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APPLICATION OF EXTRACTION CHROMATOGRAPHY TO THE RECOVERY OF NEPTUNIUM, 

PLUTONIUM AND AMERICIUM FROM AN INDUSTRIAL WASTE 

C .  Madic, C .  K e r t e s z ,  R. Son tag ,  and G. Koehly 
Commissar ia t  2 1 ' E n e r g i e  Atomique 

C e n t r e  d ' E t u d e s  N u c l g a i r e s  
BP N o .  6 ,  92260 Fontenay a u x  Roses,  F rance  

ABSTRACT 

A p i l o t  s c a l e  i n v e s t i g a t i o n  w a s  made t o  e v a l u a t e  t h e  p o s s i b l e  
a p p l i c a t i o n  of t h e  e x t r a c t i o n  ch romatograph ic  method (LLC) t o  t h e  
p a r t i t i o n i n g  o f  a l p h a  emitters from l i q u i d  wastes c o n t a i n i n g  
t r a c e s  of t r ansu ran ium e l e m e n t s .  A s econdary  pu rpose  w a s  t o  o b t a i n  
p u r e  Am02, which i s  used  t o  p roduce  a l p h a ,  gamma, and n e u t r o n  
s o u r c e s .  

The p r o c e s s  developed f o r  "alpha p a r t i t i o n i n g "  c o n s i s t s  
e s s e n t i a l l y  o f  t h e  e x t r a c t i o n  o f  macro amounts o f  uranium w i t h  
30% TBP i n  dodecane i n  m i x e r - s e t t l e r s ,  t h e n  c o e x t r a c t i o n  of  
Np-237, Pu-239, and Am-241 by LLC on a macro column f i l l e d  w i t h  
di-n-hexyl-octoxy-methyl-phosphine o x i d e  (POX.11) adso rbed  on a n  
i n e r t  s u p p o r t .  I n  each  r u n  a b o u t  200 l i t e r s  of  i n i t i a l  w a s t e  
are decontaminated of  a l p h a  emitters. The l o a d i n g  s t e p  i s  
fo l lowed  by s e l e c t i v e  e l u t i o n  of americium, neptunium, and 
p lu ton ium.  

The americium e l u a t e  i s  t h e n  s u b j e c t e d  t o  t h e  f o l l o w i n g  
o p e r a t i o n s :  (1) s e p a r a t i o n  of Am from Fe and  Cd by LLC on a TBP 
column and (2 )  s e p a r a t i o n  of Am from l a n t h a n i d e  t r a c e s  by LLC 
on a n  HD(DiBM)P column a f t e r  o x i d a t i o n  of Am(II1) t o  hm(V1). 
The Am i n  t h e  e l u a t e  i s  s u b s e q u e n t l y  r educed  t o  A m ( 1 I T )  and 
p r e c i p i t a t e d  a s  o x a l a t e  w i t h  o x a l i c  a c i d .  
f i l t e r e d  and c a l c i n e d  t o  y i e l d  p u r e  Am02 .  

The o x a l a t e  i s  t h e n  
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746 MADIC ET AL. 

INTRODUCTION _____~_ - 

T l i r  p r o c e s s  which i s  d e s c r i b e d  i n  t h i s  r e p o r t  i s  p a r t  of  t h e  

i r i a t  a 1 ' E n e r g i e  Atomique (CEA) r e s e a r c h  program on t h e  

~ 1 . i m i n a t i o i i  o f  a l p h a - e m i t t i n g  n u c l i d e s  f rom n u c l e a r  f u e l  

r e p r o c e s s i n g  p l a n t  wastes.  The p r o (  - h a s  two o b j e c t i v e s :  (1 )  

t n  produce an e f f l u e n t  which i s  f r e e  from a l p h a  emi t t e r s ,  and  ( 2 )  

t o  r e c o v e r  va1uabl.e t r a n s u r a n i u m  e l e m e n t s  s u c h  a s  neptunium, 

1) 1 u t on i um , and amer i c  i um . 
The p r o c e s s  which h a s  been deve loped  was a p p l i e d  t o  t h e  

t rc ' i tment  o f  a real "Masurca" l i q u i d  waste .  

voliime, c o n t a i n s  abou t  400 g of  amer i c ium,  200 g o f  p lu ton ium,  

and 600 g o f  neptunium i n  a m a t r i x  c o i i s i s t i n g  p r i m a r i l y  o f  cadmium, 

uranium, and i r o n .  'l'hc compos i t ion  o f  the Masurca s o l u t i o n  i s  

g i v c n  in ' i 'abli~ 1 .  

