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RECOVERY. CONCENTRATION. AND SOLIDIFICATION OF EUROPIUM 
BY ION EXCHANGE FROM A DILUTE PROCESS SOLUTION 

D. 0 . Campbell 

ABSTRACT 

E x p e r i m e n t a l s t u d i e s were c a r r i e d o u t t o deve lop a 
p r o c e s s t o r e c o v e r americium from a v e r y d i l u t e was te s o l u -
t i o n and c o n v e r t i t t o a s t a b l e s o l i d s u i t a b l e f o r was te 
d i s p o s a l . A p r o m i s i n g p r o c e s s i s t o l o a d t h e americium 
on to o r g a n i c i on -exchange r e s i t s and b u r n t h e r e s i n s t o 
y i e l d a g r a n u l a r s o l i d t h a t ccn be d i s p o s e d of d i r e c t l y 
o r formed i n t o a m o n o l i t h u s i n g known s o l i d i f i c a t i o n 
p r o c e s s e s . 

Exper imen t s were c a r r i e d o u t i n which europium, a 
s t a n d - i n f o r amer ic ium, was l oaded o n t o s m a l l i on exchange 
r e s i n columns f rom d i l u t e aqueous s o l u t i o n s c o n t a i n i n g 
n i t r i c a c i d and , i n some c a s e s , i r o n . B r e a k t h r o u g h c u r v e s 
were o b t a i n e d f o r c o n d i t i o n s a p p r o p r i a t e f o r a p r o c e s s . 
The e f f l u e n t s o l u t i o n was decon tamina t ed s u f f i c i e n t l y t o 
be a non-TRU w a s t e i n t h e p l a n t a p p l i c a t i o n . The v o l u -
m e t r i c d i s t r i b u t i o n c o e f f i c i e n t under a n t i c i p a t e d c o n d i -
t i o n s was i n t h e r ange of 18 ,000 , i n d i c a t i n g t h a t a 
r e l a t i v e l y v e r y sma l l volume of s o l i d , amer i c ium- loaded , 
i on -exchange r e s i n would be p roduced ( p r o b a b l y l e s s t han 
1 L / d ) . Burn ing t h e l o a d e d r e s i n i n a i r y i e l d s a s t a b l e , 
s o l i d o x y s u l f a t e w i t h a f u r t h e r volume r e d u c t i o n of about 
a f a c t o r of s i x . 

I r o n , and p o s s i b l y o t h e r i m p u r i t i e s , can i n t e r f e r e 
w i t h t h e americ ium r e c o v e r y ; t h u s , a d d i t i o n a l work i s 
r e q u i r e d t o r e s o l v e such prob lems and t o d e v i s e a r e a s o n -
a b l y o p t i m i z e d p r o c e s s . The e n g i n e e r i n g o f t h e r e s i n -
b u r n i n g equipment a l s o r e q u i r e s f u r t h e r a t t e n t i o n . 

1 . INTRODUCTION 

The P lu ton ium F i n i s h i n g P l a n t (PFP) a t Han fo rd g e n e r a t e s 

s i g n i f i c a n t volumes of w a s t e c o n t a i n i n g c - n a t i v e t r a n s u r a n i u m (TRU) 

e l e m e n t s . C o n s i d e r a t i o n i s b e i n g g i v e n t o a p p l y i n g Transuran ium 

E x t r a c t i o n (TRUEX) t e c h n o l o g y t o remove t h e TRU e l e m e n t s from a c i d i c 

w a s t e s so t h a t t h e y can be managed more e f f i c i e n t l y . The dominant 

a - a c t i v e e l e m e n t , a s i d e f rom p l u t o n i u m , i s amer ic ium; and i t i s t h i s 
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e lemen t which t y p i c a l l y causes l i q u i d w a s t e s t o be TRU-wastes. The 

p r e s e n t s t u d y was d i r e c t e d t o deve lop ing a method t o r e c o v e r and 

c o n c e n t r a t e t h e americium i n t o a sma l l volume and i s o l a t e i t a s a s o l i d 

p r o d u c t s u i t a b l e f o r f i n a l was te management. Th i s work was i n i t i a l l y 

ba sed on an e v a l u a t i o n of p r o c e s s o p t i o n s 1 which conc luded t h a t c a t i o n 

exchange was most p r o m i s i n g . 

