d y  w i t h  v a r i o u s  e x t r a c t i o n  
s y s t e m s  based  on a l i p h a t i c  d i l u e n t s  is t h e  r e l a t i o n  o f  r e a g e n t  
c o n c e n t r a t i o n  t o  minimum c o n c e n t r a t i o n s  of  m o d i f i e r s  r e q u i r e d  f o r  
p h a s e  s t a b i l i t y .  

3 . 1 . 5  S a l t  C o n c e n t r a t i o n  Dependence. P r e v i o u s  work showed 
t h a t  e x t r a c t i o n  of  americium by t h e  amines  tes ted w a s  p r o p o r t i o n a l  
t o  a b o u t  t h e  1 8 t h  power o f  t h e  s a l t  c o n c e n t r a t i o n  between 7 N and 
11 N c h l o r i d e  as p u r e  L i C l  o r  mixed LiC1-AlC1, . E x t r a c t i o n s  of 
europium and y t t r i u m  by TIOA i n  DIPB and  of  eu rop ium,  y t t r i u m ,  and  
scandium by Alamine 336 i n  DIPB from c o n c e n t r a t e d  L i C l  have  been  
s t u d i e d  r e c e n t l y .  With 0 . 8  M_ TIOA i n  DIPB, e x t r a c t i o n  o f  europium 
was p r o p o r t i o n a l  t o  a b o u t  t h e  2 4 t h  power o f  t h e  s a l t  c o n c e n t r a t i o n  
between 9 .5  and  12  N_ L i C l  ( F i g .  9 ) .  E x t r a c t i o n  o f  y t t r i u m  was 
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Fig. 8. Reagent-modifier-diluent relationship base extractant: 
1 M TlOA + 10 w/v % TDA in DIPB. 
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p r o p o r t i o n a l  t o  t h e  1 6 t h  power o f  t h e  c h l o r i d e  c o n c e n t r a t i o n .  
An 0 . 8  M_ s o l u t i o n  o f  Alamine 336 i n  DIPB showed a n o n - r e c t i l i n e a r  
e f f e c t  w i t h  a n  o v e r a l l  power dependence  o f  22.6 f o r  europium and 
1 2 . 2  f o r  y t t r i u m  ( F i g .  1 0 ) .  E x t r a c t i o n  o f  scandium by t h e  same 
r e a g e n t  was more complex w i t h  a mean power dependence  o f  -19 
o v e r  t h e  r a n g e  o f  8  N t o  12  N LiC1. The i n d i c a t e d  p o s s i b l e  
s e p a r a t i o n  between europium and y t t r i u m  i n c r e a s e d  w i t h  c h l o r i d e  
c o n c e n t r a t i o n ,  w h i l e  t h a t  be tween scandium and Guropium d e c r e a s e d  
and  r e v e r s e d  a t  v e r y  h i g h  c h l o r i d e  c o n c e n t r a t i o n s .  A t  l o w e r  
c o n c e n t r a t i o n s  scandium b e h a v i o r  w a s  p a r a l l e l  t o  t h a t  o f  y t t r i u m ,  
Scandium b e h a v i o r  a t  h i g h  c h l o r i d e  c o n c e n t r a t i o n s  a p p e a r s  t o  be  
c o n t r a r y  t o  t h e  u s u a l  b e h a v i o r  o f  t h i s  e l e m e n t ,  which o r d i n a r i l y  
h a s  c h e m i c a l  p r o p e r t i e s  d i f f e r e n t  i n  magn i tude  from t h o s e  o f  any 
o f  t h e  l a n t h a n i d e  series.  

