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EXTRACTION CHROMATOCRAPIIIC REMOVAL OF Np A N D  Pu D U R I N G  TIIK 

REPROCESSING OF SPENT Th-lJ FUEL 

U .  W e n z e l ,  E .  Merz ,  G .  Ki t t e r  
I n s t i t u t e  of C h e m i c a l  T e c h n o l o g y  

N u c l e a r  R e s e a r c h  CenLcr  Jiil i c h  
P .  0 .  Box 1 9 1 3 ,  5170 J G l i c h ,  Germany 

ARSTPACT 

Spe.nt h i g h  e n r i c h e d  U-Th m i x e d  o x i d e  f u e l s  c o n t a i n  s m a l l  
a m o u n t s  o f  t h e  a c t i n i d e s  Np a n d  P u .  A l t h o u g h  t h e s e  e l e m e n t s  
c a n n o t  b e  e c o n o m i c a l l y  r e c o v e r e d  f o r  f u e l  v a l u e ,  c u r r e n t  f u e l  
c y c l e  and w a s t e  t r e a t m e n t  c o n c e p t s  t e n d  t o  r e q u i r e  t h a t  
p r o c e s s e s  h e  d e v e l o p e d  t o  i n c l u d e  b o t h  e l e m e n t s  i n  o n e  o f  t h e  
T h o r e x  r e p r o c e s s i n g  e r f l u e n t  streams. C h r o m a t o g r a p h i c  s e p a r a t i o n  
i s  d e s c r i b e d  AS A method t o  i s o l a t e  Pu a n d  Np f o r  s u b s e q u e n t  
d i s p o s a l .  

INTRODUCTION 

S p e n t  T h - c o n t a i n i n g  f u e l  o f  t h e  HEIJ-type ( H i g h l y  E n r i c h e d  

~______ 

~ Uranium)  c o n t a i n s  s m a l l  a m o u n t s  o f  Np a n d  P u .  

a r e  v a l u e l e s s  c o m p o n e n t s  d u e  t o  t h e i r  q u a n t i t y  a n d  i s o t o p i c  

c o m p o s i t i o n .  However ,  t h e y  are r a t h e r  h a z a r d o u s  r a d i o t o x i c  

ma te r i a l s ,  a n d  t h e r e f o r e  t h e  r e c y c l i n g  o f  N p  a n d  Pu t h r o u g h  a 

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

i n  a f i n a l  was te  r e p o s i t o r y .  

B o t h  t h e s e  a c t i n i d e s  

The  d i s p o s a l  of Np a n d  Pu i s  f a r i l i t a t e d  i f  t h e s e  e l e m e n t s  

c a n  b e  combined  i n t o  a s i n g l e  p r o c e s s  e n d  stream, e i t h e r  i n  t h e  

waste  f o r  f i n a l  s t o r a g e  a f t e r  waste  t r e a t m e n t ,  o r  i n  t h e  u r a n i u m  

p r o d u c t  t o r  r e c y c l i n g  t h r o u g h  t h e  r e a c t o r ,  o r  i n  t h e  t h o r i u m  

7 3 3  
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7 34 WENZEL, MERZ, AND RITTER 

s t r e a m ,  f o r  t h e  i s o l a t i o n  of Np and Pu and subsequen t  r e c y c l i n g  

th rough  t h e  r e a c t o r .  

Under t h e s e  p r e m i s e s ,  t h e  r e p r o c e s s i n g  of  s p e n t  Th-U f u e l  was 

i n v e s t i g a t e d  w i t h  r e g a r d  t o  t h e  chemica l  b e h a v i o r  o f  Np and Pu .  

In a d d i t i o n ,  a s e p a r a t i o n  method w a s  deve loped  which can h e  used 

w i t h o u t  s i g n i f i c a n t  m o d i f i c a t i o n  t o  p u r i f y  e a c h  o f  t h e  r e p r o c e s s i n g  

end streams from Np and P u .  