T h i s  waste ,  4 m3 i n  

Column e x t r a c . t i o n  chromatography a p p e a r s  to  b e  a n  a t t r a c t i v e  

rnetliod f o r  t h e  s e p a r a t i o n  o f  t r a c e  q u a n t i t i e s  of  t r a n s u r a n i u m  

e l e m e n t s .  T t  p r o v i d e s  a h i g h  c o n c e n t r a t i o n  f a c t o r ,  and  i s  

c o m p a t i b l e  w i t h  h o t  c e l l  o p e r a t i o n s .  Fu r the rmore ,  a chromato- 

TABLE 1 

Composi t ion of  "Masurca" S o l u t i o n  

__ 
-_ Element C o n c e n t r a t i o n  ( g / L )  A c t i v i t y  (mCi/L) 

l i  1 2  - 
NP 0.18 - 
Pu 0.07  - 
Am 0.108 - 
FC! 11.1 - 
Cd 35.4 - 
N i  1 .01  - 
C r  1 . 6  - 
Ce-144 - 0.28 
Ru-106 - 1 . 3 4  
CS-137 - 9 . 1  

A l l  f i s s i o n  p r o d u c t s  10 .7  
f r e e  H N 0 3  1.1 N 
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NEPTUNIUM, PLUTONIUM, AND AMERICIUM 747  

g r a p h i c  column i s  a s i m p l e  u n i t ;  i t  can  be  e a s i l y  s c a l e d  from 

l a b o r a t o r y  usage  t o  i n d u s t r i a l  o p e r a t i o n .  

Because t h e  Masurca s o l u t i o n  h a s  a h i g h  uranium c o n c e n t r a t i o n ,  

t h e  f i r s t  s t e p  c o n s i s t e d  of c o u n t e r - c u r r e n t  l i q u i d - l i q u i d  

e x t r a c t i o n  p r i o r  t o  t r e a t m e n t  on a ch romatograph ic  column, i n  

o r d e r  t o  a v o i d  uranium s a t u r a t i o n  o f  t h e  e x t r a c t a n t ,  which would 

d e c r e a s e  t h e  c a p a c i t y  o f  t h e  column r e l a t i v e  t o  t h e  o t h e r  

t r a n s u r a n i u m  e l e m e n t s .  

column i s  c a r r i e d  o u t ,  on t h e  s o l u t i o n  f r e e  o f  uranium. The 

r a f f i n a t e  o b t a i n e d  e x h i b i t s  a l p h a  a r t i v i t y  c o m p a t i b l e  w i t h  an  

a c c e p t a b l e  release l i m i t  (1 mg/L 24 'Am). 

neptunium, p lu ton ium,  and americium are r e c o v e r e d .  The americium 

i s  p u r i f i e d  by supp lemen ta ry  e x t r a c t i o n  ch romatograph ic  c y c l e s .  

I t  i s  t h e n  c o n v e r t e d  t o  t h e  d i o x i d e ,  which can be  used  t o  p roduce  

a l p h a ,  gamma and n e u t r o n  r a d i a t i o n - e m i t t i n g  s o u r c e s  a f t e r  

m i x t u r e ,  or compound p r e p a r a t i o n ,  w i t h  s u i t a b l e  t a r g e t  e l e m e n t s  

( e . g . ,  L i  and Be) .  

Then the  e x t r a c t i o n  c y c l e  on t h e  ch romatograph i  

The t r a n s u r a n i u m  e l e m e n t s  : 

EXPERIMENTAL 

Appara tus  

The o p e r a t i o n s  w e r e  conduc ted  r e m o t e l y  i n  a h o t  c e l l  (10 cm 

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

c u r r e n t  l i q u i d - l i q u i d  e x t r a c t i o n  c y c l e  c o n s i s t e d  of two b a t t e r i e s  

o f  P l e x i g l a s  m i x e r - s e t t l e r s ,  one w i t h  t e n  s t a g e s  ( t o t a l  f l o w  

10 L/h), and the second  w i t h  e i g h t  s t a g e s  ( t o t a l  f l o w  5 L / h ) ;  

t h r e e  diaphragm-type p r o p o r t i o n i n g  pumps; and s o l u t i o n  r e c e i v i n g  

t a n k s .  The a p p a r a t u s  f o r  t h e  Chromatographic  s e p a r a t i o n  c y c l e s  

c o n s i s t e d  of P l e x i g l a s  columns f i l l e d  w i t h  s i z e d  s i l i c a  g e l ,  

d iaphragm-type p r o p o r t i o n i n g  pumps, and a n  o n - l i n e  gamma c o u n t i n g  

s y s t e m  which w a s  d e s i g n e d  to  m o n i t o r  t h e  a c t i v i t y  of  americium- 

2 4 1  i n  t h e  column e f f l u e n t .  The c o u n t i n g  s y s t e m  i n c l u d e d  a 

m i n i a t u r e  Geiger-Muller  d e t e c t o r  which w a s  p l a c e d  i n  c o n t a c t  w i t h  

t h e  column e f f l u e n t  o u t l e t  t u b e  and p r o t e c t e d  from ambient  
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748 MADIC ET AL. 