3 . 1 . 6  O t h e r  Scandium E x t r a c t i o n s .  Scandium was e x t r a c t e d  
from 11 K L i C l  and  from 8  K LiC1,  2  K AlCl, by TIOA, XE-204 and  
Alamine 336 i n  DIPB, I t  w a s  p r e d i c t e d  t h a t  e x t r a c t i o n  o f  
scandium would be  lower  t h a n  t h a t  o f  y t t r i u m ,  i n  c o n t i n u a t i o n  o f  
t h e  series:  t r a n s p l u t o n i u m s  >> l a n t h a n i d e s  > y t t r i u m .  On t h e  
c o n t r a r y ,  scandium e x t r a c t i o n s  i n  t h e  few s y s t e m s  s t u d i e d  w e r e  
comparab le  t o  o r  g r e a t e r  t h a n  t h o s e  o f  europium ( T a b l e  1 7 ) .  Even 
more n o t e w o r t h y  were t h e  v e r y  h i g h  e x t r a c t i o n s  from 8  K LiC1,  
2  K AlC1, , which w e r e  comparable  t o  o r  g r e a t e r  t h a n  t h o s e  o f  
amer ic ium.  The i n f l u e n c e  o f  aluminum on  t h i s  e x t r a c t i o n  was t e s t e d  
by e x t r a c t i o n  w i t h  0 . 8  M Alamine 336 i n  DIPB from 8  N AlC1,. The 
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  0 . 2 3 ,  which is -20 times t h a t  f rom 
8  N LiC1. 

T a b l e  1 7 .  E x t r a c t i o n  of  Scandium 

DIPB D i l u e n t  

Eg 
Reagent  11 N LiC1,  0 . 0 1  K HC1 8  N L i C l ,  2 N AlC1, 

0 . 8  kL TIOA 1 . 9 7  
0 . 8  M Alamine 336 0 . 4 1  
1 . 0  M XE-204 0 . 5 3  

3 . 1 . 7  D i s c u s s i o n  o f  Y t t r i u m  E x t r a c t i o n  Data. The r e l a t i v e  
i n e x t r a c t a b i l i t y  o f  y t t r i u m  w i t h  r e s p e c t  $0 t h e  whole series o f  
l a n t h a n i d e s  is u n i q u e  i n  t h e  a u t h o r s 1  knowledge.  I n  a l l  o t h e r  
known e x t r a c t i o n  s y s t e m s ,  y t t r i u m  b e h a v e s  as though  i t  were a n  
e l e m e n t  be tween holmium and t h u l i u m .  S o l u b i l i t i e s  of  y t t r i u m  s a l t s  
f a l l  w i t h i n  t h e  same o r  a n a r r o w e r  r a n g e  o f  e l e m e n t s .  The r e l a t i o n -  
s h i p  o f  y t t r i u m  t o  t h e  l a n t h a n i d e s  i n  b a s i c  p r e c i p i t a t i o n s  v a r i e s  
w i t h  s a l t  c o n c e n t r a t i o n ,  b u t  y t t r i u m  n e v e r  p r e c d p i t a t e s  a h e a d  o f  
n o r  b e h i n d  t h e  whole l a n t h a n i d e  series.  The e l u t i o n  p o s i t i o n s  o f  
y t t r i u m  i n  a  v a r i e t y  o f  i o n  exchange  s y s t e m s  are a l l  be tween 
g a d o l i n i u m  and e r b i u m .  
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Fig. 10. Extraction dependence on LiCl concentration. 