The TRUEX t e c h n o l o g y , 2 developed a t Argonne N a t i o n a l L a b o r a t o r y , 

i s b a s e d on l i q u i d - l i q u i d e x t r a c t i o n from an a c i d i f i e d n i t r a t e s a l t 

s o l u t i o n i n t o a b i d e n t a t e organophosphorous r e a g e n t . The r e f e r e n c e 

e x t r a c t a n t f o r t h i s a p p l i c a t i o n i s p h e n y l ( o c t y l ) - N , N - d i i s o b u t y l m e t h y l -

ca rbamoylphosph ine ox ide (CMPO), d i s s o l v e d i n a s o l u t i o n of t r i - n - b u t y l 

p h o s p h a t e i n CC1A. The americium p r o d u c t of t h i s p r o c e s s i s a d i l u t e 

HNO3 s t r e a m c o n t a i n i n g 2A1Am, which i s t h e dominant t r a n s p l u t o n i u m 

a - e m i t t e r i n t h e PFP w a s t e , and t h e o n l y one r e q u i r i n g s p e c i a l 

a t t e n t i o n . 

I n t h e i n i t i a l l y p roposed f l o w s h e e t , t h e americium p r o d u c t s t r eam 

was p r o j e c t e d t o be - 1 5 0 L/h w i t h a c o m p o s i t i o n of - 0 . 0 1 M HNO3 and 

3 . 5 mg/L of americium ( 1 . 4 x 10"5 M). The q u a n t i t y of americ ium i s 

abou t 12 g / d . This s t r e am would a l s o c o n t a i n s m a l l amounts of p l u t o -

nium (ebou t a f a c t o r of 100 lower c o n c e n t r a t i o n ) , some o t h e r e l ements 

such a s z i n c , and a s i g n i f i c a n t amount of i r o n . The i r o n c o n c e n t r a t i o n 

w i l l d e f e n d on t h e way t h e TRUEX p r o c e s s i s o p e r a t e d , so i s n o t d e f i n e d 

a t t h i s t i m e ; b u t t h e e f f e c t of i r o n was one of t h e v a r i a b l e s t o be 

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

and i n c r e a s e t h e c o n c e n t r a t i o n s i n t h e p r o d u c t s t r eam by s i g n i f i c a n t 

f a c t o r s . 

Two r e q u i r e m e n t s t h a t g r e a t l y i n f l u e n c e any p r o c e s s a r e (1) t h e 
s p e c i f i c a t i o n s of t h e f i n a l americium p r o d u c t f rom t h e r e c o v e r y ope ra -
t i o n , and (2) t h e americium and a - c o n t e n t of t h e r a f f i n a t e s o l u t i o n 
a f t e r t r e a t m e n t by t h e p r o c e s s . At t h i s t ime n e i t h e r ha s been d e f i n e d . 
The r e q u i r e d p r o p e r t i e s of t h e f i n a l americium p r o d u c t have n o t been 
s p e c i f i e d , b e c a u s e t h e d i s p o s i t i o n of t h e TRU-waste i s n o t y e t 
d e t e r m i n e d . I t i s assumed t h a t a s t a b l e s o l i d of r e a s o n a b l y low volume 
w i l l be s a t i s f a c t o r y , s i n c e , i f n e c e s s a r y , i t can be f u r t h e r p r o c e s s e d 
f a i r l y e a s i l y ( i . e . , c o n v e r t e d t o c o n c r e t e , g l a s s , c e rme t , o r some 
o t h e r s o l i d ) . 
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The e x t e n t t o which americium must be removed f rom t h e aqueous 

w a s t e s t r eam i s a l s o n o t d e f i n e d . I t i s assumed t h a t a TRU a - l i m i t f o r 

t h e r a f f i n a t e from t h e americium removal p r o c e s s w i l l be r e q u i r e d t o be 

i n t h e range of 10 t o 100 n C i / g , b u t i t i s n o t c l e a r what t h e gram u n i t 

r e f e r s t o . Depending on c i r c u m s t a n c e s , i t c o u l d be t h e s o l u t i o n , some 

s o l i d was t e ( s u c h a s c o n c r e t e ) p roduced by s o l i d i f i c a t i o n of t h e 

s o l u t i o n , o r o n l y t h e d i s s o l v e d s o l i d s l e f t a f t e r e v a p o r a t i o n of t h e 

w a t e r ; t h e s e o p t i o n s d i f f e r by l a r g e f a c t o r s . For compar i son , 100 nCi 

of Am p e r mL of s o l u t i o n c o r r e s p o n d s t o 2 .9 x 10"5 g /L o r 1 . 2 x 10"7 M 

amer ic ium; t h i s i s a p p r o x i m a t e l y 1% of t h e f e e d c o n c e n t r a t i o n . An 

a n a l y t i c a l s e n s i t i v i t y of 0.1% of t h e f e e d c o n c e n t r a t i o n was s p e c i f i e d 

t o o b t a i n u s e f u l d a t a i n t h e r e q u i r e d r a n g e . 