TABLE 2 

C h n r a c  t E r i s  t i c s (1 f t h e  C1i roma t o  i:r a ph y C o  1 umns 

________ ___I_ 

____ S t a t i o n a r y  Phase  _ _  Diameter E f f e c t i v e  T n t e r s t i t i a l  T o t a l  
Mate r i  a1 Weight h e i g h t  volume w e i g h t  

*POX 3oz/  
s i l i c a  g e l  9090 15 0 680 4. 29 

TBP 27x1 
s i l i c a  g e l  1500 60 680 0.8 5 

s i l i c a  g e l  1500 60 680 0 . 8  5 

(mm) (mm) ___ ( L )  (kg)  

IID(DiBM)P 30%/ 

*The “ H e r c u l e s ”  column i s  of  a s p e c i a l  t y p e .  The 5-mm t h i c k  
P l e x i g l a s  t u b e  i s  f - i t t e d  w i t h  a 2-mm t h i c k  s t e e l  j a c k e t  t o  
accommod,ite t h e  mechan ica l  stresses r e s u l t i n g  from t h e  s e r v i c e  
p r e s s u r e  and p a r t i a l  p r e s s u r e  o f  t he  r n d i o l y s i s  gaseq ( s e e  F i g .  1 ) .  

i r r a d i a t i o n  by l e a d  s h i e l d i n g ,  and t h e  a s s o c i a t e d  e l e c t r o n i c s .  

While  o p e r a t i n g  on t h e  POX.ll  c y c l e  ( s e e  b e l o w ) ,  t h e  d e t e c t o r  i s  

used t o  a c t u a t e  a u t o m a t i c  s h u t o f f  of  t h e  column f e e d  pump. 

The n1ai.n c h a r a c t e r i s t i c s  of  t h e  ch romatograph ic  columns which 

were u s e d  i n  t h e  second cyc1.e and t h e  americium p u r i f i c a t i o n  c y c l e s  

are  p r e s e n t e d  i n  T a b l e  2 .  The i n e r t  s u p p o r t  c o n s i s t e d  of  60 t o  

230 mesh s i l a n i z e d  s i l i c a  g e l  s u p p l i e d  by  Merck (West Germany). 

T h i s  suppor t  w a s  p l a c e d  i n  c o n t a c t  w i t h  t h e  e x t r a c t a n t ,  which w a s  

d i  1.uti.d i n  a c e t o n e  o r  1-iexane; t h e  d i l u e n t  w a s  s u b s e q u e n t l y  e x p e l l e d  

by c ~ v ; i i ~ ~ ~ r n t i o n  a t  r educed  p r e s s u r e ,  The e x t e n t  of  i m p r e g n a t i o n  

was 3 O Z  w i t 1 1  POX.11”, 27% w i t h  TBP;‘;”, and 30% w i t h  HD(DiBM)P*>k5r. 

Reagen t s  _ _  
T e c h n i c a l  g r a d e  HN03; ~ I I ( N O ~ ) ~ * ~ H ~ O ;  LiN03; and L i O H ’ H 2 0  

were used i n  t h i s  s t u d y .  These were a l l  s u p p l i e d  by P r o l a b o .  

~‘:Di-n-hexyl-octoxy-met hy l -phosph ine  o x i d e .  
X “T r i -n - bu r. y 1 p ho s p  h a t e . 

X * ” B i s  2-6 dimethyl-4-heptyl-phosphoric a c i d .  
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FIGURE 1. Photograph of t h e  "Hercules"  column. 
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750 MADIC ET AL.  

1ec ] in i ca ]  g r a d e  TnP a n d  dodecanc ,  from P r o g i l - F r a n c e ,  weri’ ‘11 50 

employed, whereas  a n a l y t i c a l  g r a d e  ethylenediaminetetraacetic 

a c i d  (EDTA) -Plerck, w a s  u s e d .  The POX.ll  e x t r a c t a n t  w a s  s y n t h e s i z e d  

h y  I R C H A  ( I n s t i t u t  d e  Recherche e t  d e  Chimie App l iquee ,  P a r i s ) ;  

a n d  t h e  IID(DiBM)P w a s  p r e p a r e d  i n  o u r  l a b o r a t o r y  by t h e  method 

d e s c r i b e d  by Mason, B o l l m e i e r ,  and  Peppard (1). 

RESULTS AND D I S C U S S I O N  

The s e p a r a t i o n  p r o c e s s  f o r  americium and t h e  o t h e r  t r a n s u r a n i u m  

i=lements  i s  based  upon t h e  p r o p e r t i e s  o f  a n e u t r a l  e x t r a c t a n t  of 

t h e  phosph ine  o x i d e  t y p e .  T h i s  e x t r a c t a n t ,  POX.ll, i s  di-n-hexyl-  

octoxy-methyl-phosphine o x i d e  (2). 