SIMULTANEOUS REMOVAL OF Np AND Pu I N  THE COURSE OF REPROCESSING 

The two-cycle  Thorex -p rocess  w a s  u sed  as  t h e  r e f e r e n c e  sclieme 

f o r  t h e  r e p r o c e s s i n g  o f  T h - c o n t a i n i n g  f u e l .  T h i s  p r o c e s s  c o n s i s t s  

o f  two s t a g e s :  ( 1 )  d e c o n t a m i n a t i o n  w i t h  a s i m u l t a n e o u s  e x t r a c t i o n  

and b a c k e x t r a c t i o n  o f  Th and U ,  and s e p a r a t i o n  from t h e  h u l k  of  

t h e  f i s s i o n  p r o d u c t s ,  and ( 2 )  an e x t r a c t i o n - p a r t i t i o n  s t a g e  w i t h  

a s i m u l t a n e o u s  e x t r a c t i o n  o f  t h e  heavy metals fo l lowed  by s e l e c t i v e  

b a c k e x t r a c t i o n s  of  Th and U .  The p r o c e s s  i s  d i s c o n t i n u o u s  between 

t h e  two s t a g e s .  

The Np and Pu a r e  d i s t r i b u t e d  t h r o u g h o u t  t h e  r e p r o c e s s i n g  end 

streams s i n c e  t h e y  are  p r e s e n t  i n  t h e  f eed  s o l u t i o n  as  n o n - e x t r a c t a b l e  

K p ( V )  and as e x t r a c t a b l e  Pu(V1) s p e c i e s .  Whi l e  Np e n d s  up q u a n t i t -  

i t a t i v e l y  i n  t h e  waste, Pu a p p e a r s  i n  t h e  p r o d u c t  streams (90Z i n  

t h e  tho r ium p r o d u c t  and 10% i n  t h e  uranium p r o d u c t ) .  Th i5  u n f a v o r a h l e  

b e h a v i o r  can  he  s imply  a l t e r e d  by s t a b i l i z i n g  t h o s e  o x i d a t i o n  

s t a t e s  of Pu and Np which e x h i b i t  s u i t a b l e  e x t r a c t a b i l i t i e s ,  o r  by 

p r e p a r i n g  n o n - e x t r a c t a b l e  a c t i n i d e  complexes ( 1 ) .  With t h e s e  

m o d i f i c a t i o n s ,  b o t h  a c t i n i d e s  c a n  be combined i n  e i t h e r  one o f  t h e  

r e p r o c e s s i n g  end streams e x c e p t  t h e  uranium p r o d u c t  stream. F u r t h e r  

t r e a t m e n t  t h e n  depends  on t h e  c o n t e p i  s e l e c t e d  f o r  t h e i r  f i n a l  

d i q p o s a l .  A l t e r n a t i v e  schemes f o r  t h e  removal  and subsequen t  

d i q p o s a l  o f  t h e s e  a c t i n i d e s  are p r e s e n t e d  i n  F i g .  1. 

Removal of  Np and P u  f o r  D i r e c t  F i n a l  S t o r a g e  

Neptunium and p lu ton ium w i l l  have  no i n f l u e n c e  on a l r e a d y -  

t e s t e d  w a s t e  management p r o c e d u r e s  ( d e n i t r a t i o n ,  c a l c i n a t i o n ,  
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REMOVAL OF Np AND PU IN SPENT Th-U FUEL 

Oxidation Coii iplcxation I 
Oxidation 
Oxidation 

Oxidation -, 
Reduction- 

I 

Incineration bea fn i cn t  

FIGURE 1. A l t e r n a t i v e  schemes f o r  a c t i n i d e  removal and d i s p o s a  

735 

1. 

v i t r i f i c a t i o n ) ,  s i n c e  t h e i r  c o n c e n t r a t i o n s  a r e  compara t ive ly  s m a l l .  