2 . EXPERIMENTAL METHODS 

I n a l l c a s e s e x c e p t one, t h e i on -exchange columns were made from 

1-cm-diam Pyrex g l a s s t u b i n g c o n t a i n i n g a g l a s s f r i t (70- t o lOO-pm 

p o r o s i t y ) t o s u p p o r t a r e s i n bed 2 cm l o n g , g i v i n g a bed volume of 

1 .57 mL. In t h e f i r s t t e s t , t h e column c o n s i s t e d of a 1 . 5 - c m - l o n g 

r e s i n bed of 1-mL volume, s u p p o r t e d be tween Ot tawa sand l a y e r s i n a 

25-mL b u r e t . Dowex 50, X-8 r e s i n , H + - fo rm, 50 t o 100 mesh (300 t o 150 

fim), was used f o r a l l t h e e x p e r i m e n t s e x c e p t one , i n which 20- t o 50-

mesh (840- t o 300-ftm) HCR-S r e s i n was u s e d . The res» . bed volume 

d e c r e a s e d d u r i n g t h e l o a d i n g c y c l e . The r e s i n was washed w i t h 3 M 

n i t r i c a c i d and t h e n w a t e r b e f o r e s t a r t i n g a l o a d i n g e x p e r i m e n t . 

The f e e d s o l u t i o n s were pumped t o t h e open t o p s of t h e columns a t 

t h e s p e c i f i e d f l o w r a t e , and t h e s o l u t i o n found i t s own l e v e l t o main-

t a i n t h a t f l o w r a t e . The columns were j a c k - l e g g e d t o a s s u r e t h a t t h e 

r e s i n bed was a lways f l o o d e d . The r a f f i n a t e was c o l l e c t e d i n 

s u c c e s s i v e b o t t l e s , and t h e volumes were measured . Samples were t aken 

f o r a n a l y s i s e i t h e r f rom t h e b o t t l e s o r f rom t h e f l o w i n g r a f f i n a t e a t 

known t h r o u g h p u t vo lumes . 

Feed s o l u t i o n s c o n t a i n e d - 3 rag/L of s t a b l e europium i n e i t h e r 

0 . 1 o r 0 . 1 5 M HNO3. T r a c e r europium was a l s o u sed i n n e a r l y a l l t h e 
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e x p e r i m e n t s , and i r o n was added i n one s e t . An a t t e m p t was made to 

a n a l y z e t h e s o l u t i o n s w i t h a tomic a b s o r p t i o n (AA), b u t t h i s proved 

u n r e l i a b l e a t t h e low c o n c e n t r a t i o n s of t h e r a f f i n a t e s o l u t i o n s b e f o r e 

s u b s t a n t i a l b r e a k t h r o u g h . The s e n s i t i v i t y of t h e AA method was 

i n a d e q u a t e t o r e a c h t h e r e q u i r e d jig/L r a n g e . A c c o r d i n g l y , t r a c e r 

europium was added i n an amount d e s i g n e d t o g i v e t h e r e q u i r e d 

s e n s i t i v i t y (0.1% of f e e d ) . 

The europium a c t i v i t y of each sample was d e t e r m i n e d by c o u n t i n g 

known volumes ( u s u a l l y 4 mL) of e f f l u e n t s o l u t i o n w i t h a 3 - i n . x 3 - i n . , 

w e l l - t y p e , N a l ( T l ) c r y s t a l s c i n t i l l a t i o n d e t e c t o r and an LKB Wallac 

1282 Compugamma U n i v e r s a l Gamma Counter c o n t r o l l e d w i t h a T e l e v i d e o 

912C computer t e r m i n a l . The l a r g e s t gamma band f o r t h e p a r t i c u l a r 

m i x t u r e of europium i s o t o p e s was u s e d . The c o n c e n t r a t i o n s r e l a t i v e t o 