The u n i q u e  b e h a v i o r  o f  y t t r i u m  i n  amine c h l o r i d e  e x t r a c t i o n s ,  
w i t h  a minimum s e p a r a t i o n  f a c t o r  o f  -2 .5  from t h e  l e a s t  e x t r a c t -  
a b l e  l a n t h a n i d e ,  s u g g e s t s  a p p l i c a t i o n s  o f  t h i s  s e p a r a t i o n  s y s t e m .  
T h e r e  may b e  o t h e r  a m i n e - d i l u e n t  c o m p o s i t i o n s  s t i l l  more f a v o r -  
a b l e  t o  s e p a r a t i o n .  An o b v i o u s  d i s a d v a n t a g e  is low c a p a c i t y ,  
r e s u l t i n g  from l o a d i n g  r e s t r i c t i o n s  w i t h  d i l u t e  amines  and  low 
s o l u b i l i t y  o f  rare e a r t h  c h l o r i d e s  i n  c o n c e n t r a t e d  LiC:1. 
Moreover  t h e  v e r y  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  o f  e v e n  t h e  
l a n t h a n i d e s  would r e q u i r e  u n f a v o r a b l y  h i g h  o r g a n i c / a q u e o u s  p h a s e  
r a t i o s .  P r o b a b l y  t h e  mos t  l i k e l y  a p p l i c a t i o n  would be i n  s p e c i a l  
r a d i o c h e m i c a l  s e p a r a t i o n s .  The r e s u l t s  i n  t h i s  p r e s e n t  s t u d y  do 
d e m o n s t r a t e  t h a t  i n  t h e  p l a n n e d  a p p l i c a t i o n  o f  amine c h l o r i d e  
e x t r a c t i o n  t o  t r a n s p l u t o n i u m  p u r i f i c a t i o n  f i s s i o n - p r o d u c t  y t t r i u m  
w i l l  b e  removed e v e n  more t h o r o u g h l y  t h a n  t h e  1 a n t h a n i . d e s .  

The wide v a r i e t y  o f  r e s u l t s  o b t a i n e d  from e x t r a c t i o n  u n d e r  
t h e  v a r i o u s  c o n d i t i o n s  s t u d i e d  i n d i c a t e  t h a t  r e l i a b l e  p r e d i c t i o n s  
c a n n o t  be  made r e g a r d i n g  t h e  b e h a v i o r  o f  l a n t h a n i d e s  o r  y t t r i u m  
i n  any o t h e r  s e t  o f  c o n d i t i o n s .  T h i s  f a c t  is i l l u s t r a t e d  by t h e  
d i f f e r e n c e s  i n  o r d e r  and  magn i tude  of  e x t r a c t a b i l i t i e s  by s u c h  
s l i g h t l y  d i f f e r e n t  amines  as TIOA and  Alamine 336 i n  t h e  same 
d i l u e n t .  I n  t h e  p r e v i o u s  work o n  s e p a r a t i o n  be tween  t h e  t r a n s -  
p l u t o n i u m  and l a n t h a n i d e  g r o u p s ,  a n e a r l y  c o n s t a n t  s e p a r a t i o n  
f a c t o r  o f  100-130 w a s  o b t a i n e d  between amer ic ium and  eu rop ium 
u n d e r  a g r e a t  v a r i e t y  o f  c o n d i t i o n s .  The p r e s e n t l y  o b s e r v e d  wide  
d i v e r s i t y  o f  r e s u l t s  w i t h  t h e  o t h e r  l a n g h a n i d e s  i n d i c a t e s  t h a t  i f  
one  o f  them had  been  u s e d  as t h e  r e p r e s e n t a t i v e  o f  t h e  g r o u p ,  t h e  
s e p a r a t i o n  f a c t o r s  o b t a i n e d  would n o t  have  been  n e a r l y  s o  c o n s t a n t .  
A c o r r e l a r y  c o n c l u s i o n  c a n  be  made t h a t  t h e  c o m p a r i s o n  of  t r a n s -  
p l u t o n i u m  e l e m e n t s ,  which  h a s  been  l i m i t e d  t o  e x t r a c t i o n  by 
Alamine 336 i n  d i e t h y l b e n z e n e ,  s h o u l d  be  e x t e n d e d  t o  e x t r a c t i o n  
by o t h e r  a m i n e - d i l u e n t  c o m p o s i t i o n s .  T h e r e  m i g h t  be d i f f e r e n t  
o r d e r s  and  m a g n i t u d e s  o f  e x t r a c t i o n  more f a v o r a b l e  t o  s e p a r a t i o n s  
w i t h i n  t h i s  g r o u p .  