Without changes i n  t h e  Thorex f l o w s h e e t ,  t h e  f i r s t  f eed  s o l u t i o n  

c o n t a i n s  Np(V) and Pu(1V) .  Consequen t ly ,  Np ends  up i n  t h e  was te  

s t r e a m  o f  t h e  f i r s t  e x t r a c t i o n  c y c l e ,  w h i l e  Pu accompanies t h e  

heavy m e t a l s  and c a n  be withdrawn i n  t h e  aqueous waste of t h e  

second e x t r a c t i o n  c y c l e  by a p p l y i n g  r e d u c i n g  a g e n t s .  Thus,  i t  

may be  combined w i t h  Np (ha tched  a r row i n  F i g .  1 ) .  

C o e x t r a c t i o n  of  Np and Pu f o r  t h e  D i r e c t  Recyc l ing  Through a 
High Temperature ,  Gas-Cooled Nuc lea r  Reac to r  (HTR) 

A c t i n i d e  s e p a r a t i o n  i s  n o t  n e c e s s a r y  i f  h o t  r e f a b r i c a t i o n  o f  

t h e  t o t a l  heavy metal (Th + U )  i s  assumed. Np and Pu can be  

o x i d i z e d  w i t h  V03- t o  a n  e x t r a c t a b l e  s p e c i e s  d u r i n g  b o t h  

c o e x t r a c t i o n  s t e p s  ( c r o s s h a t c h e d  arrow i n  F i g .  1) and d i s t r i b u t e d  

between t h e  Th- and U-product s t r e a m s .  

I s o l a t i o n  of Np and Pu f o r  Recyc l ing  

4 

In c a s e  a p a r t i a l  h o t  r e f a b r i c a t i o n  of t h e  r ecove red  heavy 

m e t a l s  i s  d e s i r e d ,  Np and Pu must be  i s o l a t e d  and hence combined 
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736 WENZEL, MERZ, AND RITTER 

q u a i  t i t a t  i ~ e l y  i n  a s i n g l e  p r o c e s s  stream. Presumab ly ,  i s o  ].at i o n  

O F  t h e  Pu from t h e  t h o r i u m  p r o d u c t  would h e  n e c e s s a r y  i f  t h e  

ivered t h o r i u m  i s  t o  hc r e f a b r i c a t e d  i n  a n  u n s l i i e l d e d  f a c i l i t y  

iiTt?r an  i n t e r m e d i a t e  s t o r a g e  t i m e .  The same is t r u e  i f  t h e  

immedia te  d i s p o s a l  o f  t h e  t h o r i u m  i s  s o u g h t ,  w i t h o u t  a p p l y i n g  

c x t r n  s t r i n g e n t  measure:: f o r  t h o r i u m  s t o r a g e .  A s  a c o n s e q u e n c e ,  

tlie s t a r t i n g  s o l u t i o n s  f-or a n  a c t i n i d e  s e p a r a t i c i n  a r e  r e s t r i c t e d  

t o  tlie f o l l o w i n g  p r o c e s s  streams : 

Fuel s o l u t i o n  ( t h i n  f u l l  a r r o w  i n  F i g .  1). The s e p a r a t i o n  

o f  t l ie a c t i n i d e s  t a k e s  p l .ace  b e f o r e  t h e  a c t u a l  p a r t i t i o n i n g  o f  the 

i u d  c o n s t i t u e n t s ,  i . e . ,  b e f o r e  e n t e r i n g  t h e  e x t r a c t i o n  f l o w s h e e t .  

T h e  h i g h  f i s s i o n  product.  d o s e  r a t e ,  however ,  i s  a g r e a t  d i s a d v a n t a g e  

Waste -. 1 ( t h i n  b r o k e n  a r r o w ) .  The c o m b i n a t i o n  of  t h e  a c t i n i d e s  

i n  the w a s t e  s t r e a m  has a l r e a d y  been  d i s c u s s e d .  The h i g h  d o s e  r a t e  

c o m p l i c a t e s  t h e  s e p a r a t i o n  i n  t h i s  c a s e  a l so .  

l 'h-U .- stream __ ( s o l i d  a r r o w ) .  S t a b i l i z e d  as  e x t r a c t a b l e  compounds 