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

t h r o u g h p u t of t h e sample , i n a p p a r e n t bed volumes ( t h e t o t a l g e o m e t r i c 

volume of t h e r e s i n b e d ) , u s i n g l og -no rma l g raph p a p e r ; t h i s s o r t of 

p l o t c a u s e s t h e b r e a k t h r o u g h c u r v e s t o b e n e a r e r t o l i n e a r . The 

v o l u m e t r i c d i s t r i b u t i o n c o e f f i c i e n t ( K d ' ) was app rox ima ted by i n t e r -

p o l a t i n g o r e x t r a p o l a t i n g t h e g raph t o t h e 50% b r e a k t h r o u g h p o i n t ; t h i s 

d i f f e r s f rom t h e c o n v e n t i o n a l Kd (which i s b a s e d on t h e mass of r e s i n ) 

by a f a c t o r which i s t h e r e s i n d e n s i t y . T h i s K d ' v a l u e i s t h e l i m i t i n g 

volume of s o l u t i o n t h a t can b e p r o c e s s e d , p e r u n i t volume of r e s i n , 

under i d e a l c o n d i t i o n s . Under p r a c t i c a l c o n d i t i o n s , w i t h columns i n 

s e r i e s and r e a s o n a b l y l o n g r e s i d e n c e t i m e s , one c a n hope t o a c h i e v e 

s i g n i f i c a n t l y above 50 % of t h i s t h r o u g h p u t b e f o r e e x c e s s i v e b r e a k -

t h r o u g h o c c u r s . 

Some e x p e r i m e n t s were a l s o c a r r i e d ou t i n which r e s i n , l oaded t o 

v a r y i n g e x t e n t s w i t h europium, was burned i n a i r t o p roduce a s t a b l e 

s o l i d w a s t e . I n a l l c a s e s , 10 mL of r e s i n was b a t c h - c o n t a c t e d w i t h a 

s p e c i f i e d amount of europium; t h e r e s i n was washed, d r i e d , weighed, and 

b u r n e d f o r s e v e r a l h o u r s i n a i r a t 700°C. F i n a l l y , t h e w e i g h t and 

volume were d e t e r m i n e d . Mic roscop i c pho tog raphs were t a k e n of s e v e r a l 

of t h e s e p r e p a r a t i o n s . 
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3. ION EXCHANGE RECOVERY 

3 . 1 EXPERIMENTAL RESULTS 

The ion -exchange column e x p e r i m e n t s y i e l d e d t y p i c a l S - shaped 

b r e a k - t h r o u g h c u r v e s . The main e x p e r i m e n t a l p a r a m e t e r s and K d ' v a l u e s 

a r e summarized i n Table 1, and g raphs of t h e b r e a k t h r o u g h c u r v e s a r e 

g i v e n i n F i g s . 1 - 5 . The t h r e e r u n s w i t h 0 .15 II a c i d and no i r o n gave 

c o n s i s t e n t d i s t r i b u t i o n c o e f f i c i e n t s of abou t 18 ,000 , i n good agreement 

w i t h each o t h e r . The b r e a k t h r o u g h c u r v e s were f a v o r a b l y s t e e p i n a l l 

c a s e s ; b u t , as t h e r e s i d e n c e t ime d e c r e a s e d ( F i g . 3 v s F i g . 1 ) , t h e 

i n i t i a l b r e a k t h r o u g h o c c u r r e d e a r l i e r . U n f o r t u n a t e l y , t h e expe r imen t 

w i t h t h e h i g h e s t f l o w r a t e ( F i g . 2) u sed AA f o r a n a l y s i s , and t h e e a r l y 

p a r t of t h e cu rve c o u l d n o t be measured . 

Tab le 1. Summary o f i o n exchange l o a d i n g t e s t s 

Run 
No. 

C o n c e n t r a t i o n s 
Acid Eu3 + Fe 3 + 

(M) (mg/mL) (M) 

Flow r a t e 
(mL/min) 

R e s i n 
type" 

R e s i n 
volume 

(mL) 

K d ' Noteb 

1 0 . 1 5 3. 0 0 2 50-X8 1 . 0 0 18 ,500 

2 0 . 1 5 3. 0 0 10 50-X8 1 .57 18 ,000 

3 0 . 1 5 3, ,0 0 4 50-X8 1 .57 17 ,500 

4 0 . 1 0 2. .94 0 . 0 0 1 4 HCR-S 1 .57 1 ,500 
5 0 . 1 0 2 .94 0 .001 4 50-X8 1 .57 2 ,700 
6 0 .10 2 .94 0 . 0 0 1 4 50-X8 1 .57 3 ,500 HAN 

7 0 .10 2 .94 0 . 0 0 1 4 50-X8 1 .57 >5,000 o x a l i c 

•Run 4 u s e d 20-50 mesh HCR-S r e s i n ; a l l o t h e r s u s e d 50-100 mesh Dowex 
50-X8. 

bRun 6 c o n t a i n e d 0 .002 M hydroxy lamine n i t r a t e which p a r t i a l l y 
r e d u c e d t h e f e r r i c i r o n t o f e r r o u s . Run 7 c o n t a i n e d 0 . 0 5 M o x a l i c a c i d . 