The s h o r t  s u r v e y  o f  scandium e x t r a c t i o n  i n d i c a t e s  a n  e v e n  
w i d e r  d i v e r s i t y  o f  b e h a v i o r  t h a n  t h a t  shown by t h e  l a n t h a n i d e s  
and  y t t r i u m ,  T h e r e  is no  o b v i o u s  c o r r e l a t i o n  o f  t h i s  c h e m i s t r y  
w i t h  p o s i t i o n  i n  t h e  p e r i o d i c  s y s t e m .  

3 . 2  E x t r a c t i o n  o f  Rare E a r t h s  from T h i o c y a n a t e  S o l u t i o n s  by 

Amines (A. F a u r e  and B .  Weaver) 

A b r i e f  s u r v e y  w a s  made o f  e x t r a c t i o n  of  amer i c ium,  e u r o p i u m ,  
and  y t t r i u m  by t e r t i a r y  amines  and  a s e c o n d a r y  amine f rom t h i o -  
c y a n a t e  s o l u t i o n s ,  i n  which rare e a r t h s  are h i g h l y  complexed .  
E x t r a c t i o n s  were a l l  v e r y  small ( T a b l e  1 8 ) .  
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T a b l e  1 8 .  E x t r a c t i o n s  by Amines from T h i o c g a n a t e  S o l u t i o n s  

Organ ic  Aaueous Y Eu Am 
- -  - - 

0 . 8  Alamine 336 
c h l o r i d e  i n  DIPB 

0 . 8  M_ Alamine 336 
s u l f a t e  i n  DIPB 

0 . 8  M Alamine 336 
s u l f a t e  i n  DIPB 

0 . 8  M Alamine 336 
s u l f a t e  i n  DIPB 

0 . 8  M Alamine 336 
s u T f a t e  i n  DIPB 

1070 TIOA t h i o c y a n a t e  
i n  x y l e n e  

0 . 8  LA-1 t h i o c y a n a t e  
i n  x y l e n e  

M_ N H 4 S C N 9  0 .0005 0 .0015 
0 . 0 1  K H C l  

4 . 0  FISS ION PRODUCT RECOVERY 

4 . 1  E x t r a c t i o n  o f  N i t r i c  Acid and I r o n  S u l f a t e  from Purex  1 W W  

S o l u t i o n  (D. J.  C r o u s e )  

The e x t r a c t i o n  o f  n i t r i c  a c i d  and i r o n  s u l f a t e  f rom Purex  
1 W W  s o l u t i o n  w i t h  amines  is b e i n g  s t u d i e d  as a means o f  p r o d u c i n g  
a f e e d  s o l u t i o n  h i g h l y  amenable  t o  s t r o n t i u m  and  ces ium r e c o v e r y  
by s o l v e n t  e x t r a c t i o n .  I n  p r e l i m i n a r y  tests w i t h  a p r i m a r y  m i n e  
(Primene JM) , a p p r o x i m a t e l y  9070 o f  t h e  n i t r a t e  and i r o n  and a 
m a j o r  p o r t i o n  o f  t h e  s u l f a t e  were removed from s y n t h e t i c  Purex  
1 W W  s o l u t i o n  i n  a s i n g l e  c o n t a c t .  