[V03--oxida t ion  d u r i n g  t h e  f i r s t  c y c l e  c o e x t r a c t i o n )  , t h e  a c t i n i d e s  

accompany t h e  heavy m e t a l s  a n d  c a n  b e  s e p a r a t e d  f rom t h e  i n t e r -  

mcdicite p r o d u c t  s t ream tnf t h e  f i r s t  c y c l e .  The a d v a n t a g e s  are t h a t  

t l i i s  s t r e a m  Iias a low f i s s i o n  p r o d u c t  c o n c e n t r a t i o n ,  and  t h a t  t h e  

Thorex -p rocess  is d i s c o n t i n u o u s  h e r e .  However, t h e  i n s e r t i o n  o f  a 

new component i n t o  an e s t a b l i s h e d  p r o c e s s  f Low s h e e t  p o s e s  

c om13 1 i cat i. on s . 

4 

__ Waste __-. 11 . (open a r r o w ) .  A f t e r  co- and  b a c k e x t r a c t i o n  o f  t!ie 

a c t i n i d e s  i n  t h e  €irst  c y c l e ,  Np is reduced  t o  n o n - e x t r a c t a b l e  

N p ( V )  by NOx formed d u r i n g  t h e  p r o c e s s .  Pu c a n  h e  r e t a i n e d  i n  

t h e  aqueous  phase w i t h  a complexing  a g e n t ,  s u c h  as c i t r i c  a c i d ,  

which  must n o t  i n t e r f e r e  w i t h  t h e  T h / U - c o e x t r a c t i o n .  T h i s  s t r e a m  

has a ].ow f i s s i o n  p r o d u c t  c o n t e n t  and  i t s  use a s  a s t a r t i n g  s o l u t i o n  

f o r  t h e  a c t i n i d e  s e p a r a t i o n  w i l l  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  

Thorcx  f l o w s h e e t .  I t  s h o u l d  b e  n o t e d ,  however ,  t h a t  t h e  f e a s i b i l i t y  

o f  t h i s  p r o c e s s  v a r i a n t  mus t  s t i l l  b e  p r o v e n  by  m i x e r - s e t t l e r  

e x p e r i m e n t s .  
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REMOVAL OF Np AND PU I N  SPENT Th-U FUEL 737 

P rov ided  Np and Pu C J I I  bc  combined i n  w a s t e  11, tliis s t r e a m  

i s  t h e  most 5 u i t a b l e  s t a r t i n g  s o l u t i o n  € o r  the s e p a r a t i o n ;  o t l i e r w i s c ,  

t h e  TIi-U stream may be cho5en .  

A f t e r  s e p a r a t i o n ,  t h e  Np and Pu can  b e  recombined w i t h  any 

f i s s i l e  m a t e r i a l  f o r  t h e  r c f a b r i c ' l t i o n  p r o c e s s ;  t h i s  a d d i t i o n  

s h o u l d  n o t  have  any  d e l e t e r i o u 5  e f i e r t s  on t h e  r e f a b r i c a t i o n .  

The i so1 , i t ed  t r a n s u r a n i u m  e l e m e n t s  may a l s o  h e  used  a s  s t a r t i n g  

mater ia l  f o r  i n c i n e r a t i o n  i n  a f a s t  b r e e d e r  r e a c t o r ,  o r  i n  r e c e n t l y  

deve loped  h i g h  f l u x  l r r n d i n t l o n  f a c i l i t i e s .  

SEPARATIOAENp A N D  Pu FROM THE REPROCESSING END STREAMS 

Np and Pu i s o t o p e s  e x e r t  a s i g n i f i c a n t  i n f l u e n c e  on t h e  

pe r fo rmance  of Lhe Th-lJ f u e l  c y c l e ,  a l t h o u g h  t h e y  a r e  o n l y  present 

i n  t r a c e  q u a n t i t i e s .  They are  s e p a r a t e d  from t h e  s p e n t  f u e l  

s o l u t i o n s  ma in ly  t o  p u r i f y  t h e  r e p r o c e s s i n g  end s t r e a m \ ,  and  not 

f o r  t h e i r  r e c o v e r y  as s p e c i e s  of v a l u e .  For  t h i s  p u r p o s e ,  methods  

w i t h  a h i g h  s e p a r a t i o n  power are  p r e f e r r e d  o v e r  t h o s e  w i t h  a h i g h  

s e p a r a t i o n  c a p a c i t y .  T h e r e f o r e ,  a n  e x t r a c t i o n  chromato j i rap l r ic  

p r o c e d u r e  was chosen  t o  i s o l a t e  t h e s e  t w o  a c t i n i d e s .  