P r o p e r t i e s  - o f  POX.ll  

S i n c e  POX.ll  i s  l i q u i d  a t  ambient  t e m p e r a t u r e ,  i t  i s  s u i t a b l e  

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

i s  a t t a i n e d  because  30% by w e i g h t  o f  POX.ll c a n  b e  a d s o r b e d  on 

s i l i c a  gel. In terms o f  americium l o a d i n g ,  t h i s  c o r r e s p o n d s  t o  

66.9 g o€ 241Arn p e r  kg o f  30X POX.11-impregnated s i l i c a  g e l .  

a d d i t i o n ,  POX.ll e x t r a c t s  amer i c ium i n  a weakly s a l t e d  and s l i g h t l y  

a c i d  medium, t h u s  making i t  p r e f e r a b l e  t o  TBP ( 3 ) .  T h i s  s i m p l i f i t 3 s  

t h e  a d j u s t m e n t  of s o l u t i o n s  i n t e n d e d  f o r  f i x a t i o n  on ch romatograph ic  

columns. Americium-POX.11 d i s t r i b u t i o n  c o e f f i c i e n t s  which were 

de te rmined  i n  a 3 g l i t h i u m  n i t r a t e  medium are  p r e s e n t e d  as a 

f u n c t i o n  o f  n i t r i c  a c i d  c o n c e n t r a t i o n  i n  F i g .  2 .  The a f f i n i t y  o f  

c a t i o n s  f o r  POX.ll f o l l o w s  a s e q u e n c e  wh ich  i s  s i m i l a r  t o  t h a t  of  

t r i oc : ty l -p t lo sph ine  o x i d e  (TOFO), v i z . ,  P I  

I n  

+ 2+ Mte < M3+ < N4+ % M02 . 
In t h e  p r e s e n t  a p p l i c a t i o n ,  t h e  uranium c o n c e n t r a t i o n  i n  t h e  

i n i t i a l  s o l u t i o n  i s  h i g h ,  t h u s  r a p i d  s a t u r a t i o n  of t h e  P O X . l l  

w i t h  uranium would b e  e x p e c t e d  t o  o c c u r ,  and t h i s  would r e s u l t  

i n  a d e c r e a s e  o f  t h e  amer i c ium and nep tun ium/p lu ton ium e x t r a c t i o n  

c a p a c i t y .  We t h e r e f o r e  made p r o v i s i o n  f o r  an  i n i t i a l  uranium 

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

TBP f o r  a c t i n i d e s  of  o x i d a t i o n  s t a t e  V I  l e d  t o  i t s  c h o i c e  a s  t h e  
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NEPTUNIUM, PLUTONIUM, AND AMERICIUM 751 

AQUEOUS PHASE C LiNO3 = 3 6 M 
C HNO, VARIABLE 

STATIONARY PHASE POX i i  3 o v 0  /SILICAGEL 

10 HNO, (MI ' 
0.4 0 0.1 0.2 0.3 

FIGURE 2 .  Am3+ e x t r a c t i o n  by POX.ll  3 0 % / s i l i c a  e l .  V a r i a t i o n  
of t h e  d i s t r i b u t i o n  c o e f f i c i e n t  o f  Am5+ w i t h  H N 0 3  
c o n c e n t r a t i o n .  

s e l e c t i v e  uranium e x t r a c t a n t .  The p r o c e s s  t h u s  c o n s i s t s  of  TWO 

s t e p s :  (1 )  s e l e c t i v e  e x t r a c t i o n  of uranium by TBP; and ( 2 )  

c o e x t r a c t i o n  o f  americium, plutonium and neptunium by POX.ll .  

D e s c r i p t i o n  of  t h e  S e p a r a t i o n  P r o c e s s  f o r  Uranium and Transuranium 
Elements  

The uranium e x t r a c t i o n  f l o w s h e e t  is  p r e s e n t e d  i n  F ig .  3 .  

The Masurca s o l u t i o n ,  w i t h o u t  a d j u s t m e n t ,  i s  fed  i n t o  t h e  

e x t r a c t i o n  b a t t e r y  a t  t h e  r a t e  of  3 L/h.  The uranium i s  e x t r a c t e d  

w i t h  a 30% TBP/dodecane f l o w  r a t e  of  1 L/h. The o r g a n i c  phase  i s  

s u b j e c t e d  t o  a r e d u c i n g  s c r u b  ( a t  0.25 L/h) t o  avo id  plutonium(1V) 

l o s s e s ,  and t h e  uranium i s  t h e n  s t r i p p e d  by w a t e r ,  a t  a f l ow r a t e  

o f  0 . 7  L/h.  The r a f f i n a t e  from t h e  e x t r a c t i o n  b a t t e r y  c o n t a i n s  

americium, neptunium, plutonium, t h e  i n a c t i v e  m a t r i x ,  and t h e  

f i s s i o n  p r o d u c t s .  It i s  t h e n  s e n t  t o  t h e  second c y c l e .  

The e x t r a c t i o n  chromatography c y c l e  on t h e  POX.ll  column is 

p r e s e n t e d  i n  F i g .  4 .  T h i s  c y c l e  can be  c a r r i e d  o u t  i n  two ways. 
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1" STEP. 

..... 

3 Ih-1 ~ 

.,......,..........,...................),..,, ...................... 
(,.. .... 1 p"" 8 .......... ~ . . .  . .  . .  . .  . .  . .  . .  

0 TBP 
30% 

DODECANE 

. EXTRACTION 
FIGURE 3 .  Uranium e x t r a c t i o n  f l o w s h e e t .  