I n  t h e  process12  deve loped  f o r  r e c o v e r y  o f  s t r o n t i u m  from 
Purex  waste by e x t r a c t i o n  w i t h  d i  (2-ethylhexy1)phosphoric a c i d ,  
t h e  aqueous f e e d  s o l u t i o n  is a d j u s t e d  w i t h  c a u s t i c  t o  pH 4-5 
p r i o r  t o  e x t r a c t i o n .  To a v o i d  p r e c i p i t a t i o n  o f  i r o n  a t  t h i s  pH, 
sodium t a r t r a t e  ( o r  c i t r a t e  , ace ta te ,  e t c .  ) is added ,  a p p r o x i m a t e l y  
2  moles  o f  t a r t r a t e  p e r  mole o f  i r o n  b e i n g  r e q u i r e d  t o  g i v e  a 
s t a b l e  f e e d .  S i n c e  t h e  Purex  1 W W  s o l u t i o n  u s u a l l y  c o n t a i n s  -4 M_ 
HNO, and 0 . 5  M_ F e ,  t h e  sodium added i n  t h e  f e e d  a d j u s t m e n t  s t e p  
is a b o u t  10  times t h a t  p r e s e n t  (-0.6 K) i n  t h e  o r i g i n a l  1 W W  
s o l u t i o n .  The added  sodium competes  f o r  t h e  e x t r a c t a n t ,  a p p r e -  
c i a b l y  d e c r e a s i n g  b o t h  t h e  s t r o n t i u m  e x t r a c t i o n  c o e f f i c i e n t  and 
t h e  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 .  The r e a g e n t s  b e i n g  s t u d i e d 1 3  
as ces ium e x t r a c t a n t s  r e q u i r e  s imilar  a d j u s t m e n t  o f  t h e  f e e d  p r i o r  
t o  t h e  e x t r a c t i o n  s t e p ,  I n  t h i s  case, l i m i t i n g  t h e  sodium 



c o m p e t i t i o n  is o f  e v e n  g r e a t e r  p o t e n t i a l  a d v a n t a g e  t h a n  i n  t h e  
case of  s t r o n t i u m ,  s i n c e  ces ium e x t r a c t i o n  c o e f f i c i e n t s  are 
r e l a t i v e l y  low. 

E x t r a c t i o n  o f  n i t r i c  a c i d  and i r o n  s u l f a t e  w a s  s t u d i e d  by 
c o n t a c t i n g  "0.2 M Primene J'M i n  Amsco 123-15 d i l u e n t  w i t h  
s y n t h e t i c  Purex  1 W W  s o l u t i o n  a t  v a r i o u s  o r g a n i c / a q u e o u s  p h a s e  
r a t i o s  r a n g i n g  from 10  t o  26. To a v o i d  e x c e s s i v e  pH r i s e  a t  
p h a s e  r a t i o s  h i g h e r  t h a n  20 ,  where t h e  amine added  would be 
g r e a t e r  t h a n  t h e  e q u i v a l e n t  amount o f  f r e e  a c i d  i n  t h e  1 W W  s o l u -  
t i o n ,  a p o r t i o n  o f  t h e  amine was u s e d  i n  t h e  form o f  t h e  s u l f a t e  
s a l t .  A s  shown i n  F i g u r e  11, a t  t h e  lower  o r g a n i c / a q u e o u s  p h a s e  
r a t i o s ,  o n l y  n i t r i c  a c i d  and a small amount o f  s u l f u r i c  a c i d  were 
e x t r a c t e d .  F o r  example ,  a t  a p h a s e  r a t i o  o f  1 5 / 1 ,  e x t r a c t i o n s  o f  
n i t r a t e ,  s u l f a t e ,  and  i r o n  were 75 ,  9 ,  and <1% r e s p e c t i v e l y .  A t  
t h e  h i g h e s t  p h a s e  r a t i o  t e s t e d  ( 2 6 / 1 ) ,  95% o f  t h e  n i t r a t e ,  88% 
o f  t h e  i r o n ,  and 58% o f  t h e  s u l f a t e  were e x t r a c t e d .  More c o m p l e t e  
e x t r a c t i o n  c o u l d ,  o f  c o u r s e ,  be  o b t a i n e d  a t  h i g h e r  p h a s e  r a t i o s .  
Phase  s e p a r a t i o n  w a s  r a p i d  i n  a l l  tes ts .  