As n o t e d above , t h e e f f l u e n t c o n c e n t r a t i o n p r o b a b l y s h o u l d b e h e l d 

i n t h e range of 0 . 1 t o 1% o r lower i f t he e f f l u e n t i s t o be a non-TRU 

w a s t e , a l t h o u g h t h i s depends on t h e u l t i m a t e f a t e of t h a t e f f l u e n t . I t 

i s c h a r a c t e r i s t i c f o r a sma l l f r a c t i o n of t h e f e e d a c t i v i t y t o l e a k 

t h r o u g h a column, even a t t h e b e g i n n i n g . I n most c a s e s t h i s amounted 

t o be tween 0 . 1 and 0.01% of t h e f e e d c o n c e n t r a t i o n , which i s 
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F i g . 2. Europium b r e a k t h r o u g h c u r v e f o r 9 . 4 - s r e s i d e n c e t i m e . 
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F i g . 5 . Europium b r e a k t h r o u g h cu rve w i t h i r o n and o x a l i c a c i d 
p r e s e n t . Feed: 0 . 1 0 M HNO3, 2 . 9 4 mg/L Eu, 0 . 0 0 1 M F e * 3 , 0 . 0 5 g o x a l i c 
a c i d ; r e s i n : 50-100 mesh Dowex 50-X8. 
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s a t i s f a c t o r y . The r e l a t i v e l y c o n s t a n t l e akage c o n t i n u e d f o r some t ime , 

and t hen an a b r u p t i n c r e a s e i n s l o p e o c c u r r e d a s t h e t r u e b r e a k t h r o u g h 

s t a r t e d . I n p r a c t i c e , p l a n t - s c a l e equipment , o p e r a t e d i n a c a r e f u l and 

c l e a n manner, o f t e n g i v e s lower l eakage p r i o r t o b r e a k t h r o u g h t han the 

s m a l l t e s t columns. 

During t h e c o u r s e of t h i s work the TRUEX f l o w s h e e t was t e n t a t i v e l y 

r e v i s e d , w i t h t h e r e s u l t t h a t t h e americium p r o d u c t c o m p o s i t i o n was 

changed . The a c i d i t y was reduced t o 0 .10 £1, t h e americium c o n c e n t r a -

t i o n was i n c r e a s e d , and i r o n was p r o j e c t e d t o be p r e s e n t a t a concen-

t r a t i o n p o s s i b l y a s h i g h a s 0 . 0 0 1 JJ. Based on p u b l i s h e d r e l a t e d d a t a , 3 

a v e r y rough e s t i m a t e was made r e g a r d i n g i r o n i n t e r f e r e n c e . F e r r i c 

i r o n was e x p e c t e d t o i n t e r f e r e w i t h europium l o a d i n g i n a manner such 

t h a t europium would b r e a k th rough t o 50% of t h e f e e d c o n c e n t r a t i o n 

a f t e r p a s s i n g l e s s t h a n 10 t imes t h e volume r e q u i r e d t o s a t u r a t e t h e 

r e s i n w i t h i r o n . S ince 0 . 0 0 1 U i r o n would s a t u r a t e t h e r e s i n a f t e r 

abou t 600 bed volumes , europium b r e a k t h r o u g h might t h e n be e x p e c t e d 

a f t e r t r e a t i n g a volume c o n s i d e r a b l y l e s s t h a n 6000 bed vo lumes . 

S i m i l a r l y , i f t h e i r o n was reduced t o f e r r o u s , i t would i n t e r f e r e l e s s , 

by a f a c t o r of a b o u t f i v e , which p l a c e s the column c a p a c i t y i n t h e 

r ange obse rved w i t h no i r o n p r e s e n t ; t h u s , f e r r o u s i r o n s h o u l d have 

l i t t l e e f f e c t on r e s i n c a p a c i t y . 

The e f f e c t of i r o n was i n v e s t i g a t e d w i th a s e r i e s of e x p e r i m e n t s 

( F i g s . 4 and 5 ) . I n t h e f i r s t two e x p e r i m e n t s w i t h f e r r i c i r o n , HCR-S 

(Run 4 ) and Dowex 50 (Run 5) r e s i n were u s e d . The Dowex 50 proved 

s u p e r i o r , b u t t h e b r e a k t h r o u g h c a p a c i t y was lower t h a n e s t i m a t e d above , 

by abou t a f a c t o r of two, which i s r e a s o n a b l e agreement f o r such a 

rough e s t i m a t e a s t h i s . I n one c a s e (Run 6 ) , hydroxy lamine n i t r a t e was 

added a t a c o n c e n t r a t i o n of 0 .002 £t t o r educe Fe 3 + t o F e 2 + ; and t h e 

s o l u t i o n was a l lowed t o s t a n d o v e r n i g h t b e f o r e s t a r t i n g t h e e x p e r i m e n t . 