I n  t h e  f i r s t  method (Method I ) ,  t h e  s o l u t i o n  f r o m  t h e  f i r s t  c y c l e  

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

and t h e  a c i d i t y  is a d j u s t e d  w i t h  aluminum n i t r a t e  d e f i c i e n t  i n  

t h e  n i t r a t e  i o n s  A1(N03)3-x(OH)x. A s t r o n g  b a s e  s u c h  as  c a u s t i c  

soda  cannot be added b e c a u s e  t h i s  would r a p i d l y  c a u s e  h y d r o l y s i s  
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2" STEP. 
A m  0.09 41-1 
P u  0.06 01-1 

A l  0.4M 
Hi1  N 0.1N 

FEED 
A m  0.03gl-1 

NP 
F e  2.9 01-1 

C d  9 01-1 
L i  5 M 
E OTA 0.16 M 
H i  - 0  

6 Ih-1 

Pu t r i c a r  

2 
HETHO 
*-- 

POX 11 
3ff% 

SlLlCAGEl 

COLUMN 

FIGURE 4. Americium, plutonium and neptunium extraction flowsheet. 

of the iron. After these adjustments the composition o f  the 

solution is as given in Table 3 .  

The adjusted solution is fed to the column at the rate of 

6 L/h. It is possible to fix volume fractions of 100 to 200 

liters, corresponding to about 10 g of 241Am. The effective 
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754 MADIC ET AL. 

TABLE 3 

Composition of Adjusted Solution 

0.4 SO.1 

Am Pu Np Fe Cd 

(g/L) 

0.08 0.06 0.16 8 24 

Fission 
products 
(mCi/L) 

americium capacity is low in comparison with theoretical capacity, 

because of the competitive fixation of iron, which can be seen by 

the rust color assumed by the support. The column exhibits 

successive fronts, from top to bottom, of americium (brown ring), 

neptunium (green ring), and uranium (yellow ring). The column 

ii fed from the bottom in order to remove the radiolysis gases. 

Scrubbing and loading operations are carried out by a 

salting out solution of 6 

the solution contained in the interstitial volume of the column. 

Three selective elutions are carried out. The americium is 

LiN03, which is designed to eliminate 

eluted by a 6 3 nitric acid solution at a flow of rate ( V / 3 )  L/h, 

where V is the fixation flow rate. The americium recovery yield 

is about 95%. The use of a solution strongly loaded with sulfates, 

1 

plutonium and neptunium, whereas the traces of uranium that are 

fixed on the column are eluted by a 0.4 p13 (NH4)2C204 solution. 

Neptunium and plutonium are concentrated by precipitation 

as hvdroxides. The hydroxides are calcined, and the resulting 

oxides are stored. The americium eluate, with an americium 

concentration of about 1 g/L, still ccntains iron, cadmium, and 

lanthanide traces, and must be purified. 

H2S0,,, 3.5 g (NH4)2S04, and 0.1 p13 HN03 allows recovery of the 

The fixation effluent is decontaminated of alpha emitters. 

On-line detection of the gamma activity of the americium, together 

with spot checks of alpha activity, indicate the discharge of 
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NEPTUNIUM, PLUTONIUM, AND AMERICIUM 755 

an e f f l u e n t  c o n t a i n i n g  less t h a n  1 mg/L of 241Am, o r  3 . 4  m C i / L .  

The 237Np and 239Pu c o n c e n t r a t i o n s  cannot  be d e t e c t e d  by a l p h a  

spec t romet ry ,  i n  view of t h e  mass a c t i v i t y  r a t i o s  r e l a t i v e  

t o  t h e  241Am. 

The second method (Method 2 )  w a s  developed because of problems 

caused by  t h e  i r o n  p r e s e n t .  The c o e x t r a c t i o n  of  i r o n  and americium 

b r i n g s  two unfavorable  f a c t o r s ,  a lowering of t h e  americium c a p a c i t y  

of  t h e  column and t h e  presence  of  i r o n  impur i ty  i n  t h e  americium 

e l u a t e .  However, t h e  e x t r a c t i o n  of Am i n  t h e  presence of h igh  i r o n  

c o n c e n t r a t i o n s  i s  p o s s i b l e :  indeed ,  (a )  t h e  e x t r a c t i o n  k i n e t i c s  of  

Am3+ on POX.ll i s  b e t t e r  t h a n  t h a t  of  Fe3; a s  shown i n  F ig .  5 ;  and 

(b) POX.ll shows g r e a t e r  a f f i n i t y  f o r  Am3+ a t  e q u i l i b r i u m ,  a s  shown 

i n  F i g .  6 .  

A l t e r n a t i v e l y ,  t o  e l i m i n a t e  t h e  e x t r a c t i o n  of i r o n ,  i t  i s  

p o s s i b l e  t o  form an i r o n  complex i n  t h e  f i x a t i o n  s o l u t i o n  which i s  

A m ' +  Fe 3 *  K, o n K D  

AQUEOUS PHASE 
C LiNO, = 3 6 M 
C HNOj = 0 1 M 

C Fe3+ = 0 ( 0 )  

OR 1 g I- '  (0, 91 
STATIONARY PHASE 

POX 11 ~ O % / S I L I C A G E L  

OPERATING CONDITIONS 
rn = 0 2  g 
Y = 3 ml 101. 2 ml lo . ) )  

1 I I TIME 
0 10 20 3b 40 

3+ 3+ 
FIGURE 5. E x t r a c t i o n  k i n e t i c s  of Am , Fe 

mixtures .  

mn) 

3+ 3+ and Am /Fe 
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756 MADIC ET AL. 