S e p a r a t i o n  System 

T e t r a v a l e n t  a c t i n i d e s  c a n  b e  e a s i l y  e x t r a c t e d  f rom HNO - 3 
s o l u t i o n s  by  t e r t i a r y  a m i n e s .  

t r i o c t y l  amine) i s  po lymer i zed  i n t o  p o l y s t y r e n e  ( 2 )  and combined 

w i t h  t h e  m a t r i x  t o  form t h e  s e p a r a t i o n  compound ( T e w e x t r e l  t y p e ) .  

The d i s t r i b u t i o n  c o e f f i c i e n t s  (K ) of  t h e  a c t i n i d e s  a r c  n e a r l v  D 
i n d e p e n d e n t  of a c i d  c o n c e n t r a t i o n  i n  t h e  r a n g e  f rom 2 g HNO 

h 

t h e  c h a r a c t e r i s t i c s  of t h e  L e w e x t r e l  r e s i n  i s  p r e s e n t e d  i n  T a b l e  2 .  

The c h r o m a t o g r a p h i c  s u p p o r t  d o e s  n o t  show any  s y n e r g i s t i c  e f f e c t  

o n  t h e  s e p a r a t i o n .  

The s o v l e n t  ( h l a m i n e  33fiR, 1.95% 

3 t o  
H N 0 3 ;  t h e s e  c o e f f i c i e n t s  are compi led  i n  T a b l e  1, whereas  
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738 WENZEL, MERZ, AND RITTER 

TABLE 1 

A c t i n i d e  D i s t r i b u t i o n  C o e f f i c i e n t s  i n  t h e  System TOA/2 H N 0 3  

KD 
Aqueous phase  Th (IV) U(V1) NP (IV) Pu (IV) 

I n f i n i t e  
d i l u t i o n  2 00 < o .  01  4600 19.000 

30 g Th/L 
3 6 UfL 1 . 3  <o. 0 1  110 520 

TABLE 2 

C h a r a c t e r i s t i c s  of  t h e  Lewextrel-TOA R e s i n  

__----- 
Composition (we igh t  X )  37.5% t r i o c t y I  amine;  2 3 . 4 %  d i v i n y l  

D e n s i t y  0 .96 g/cm 

Grain s i z e  <0.1 mm 

benzene ;  39.1% s t y r e n e  
3 

Average p o r o s i t y  47% 

Capac i ty  0.15 mmol/ml r e s i n  

T h i s  s e p a r a t i o n  sys t em e n a b l e s  t h e  p u r i f i c a t i o n  of a l l  Thorex- 

r e p r o c e s s i n g  end s t r e a m s  from Np and Pu and r e q u i r e s  o n l y  s m a l l  

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

S e p a r a t i o n  Un i t  

Column o p e r a t i o n  depends on t h e  c a p a c i t y  o f  t h e  r e s i n  b e d ,  t h e  

d e s i r e d  d e c o n t a m i n a t i o n  f a c t o r s  (DK) o f  t h e  p u r i f i e d  s o l u t i o n ,  and 

t h e  l o a d i n g  t i m e .  A s  a f i r s t  a p p r o x i m a t i o n ,  t h e  d e c o n t a m i n a t i o n  

f a c t o r s  and t h e  t o t a l  e f f l u e n t  volume a r e  a f u n c t i o n  o n l y  o f  t h e  

c o n c e n t r a t i o n  c o f  t h e  s e p a r a t e d  component i n  t h e  column e f f l u e n t  