The K d ' v a l u e i n c r e a s e d , b u t on ly t o 3600, l e s s t h a n e x p e c t e d . 

However, t h e r e s i n took on t h e d a r k brown f e r r i c c o l o r , i n d i c a t i n g t h a t 

much of t h e i r o n had n o t been r educed t o f e r r o u s . A more comple te 

r e d u c t i o n of t h e i r o n would p r o b a b l y r e s u l t i n a u s e f u l r e s i n c a p a c i t y . 



12 

I n t h e f i n a l t e s t , o x a l i c a c i d was added t o a c o n c e n t r a t i o n of 

0 . 0 5 ^ t o complex t h e f e r r i c i r o n . This p roved v e r y s u c c e s s f u l , s i n c e 

5000 bed volumes were p r o c e s s e d w i t h no i n c r e a s e i n t h e b r e a k t h r o u g h 

( F i g . 5 ) ; c l e a r l y , K d ' i s much l a r g e r than 5000 i n t h i s c a s e . There 

was a n o t h e r problem however , t h e o x a l i c a c i d c o n c e n t r a t i o n was 

s u f f i c i e n t l y l a r g e t h a t p a r t of t h e europium was p r e c i p i t a t e d . 

I n i t i a l l y t h e s o l i d formed a t h i n l a y e r on top of t h e r e s i n bed , and 

t h e f e e d c o n c e n t r a t i o n d e c r e a s e d s lowly by abou t 10%. A f t e r s e v e r a l 

d a y s , v e r y sma l l c r y s t a l s appea red i n t h e f e e d v e s s e l , and t h e f e e d 

c o n c e n t r a t i o n f i n a l l y d e c r e a s e d by abou t 50%. P e r i o d i c f e e d a n a l y s e s 

were made, a s i n d i c a t e d i n F i g . 5. Th i s problem c o u l d be a v o i d e d by 

u s i n g a s m a l l e r exces s of o x a l i c a c i d , because t h e i r o n complex 

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

e f f e c t i v e l y c o n t r o l l e d . 

The m o d i f i c a t i o n s s u g g e s t e d above might have some impact on t h e 

TRUEX f l o w s h e e t i f t h e e f f l u e n t s o l u t i o n i s r e c y c l e d w i t h i n t h e 

f l o w s h e e t o r t o t h e PFP, o p t i o n s t h a t have been c o n s i d e r e d i n some 

f l o w s h e e t v a r i a t i o n s . A r e d u c t a n t f o r i r o n would a l s o p r o b a b l y r educe 

any p l u t o n i u m t o t h e ( I I I ) s t a t e , i n which c a s e p l u t o n i u m would l o a d on 

t h e i o n exchange r e s i n a l o n g w i t h t h e amer ic ium. The r e d u c t a n t c o u l d 

e a s i l y be d e s t r o y e d b e f o r e r e c y c l i n g t h e e f f l u e n t , i f t h a t i s a d e s i r e d 

o p t i o n . The impact of o x a l i c a c i d i s l e s s c l e a r , and i t s h o u l d be 

examined. For example, low c o n c e n t r a t i o n s of o x a l i c a c i d might improve 

i r o n removal i n t h e s c r u b s e c t i o n of TRUEX, b u t i t s e f f e c t on p lu ton ium 

b e h a v i o r r e q u i r e s d e f i n i t i o n . 

The t h r e e c u r v e s w i t h i r o n i n t e r f e r e n c e ( F i g . 4) show a n e a r l y 

l i n e a r and p a r a l l e l b e h a v i o r , w i t h a s l o p e c o n s i d e r a b l y l e s s s t e e p t h a n 

f o r F i g . 1 - 3 . Th i s b e h a v i o r i s due t o t h e i n c r e a s e d c o m p e t i t i o n f rom 

t h e i r o n , which c a u s e s a s m a l l e r europium d i s t r i b u t i o n c o e f f i c i e n t once 

t h e column i s l o a d e d w i t h i r o n . The r e s u l t i s u n f a v o r a b l e , s i n c e a 

sma l l e x t e n t of b r e a k t h r o u g h o c c u r s r e l a t i v e l y e a r l y , s o , t h e u s a b l e 

f r a c t i o n of t h e ion-exchange c a p a c i t y i s much s m a l l e r ( l e s s t h a n a 

t housand bed volumes) t h a n f o r t h e o t h e r c a s e s ( g r e a t e r t h a n 10,000 bed 

v o l u m e s ) . 
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3 .2 DATA TREATMENT 