AQUEOUS P H A S E :  
C LiNOI = 3 6 M 
C HNO) = 0 1 M 

C Fe3+ V A R I A B L E  \ STATIONARY PHASE 
POX 11 30 %/SILICAGEL 

OPERATING CONDlT IONS 
m = 0 2 u  

C F e 3 +  ( g  I 
++*+ 

: : : : ! :- 

10-2 lo-. loo 10' 

FTGlJRE 6 .  E x t r a c t i o n  o f  Fe3+ and Am3+ by P O X . l l  3 0 % / s i l i c a  g e l .  
V a r i a t i o n  o f  t h e  d i s t r i h u t i o n  c o e f f i c i e n t  of Am3+ and 
Fe3+ w i t h  Fe3+ c o n c e n t r a t i o n .  

u n e x t r a c t a b l e  by POX.l l .  The a d d i t i o n  o f  a s o l u t i o n  of EDTA i n  

l i t h i u m  hydrox ide  ( 1  EDTA/3 LiOH) t o  t h e  p r o c e s s  s o l u t i o n ,  and 

n e u t r a l i z a t i o n  o f  t h e  f r e e  a c i d i t y  HL t o  l e s s  t h a n  O . l I j ,  g i v e s  

r i s e  t o  t h e  d e s i r e d  complex, v i z . ,  

+ 

Fe3+ + fEDTA)4- 2 Fe(EDTA)- (pKc = 2 5 . 1 ) .  

T h e  e f f e c t  o f  EDTA a d d i t i o n  on t h e  d i s t r i b u t i o n  c o e f f i c i e n t s  o f  

Am 

w i t h  1/1 EDTAIiron s t o i c h i o m e t r y ,  KD Fe3+ t e n d s  towards z e r o ,  

while Ky) Am3+ rises t o  approach  t h e  v a l u e s  p r e s e n t e d  in Fig .  2 .  

The use  o f  EDTA i n v o l v e d  t h e  e l i m i n a t i o n  o f  t h e  neptunium/ 

3+ 
and Fe3+ i s  demons t r a t ed  i n  F i g .  7. On 30% P O X . l l / s i l i c a  gel 

plutonium coiiple by t r e a t m e n t  on a n i o n i c  exchange r e s i n ;  a f t e r  

r a i s i n g  the n i t r i c  c o n c e n t r a t i o n  t o  5 M, t h e  americium e s c a p e s  

i n  Lhe e f f l u e n t  and i t s  c o n c e n t r a t i o n  i s  de te rmined  by c o u n t i n g  

i t s  , i lpha a c t i v i t y .  The c o n c e n t r a t i o n  o f  hydro lyzed  c a t i o n s  i n  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
5
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



NEPTUNIUM, PLUTONIUM, AND AMERICIUM 

K D  

10 

10 

10 

10 

loo 

10- 

AQUEOUS PHASE. 
CLINO, = 3 6 M 
C HN03 = 0 1 M 
C EDTA = VARIABLE 
C Fe3+ = 1 g I-' 

STATIONARY PHASE 

OPERATING CONDITIONS 
POX 11 30 %/SILICAGEL 

m = 0 2 g  
Y z 3 r n l  
I t  TIME= 40 mn 

.) C EDTA ( M )  

0 L 5 9 lK3 1 35 1 8 

757 

FIGURE 7 .  E x t r a c t i o n  o f  Am3+ and Fe3+ by POX.11 3 0 % / s i l i c a  g e l ,  
i n  a complexing medium. V a r i a t i o n  of t h e  d i s t r i b u t i o n  
c o e f f i c i e n t s  of Am3+ and Fe3+ w i t h  EDTA c o n ( . e n t r a t i o n .  

t h e  s o l u t i o n  i s  t h e n  de te rmined  by t h e  d i f f e r e n c e  between t o t a l  a c i d i t y  
+ 

H and f r e e  a c i d i t y  H+ 

t h e  d i f f e r e n c e  i n  c o n c e n t r a t i o n  between hydrolyzed c a t i o n s  and 

americium. 

The amount of  EDTA added co r re sponds  t o  T L '  

T h i s  p rocedure  w a s  t e s t e d  on a b a t c h  of  685 l i t e rs  of  s o l u t i o n ,  

which w a s  o b t a i n e d  a f t e r  e l i m i n a t i o n  of  t h e  uranium and t h e  neptunium/ 

plutonium coup le .  The compos i t ion  o f  t h e  s o l u t i o n  a f t e r  EDTA 

a d d i t i o n  i s  p r e s e n t e d  i n  Tab le  4 .  Note,  however, t h a t  t h e  o r i g i n a l  

s o l u t i o n  i s  n o t  t h e  same a s  t h a t  p r e s e n t e d  i n  Tab le  1, b u t  r a t h e r  

a Masurca s o l u t i o n  which had been d i l u t e d  by t a n k  r i n s i n g .  A l so ,  

a c i d i t y  ad jus tmen t  w a s  performed w i t h  L i O H  ( i r o n  h y d r o l y s i s  i s  

i n h i b i t e d  by EDTA). 
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TABLE 4 

MADIC ET AL. 