S i n c e  Pr imene  J'M h a s  a h i g h  (-25%) i n i t i a l  s o l u b i l i t y  l o s s  
(owing t o  t h e  p r e s e n c e  o f  low m o l e c u l a r  w e i g h t  a m i n e s )  t o  aqueous  
l i q u o r s ,  t h e  amine w a s  s c r u b b e d  w i t h  d i l u t e  s u l f u r i c  a c i d ,  re- 
c o n v e r t e d  t o  t h e  f r e e  b a s e  fo rm,  and  d i l u t e d  t o  t h e  d e s i r e d  
c o n c e n t r a t i o n  p r i o r  t o  u s e .  The s y n t h e t i c  P u r e x  1 W W  s o l u t i o n  
u s e d  i n  t h e  above  tests c o n t a i n e d  i n  m o l e s / l i t e r ,  4 . 0  H + ,  0 . 5  
F e ( I I I ) ,  0 .6  N a ,  0 . 1  A l ,  0 . 0 1  C r ,  0 . 0 1  N i ,  0 . 0 1  U ,  4 . 4 5  N O 3 ,  and  
1 . 0  SO4. 

Thus f a r  no tests have  been  made on s t r i p p i n g  t h e  n i t r a t e ,  
s u l f a t e  and i r o n  from t h e  amine.  A b a s i c  s t r i p  (NaOH, Na,C03 ) 
would be r e q u i r e d  t o  c o n v e r t  t h e  amine t o  t h e  f r e e  amine form 
f o r  r e c y c l e .  From t h e  c h e m i c a l  s t a n d p o i n t  t h e r e  is no  q u e s t i o n  
t h a t  c o n t a c t  w i t h  e x c e s s  base would e f f e c t i v e l y  r e g e n e r a t e  t h e  
amine.  However, i t  s t i l l  mus t  be  d e m o n s t r a t e d  t h a t  t h i s  s t e p  c a n  
be a c c o m p l i s h e d  w i t h o u t  t h e  f o r m a t i o n  o f  t r o u b l e s o m e  e m u l s i o n s  due 
t o  p r e c i p i t a t i o n  o f  i r o n  (and p r o b a b l y  o t h e r  m e t a l s )  i n  t h e  s t r i p -  
p i n g  s y s t e m .  

I n  a d d i t i o n  t o  r e d u c i n g  t h e  s a l t  c o n t e n t  o f  t h e  Purex  1 W W  
s o l u t i o n  b e f o r e  s t r o n t i u m  and ces ium e x t r a c t i o n ,  amine e x t r a c t i o n  
s h o u l d  a l s o  remove s e v e r a l  f i s s i o n  p r o d u c t  and t r a n s u r a n i u m  
e l e m e n t s .  F o r  example ,  u n d e r  p r o p e r  c o n d i t i o n s ,  e f f e c t i v e  r emova l  
o f  rare e a r t h s ,  z i r c o n i u m  (and  p o s s i b l y  n i o b i u m ) ,  plu- tonium , 
t e c h n e t i u m ,  and p o s s i b l y  o t h e r  r a d i o n u c l i d e s  would be e x p e c t e d ,  
whereas  s t r o n t i u m  and ces ium s h o u l d  r ema in  i n  t h e  aqueous  p h a s e .  
C o n d i t i o n s  c o u l d  p r o b a b l y  be  c o n t r o l l e d  s o  t h a t  t h e  rare e a r t h s  
c o u l d  be  l e f t  w i t h  t h e  s t r o n t i u m - c e s i u m  stream when d e s i r e d .  



PHASE RAT1 0, organic/aqueous 

Fig. 11. Extraction of nitric acid and ferric sulfate from syn- 
thetic Purex IWW solution. Organic: - 0.2 M Primene JM i n  
Amsco 123-15 (at phase ratios of 22, 24, and 26 respectively, 9, 
17, and 25% of the total amine was converted to the sulfate salt 
form prior to testing). Contact time: 5 min. 
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