I t i s u s e f u l t o model Che sys tem m a t h e m a t i c a l l y f o r t h e p u r p o s e of 

s c a l i n g p e r f o r m a n c e of t h e i on -exchange p r o c e s s f rom t h e s m a l l t e s t 

columns t o l a r g e r columns o p e r a t i n g unde r d i f f e r e n t c o n d i t i o n s , and 

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

column t r a n s f e r . A l i m i t e d s t u d y was done t o f i t t h e g e n e r a l Thomas 

e q u a t i o n 4 t o t h e b r e a k t h r o u g h c u r v e s of F i g s . 1 - 3 . The i n t e g r a t e d form 

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

k i n e t i c s ( a p p r o p r i a t e t o i o n - e x c h a n g e ) , which was deve loped by H e i s t e r 

and Vermeulen , 5 • 6 was u s e d , 

The model u s e s t h r e e p a r a m e t e r s : (1) a t h r o u g h p u t p a r a m e t e r , T, 

which i s r e l a t e d t o K d ' a s d e f i n e d above ; (2) N, t h e l e n g t h of t h e 

column e x p r e s s e d a s t h e number of t r a n s f e r u n i t s ; and (3) a s e p a r a t i o n 

f a c t o r , R, which i s e x p e c t e d t o b e abou t u n i t y f o r t h e p r o c e s s and 

c o n d i t i o n s c o n s i d e r e d h e r e . E m p i r i c a l l y , however , t h e c u r v e s f o r R < 1 

g i v e b e t t e r f i t s t o t h e d a t a of F i g s . 1 - 3 . Va lues f o r N a p p e a r t o be 

i n t h e r e g i o n of 50 f o r Runs 1 - 3 , w i t h no l a r g e e f f e c t f rom f l o w r a t e . 

I n t h e r u n s w i t h i r o n , N was much s m a l l e r , a round 10. 

These p a r a m e t e r s can be c o n v e r t e d t o new v a l u e s f o r s p e c i f i e d 

o p e r a t i n g c o n d i t i o n s , and t h e b r e a k t h r o u g h c u r v e s can t h e n b e 

c a l c u l a t e d f o r t h o s e c o n d i t i o n s . The p a r a m e t e r , N, i s r e l a t e d t o 

e x p e r i m e n t a l c o n d i t i o n s by t h e e q u a t i o n : 

N - K d ' K a ( v / f ) , 

where Ka i s t h e mass t r a n s f e r c o e f f i c i e n t , v t h e r e s i n bed volume, and 

f t h e f e e d f l o w r a t e . Thus, N i s d i r e c t l y p r o p o r t i o n a l t o ( v / f ) , which 

i s t h e r e s i d e n c e t i m e . A c c o r d i n g l y , as t h e i on exchange column s i z e i s 

i n c r e a s e d a t a g i v e n f l o w r a t e , o r m u l t i p l e columns a r e used t o g i v e a 

l a r g e r r e s i n volume, N w i l l i n c r e a s e i n p r o p o r t i o n t o t h e r e s i d e n c e 

t i m e . With columns as s m a l l a s t h e t e s t columns, however, l e n g t h and 

d i a m e t e r can a l s o i n f l u e n c e N; i t i s n o t u n u s u a l f o r N t o be l a r g e r 

w i t h a w e l l - d e s i g n e d p l a n t column t h a n w i t h a s m a l l t e s t column w i t h 

t h e same bed r e s i d e n c e t i m e . 



14 

The d i s t r i b u t i o n c o e f f i c i e n t , K j ' , depends on c h e m i c a l c o n d i t i o n s 

such as t h e type of r e s i n and c o n c e n t r a t i o n s of a c i d , i r o n , e t c . , and 

i s n o t a f u n c t i o n of p h y s i c a l p a r a m e t e r s such a s f l o w r a t e or column 

d i m e n s i o n s . I n t h i s c a s e , i t i s i n f l u e n c e d p r i m a r i l y by a c i d concen-

t r a t i o n and , a s n o t e d above , i s 18 ,000 f o r 0 . 1 5 M HNO3. I t can be 

e s t i m a t e d f o r sma l l changes i n c o n d i t i o n s , o r i t can be measured; b u t 

c a r e must be t a k e n t h a t t h e r e s i n i s a c t u a l l y i n i t s e q u i l i b r i u m 

c o m p o s i t i o n . S e v e r a l f a c t o r s can a f f e c t K a , n o t a b l y t h e r e s i n p a r t i c l e 

s i z e . For a g i v e n s e p a r a t i o n , t h e e f f e c t of changes i n e x p e r i m e n t a l 

c o n d i t i o n s on R i s presumed t o be s m a l l . 