Compos i t ion  o f  A d j u s t e d  S o l u t i o n  
POX. 11 Cyc le .  Method 2 

Concen- 
t r a t i o i i  0 . 1  5 0 .25  

A c t i v i t y  
2 .7  

2.9 9 ?.0 

Decon tamina t ion  f a c t o r s  FD Of t h e  i r o n  and  cadmium f rom t h e  

amer ic ium are  p r e s e n t e d  i n  T a b l e  5 .  Pe r fo rmance  of t h i s  s e p a r a t i o n  

c y c l e  i s  p r o b a b l y  somewhat b e t t e r  t h a n  t h a t  i n d i c a t e d  i n  T a b l e  5 ,  

a s  a c o l o r i m e t r i c  t es t  i n d i c a t e d  an i r o n  c o n t e n t  i n  t h e  e l u a t e  

t l i , i t  is  c o n s i d e r a b l y  lower  t h a n  t h e  e s t i m a t e d  v a l u e  of  0 .75  g /L .  

The pe r fo rmance  l e v e l s  a t t a i n e d  by t h e  two methods  r e l a t i v e  

t o  amer ic ium e x t r a c t i o n  are summarized i n  T a b l e  6 .  

TABLE 5 

E s t i m a t i o n  o f  I r o n  and  Cadmium Decon tamina t ion  F a c t o r s  

S o l u t i o n  Volume Fe Cd E l u a t e  E l u a t e  
t y p e  (L) ( g / L )  (g /L)  FD (Am/Fe) FD (Am/Cd) 

Feed 685 2.9 9 

E l u a t e  2 0  0.75 2 .2  132  140 

N . R .  Assumption C Fe 

‘Cd 
= C c o n c e n t r a t i o n  o f  h y d r o l y z a h l e  c a t i o n s  
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NEPTUNIUM, PLUTONIUM, AND AMERICIUM 759 

TABLE 6 

Americium E x t r a c t i o n  
Comparison o f  Methods 1 and 2 

Method 1 Feed E f f l u e n t s  Am e l u a t e  Y i e l d  E f f l u e n t s  
-+ s c r u b  FD Am 

89 KD 
Volume (L) 96 105 5 

0.95 1 9  

Am (g/L)  0 .073  0.0004 1 . 3 5  

Am (g )  7 0.042 6.75 

Method 2 

4381 KD 
Volume (L)  685 696 20 

0.89 34 

Am (g/L)  0.025 0.0001 0 .76  

Am ( 8 )  1 7 . 1  0.069 15.2 

Americium P u r i f i c a t i o n  

The americium o b t a i n e d  from t h e  POX.ll c y c l e  c o n t a i n s  i m p u r i t i e s  

such  as cadmium, t r a c e s  o f  i r o n ,  and l a n t h a n i d e s .  It i s  s u b j e c t e d  

t o  a two-stage p u r i f i c a t i o n  c y c l e .  The f i r s t  s t a g e  i n v o l v e s  t h e  

t r e a t m e n t  by e x t r a c t i o n  chromatography w i t h  TBP t o  e l i m i n a t e  

cadmium and i r o n .  The second i n v o l v e s  t h e  s e p a r a t i o n  of 

americium a s  Am(V1) from t h e  l a n t h a n i d e s  by e x t r a c t i o n  chromato- 

graphy w i t h  HD(DiBMM)P. T h i s  p r o c e d u r e  u s e s  a method d e s c r i b e d  

by Bourges,  Madic and Koehly (4 )  f o r  243Am/244Cm s e p a r a t i o n  by 

e x t r a c t i o n  chromatography,  which i s  a n  a d a p t a t i o n  o f  t h e  l i q u i d -  

l i q u i d  e x t r a c t i o n  p r o c e s s  deve loped  by Mason, B o l l m e i e r ,  and 

Peppard ( 1 ) .  The p u r i f i e d  americium i s  t h e n  c o n v e r t e d  t o  t h e  

o x i d e .  The p r o c e s s  f l o w s h e e t  i s  p r e s e n t e d  i n  F i g .  8. 

The americium e l u a t e  f rom t h e  second c y c l e  must be a d j u s t e d  

b e f o r e  f i x a t i o n .  Adjustment i n c l u d e s  a d d i t i o n  of LiN03, which 
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2nd CYCLE AMERICIUM PURIFICATION 
A m l o l '  
f e  ci ~n 

u 

p. 

m 
c 

m l a n t h a n i d e s  

N H ,  O H  I 

-)towaste 

d I 

0 

PRECIPITATION 

FILTRATION 2 
1 

FIGURE 8 .  Americium p u r i f i c a t i o n  c y c l e  f l o w s h e e t .  

r a i s e s  t h e  n i t r a t e  c o n c e n t r a t i o n  of t h e  s o l u t i o n  t o  7 PJ, and 

a c i d i t y  n e u t r a l i z a t i o n  from 6 t o  0.05 I13 by A1(N03)3-xOHx, o r  

hy LiOH i f  a complexing medium i s  used .  These a d j u s t m e n t s  a r e  

l iecessr i rv  For americium e x t r a c t i o n  by TBP. A f t e r  f i x a t i o n  of 

the  a d j u s t e d  s o l u t i o n ,  t h e  column i s  sc rubbed  by 7 

tlien e l u t e d  by 0 .01  

LiN03, and 

HN03 ( s e e  F i g .  8 ,  TBP c y c l e ) .  