a t  a g i v e n  column volume ( F i g .  2). 
The o v e r a l l  column c a p a c i t y  canno t  b e  e x p l o i t e d  e n t i r e l y  t o  

o b t a i n  a p a r t i c u l a r  DK v a l u e  s i n c e  t h e  s e p a r a t i o n  h a s  t o  b e  
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FIGURE 2 .  D i s c o n t i n u a n c e  r a t i o  DR(=V / V  ) and d e c o n t a m i n a t i o n  
f a c t o r s  (DK) o f  a ch romatograph ic  s e p a r a t i o n  column 
as a f u n c t i o n  o f  e f f l u e n t  c o n c e n t r a t i o n  cu and number 
o f  t h e o r e t i c a l  p l a t e s ,  N .  The c o n c e n t r a t i o n  of  f e e d  
i s  d e s i g n a t e d  co ;  Vu i s  t h e  t o t a l  e f f l u e n t  volume a t  
i n i t i a l  b r e a k t h r o u g h  and VD t h a t  f o r  which c 

u D  

= 0.5 c . 

d i s c o n t i n u e d  a t  t h a t  c o n c e n t r a t i o n  which c o r r e s p o n d s  t o  t h e  

p a r t i c u l a r  DK v a l u e .  The h i g h e s t  DK v a l u e  o b t a i n e d  by one - s t age  

column s e p a r a t i o n  i s  de te rmined  by t h e  d e t e c t i o n  l i m i t  o f  t h e  

a n a l y t i c a l  method u s e d .  The d e c o n t a m i n a t i o n  f a c t o r s  can o n l y  be 

improved by u s i n g  a two-s t age  s e p a r a t i o n  u n i t ,  w i t h  t h e  d e t e c t o r  

between b o t h  s t a g e s .  

The q u a n t i t y  o f  t h e  r e s i n  i s  de te rmined  by t h e  f eed  s o l u t i o n  

volume which must be  t r e a t e d  j n  a s i n g l e  o p e r a t i o n .  The column 

d imens ions  can b e  c a l c u l a t e d  w i t h  t h e  a i d  o f  t h e  e q u a t i o n s  of  

v a n  Deemter ( 3 )  and P o i s e u l l e  ( 4 )  ( F i g .  3 ) .  T h u s  t h e  column 

l e n g t h  2, t h e  l i n e a r  v e l o c i t y  2, and t h e  r e s i d e n c e  t i m e  5 can  b e  
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7 4 0  WENZEL, MERZ, AND RITTER 

I I A 1  I 

I 
A ,  z 2. l u  I P O I S E U L L E I  

KO 

1 = 3 0 H E T P = 3 C i A + C u I  

( v a n  DEEMTER I 

I - 
U 

8 16 2L 32 4 5 6 
i [ c m l  -- t [ m t n l  - 

FIC.lrKE 3. O p e r a t i o n a l  c r i t e r i a  of a ch romatograph ic  column. 
1)  = v i s c o s i t y ;  KO = p e r m e a b i l i t y ;  A ,  C = van  D c t m t e r  
tcrnis; Ap = p r e q s u r e  d i f f e r e n c e  between head and end 

o p i i m i z e d .  ?lie degrcidnt i o n  of  t h e  r e s i n  by  r a d i o l y s i s  and 

niec-li,inical S t  r a i n  i s  t aken  i n t o  c o n s i d e r a t i o n  when t h e  column i s  

1, i c k ( , d .  