The e l u a t e  f rom t h e  TBP c y c l e  i s  r educed  i n  volume by 

p r e c i p i t a t i o n  o f  t h e  h y d r o x i d e s .  The f r e s h  h y d r o x i d e s  are t a k e n  
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NEPTUNIUM, PLUTONIUM, AND AMERICIUM 761 

up by a s o l u t i o n  ( S o l u t i o n  A ,  F ig .  8 )  o f  t h e  f o l l o w i n g  

compos i t ion :  

-2 
HN03 = 0 .2  M ,  
K2S208 = 0.2 lj, AgN03 = 2 x LO y. 

NaIJ03 = 2 J; o r  H 3 P 0 4  = 2 x 1 0  
-2 

PJ, 

The r e s u l t a n t  s o l u t i o n  i s  h e a t e d  t o  80°C f o r  30 min. A f t e r  c o o l i n g ,  

t h e  s o l u t i o n  i s  i n j e c t e d  i n t o  a column packed w i t h  s i l i c a  gel/ 

HD(DiBM)P 30% by w e i g h t .  Am(V1) i s  f i x e d ,  whereas  t h e  l a n t h a n i d e s  

e s c a p e  w i t h  t h e  e f f l u e n t .  The column is  t h e n  washed w i t h  t h e  

o x i d i z i n g  s o l u t i o n .  E l u t i o n  of americium of  o x i d a t i o n  s ta tes  V 

and 111 is ach ieved  by a 0 . 5  N2H5N03,  1 g HN03 s o l u t i o n  ( 4 ) .  

I n  t h e  HD(DiBM)P e l u a t e ,  t h e  s i l v e r  i s  s e p a r a t e d  by p r e c i p i t a t i o n  

and f i l t r a t i o n  o f  t h e  c h l o r i d e .  The f i l t r a t e  i s  p r e c i p i t a t e d  w i t h  

ammonia, and t h e  hydrox ide  i s  d i s s o l v e d  i n  n i t r i c  a c i d  s o l u t i o n .  

2 2 4  Then, americium o x a l a t e  i s  p r e c i p i t a t e d  i n  a pH 1, C H C 0 0 .2  

medium ( 5 ) .  It  i s  t h e n  c a l c i n e d  f o r  t h r e e  h o u r s  a t  800°C t o  o b t a i n  

h 0 2 .  The r e s u l t a n t  americium p r o d u c t  i s  99.3% p u r e .  

CONCLUSIONS 

Masurca waste w a s  u sed  t o  d e m o n s t r a t e  t h e  e f f e c t i v e n e s s  and 

s i m p l i c i t y  o f  u s e  o f  e x t r a c t i o n  chromatography t o  e l i m i n a t e  a l p h a  

emitters from a s o l u t i o n  r i c h  i n  v a r i o u s  m e t a l l i c  e l e m e n t s .  

The column e x t r a c t i o n  chromatography p r o c e s s  h a s  t h e  draw- 

back o f  b e i n g  a b a t c h  method. In t h e  POX.ll c y c l e ,  t h e  f i x a t i o n  

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

t o  t h e  POX.ll column i s  moni to red  by d e t e c t i o n  o f  t h e  a c t i v i t y  o f  

t h e  americium i n  t h e  e f f l u e n t .  ( A  planned improvement i s  t h e  

comple t e  au tomat ion  o f  t h e  d i f f e r e n t  o p e r a t i o n s  i n  t h e  chromato- 

graphy c y c l e . )  Fu r the rmore ,  t h e  p r o p e r t i e s  of POX.ll r e l a t i v e  

t o  t h e  s e p a r a t i o n  o f  americium and t r ansu ran ium e lemen t s  r e s u l t e d  

i n  a n  e f f l u e n t  which w a s  s a t i s f a c t o r i l y  decontaminated o f  a l p h a  

emitters (release l i m i t  < 1 mg/L 241 Am). 

c o e x t r a c t i o n  o f  t r i v a l e n t  e l e m e n t s ,  c h i e f l y  i r o n ,  w e r e  s o l v e d  by 

t h e  i n t r o d u c t i o n  o f  a complexing a g e n t  (EDTA). 

Problems r e l a t e d  t o  t h e  
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Americium p u r i f i c a t i o n  by e x t r a c t i o n  of Am(V1) on a 

HD(DiBM)P column r e s u l t s  i n  a p r o d u c t  of h i g h  p u r i t y .  

1. 

2. 

3. 

4 .  

5.  
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