Sc. par R t ion P r o  c e s s 

r x t r a c t j o n  chromatograpliy i s  a d i s c o n t i n u o u s  p r o c e s s  and 

c ' n n s i s t s  of  the f o l l o w i n g  s t e p s :  (1) p r e p a r a t i o n  o f  t h e  column t o  

o b t a i n  s u i t a h l e  s e p a r a t i o n  c o n d i t i o n s ;  ( 2 )  f e e d  a d j u s t m e n t  o f  t h e  

5 t n r t i n g  s o l u t i o n ;  (3) s o r p t i o n  of Np and P u  on t h e  ch romatograph ic  

co l i imn;  ( 4 )  d e s o r p t i o n  of  Np and Pu from t h e  ch romatograph ic  

column; a n d  ( 5 )  r e g e n e r a t i o n  of  the  column. T h e  ch romatograph ic  

removal of N p  and Pu was t e s t e d  i n  g l o v e  boxes and w i l l  b e  employed 

i n  9 s m ~ l l  ~ i ~ m i t e c l i n i c a l  hot  c e l l  f a c i l i t y  which i s  p r c s e n t l y  

i indcr c o n s t r u c t i o n  ( F i g .  4 ) .  The s t a r t i n g  s o l u t i o n  (Th-U 
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7 4 2  WENZEL, MERZ , AND RITTER 

I Compressive 
1 Unit 

FICURE 5 .  P r o c e s s  m o n i t o r i n g  o f  a c h r o m a t o g r a p h i c  s e p a r a t i o n  
co lumn.  

i n t e r m e d i a t e  p r o d u c t  s t r e a m  f rom n u c l e a r  fuel r e p r o c e s s i n g )  i s  

b r o u g h t  insidex t h e  h o t  c e l l  i n  a t r a n s p o r t  c o n t a i n e r  and pumped i n t o  

t h e  f e e d  t a n k .  Feed a d j u s t m e n t  i s  pe r fo rmed  by a d d i n g  c o n c e n t r a t e d  

n i t r i c  a c i d  t h r o u g h  t h e  c h e m i c a l  r e a g e n t  s u p p l y  t u b e  f rom a c o n t a i n e r  

l t l c a t e d  o u t s i d e  t h e  c e l l .  

Pu w i t h  NOx; b o t h  a c t i n i d e s  can  b e  s t a b i l i z e d  s i m u l t a n e o u s l y  i n  t h e  

t e t r d v a l e n t  s t a t e  by  a Fe 

c o m p o s i t i o n  ( 5 , h ) .  S u b s e o u e n t l y ,  t h e  f e e d  s o l u t i o n  passes t h r o u g h  

t h e  column where  Np and Pu a r e  a b s o r b e d  on t h e  r e s i n  and t h e  

p u r i f i e d  Th-U s t r e a m  i s  c o l l e c t e d  i n  t h e  p r o d u c t  t a n k .  Np and Pu 

are e l u t e d  from t h e  column w i t h  0 .1  g HN03/0.1 _M c i t r i c  a c i d .  

which  i s  added  t h r o u g h  t h e  c h e m i c a l  r e a g e n t  s u p p l y  t u h e ,  and  

Np i s  s t a b i l i z e d  w i t h  Fe(NH2S03)*, and 

/re3' m i x t u r e  o f  a d e f i n i t e  
2 f  
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REMOVAL OF Np AND PU IN SPENT Th-U FUEL 7 4 3  

collected in the Np-Pu tank. The waste solutions are removed from 

the hot cell in the transport container. 

Monitoring of the Process 

Since it is discontinuous, the chromatographic process can 

only be monitored by determining the concentration of the separated 

component in the column effluent. For this purpose alpha counters 

with semiconductor detectors or solid scintillators are used, 

although a polarographic method is now under development. The chemical 

analysis is combined with flow rate measurements to monitor the 

total separation process (Fig. 5 ) .  The process is interrupted by 

the control circuit CoIRC 

- Controller) which switches off the pump when the concentration 

limit has been reached. The flow is regulated by the control 

circuit FIRC- (Flow Indicator Recorder Controller). Leakages 
and the resulting liquid losses are detected by the control circuit 

AFIC- (Differential Flow Indicator Controller) which switches off 

the pump at an upper and lower limit of the flow rate difference. 

Lastly, dislocations and obstructions in the resin bed are 

detected by the circuit VC 

pump off if the voltage of the pump is increased or decreased. 

+ (Concentration Indicator Recorder 

+ 

+ 

+ (Voltage Controller) which turns the 
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