For s c a l i n g p u r p o s e s , i t w i l l b e n e c e s s a r y t o o b t a i n d a t a over a 

wide r r a n g e of c o n d i t i o n s and , p r e f e r a b l y , w i t h l a r g e r columns.The 

e x p e c t e d e f f e c t of f l o w r a t e on N was n o t o b s e r v e d i n t h e s e t e s t s , b u t 

t h a t may be because of t h e sma l l column s i z e s and t h e s h o r t r e s i d e n c e 

t i m e s . I n p r a c t i c e , t h e r e s i d e n c e Lime may be c o n s i d e r a b l y l o n g e r t h a n 

t h o s e u sed h e r e , b u t e x p e r i m e n t s unde r such c o n d i t i o n s would r e q u i r e 

many days t o c o m p l e t e . 

3 . 3 APPLICATION 

The n a t u r e of t h e p r o c e s s can be v i s u a l i z e d by c o n s i d e r i n g an 

example . The maximum f l o w r a t e of t h e amer ic ium p r o d u c t f o r t h e 

r e f e r e n c e TRUEX f l o w s h e e t i s 150 L A - I f an e f f e c t i v e r e s i n c a p a c i t y 

of 10 ,000 bed volumes i s assumed (which i s c o n s e r v a t i v e w i t h a K d ' of 

1 8 , 0 0 0 ) , t h e r e s i n r e q u i r e m e n t f o r americ ium r e c o v e r y i s 0 .36 L / d . 

A f t e r r e s i n b u r n i n g ( s e e n e x t s e c t i o n ) , t h e r e f e r e n c e volume of t h e 

s o l i ^ americ ium w a s t e would be abou t 40 t o 50 mL/d. 

I f i r o n o r o t h e r i m p u r i t i e s a r e p r e s e n t t h e volumes might be 

s i g n i f i c a n t l y l a r g e r . On t h e o t h e r hand , t h e r e a r e p o s s i b l e m o d i f i -

c a t i o n s of t he TRUEX f l o w s h e e t , i n v o l v i n g r e f l u x w i t h i n t h e p r o c e s s , 

which would y i e l d a s e v e r a l - f o l d s m a l l e r americium p r o d u c t volume, and 

t h e r e f o r e a s m a l l e r r e s i n r e q u i r e m e n t . The minimum r e s i n r e q u i r e m e n t , 

l i m i t e d by r e s i n c a p a c i t y , i s of t h e o r d e r of 90 mL/d, and t h e 

c o r r e s p o n d i n g f i n a l w a s t e volvrme abou t 15 mL/d. 
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An example of p o s s i b l e p r o c e s s p a r a m e t e r s f o l l o w s . I f t h e p r o c e s s 

i s o p e r a t e d f o r 120 c o n s e c u t i v e h o u r s (5 f u l l days) p e r week a t 

150 L /h , a 2-L i on exchange r e s i n volume s h o u l d be a d e q u a t e f o r t h e 

f u l l week. To p r o v i d e a s a f e t y marg in , two such columns i n s e r i e s 

c o u l d be u s e d , w i t h t h e ups t r eam column removed a s p r o d u c t a f t e r each 

week of o p e r a t i o n , t h e second column advanced t o t h e u p s t r e a m p o s i t i o n , 

and a new column p l a c e d downstream from i t . The r e s i n bed r e s i d e n c e 

t ime would be 48 s f o r each column, 96 s t o t a l . The column removed 

f rom s e r v i c e a f t e r each week of o p e r a t i o n would be l o a d e d somewhat 

s h o r t of t h e p o i n t a t which s i g n i f i c a n t b r e a k t h r o u g h shou ld o c c u r , b u t 

i f b r e a k t h r o u g h d i d occur i t would be c a u g h t on t h e second column. 

A f t e r d r y i n g and i g n i t i n g t h e r e s i n , t h e i n i t i a l 2 -L volume s h o u l d be 

r e d u c e d t o a p p r o x i m a t e l y 0 . 2 5 L of g r a n u l a r , s o l i d w a s t e . 

4 . RESIN IGNITION TESTS 

The loaded ion -exchange r e s i n c o u l d be c o n v e r t e d t o a s o l i d 

a p p r o p r i a t e f o r d i s p o s a l by a number of a p p r o a c h e s , depend ing on what 

t h e f i n a l r e q u i r e m e n t s a r e f o r t h e w a s t e fo rm. The res . in beads 

t h e m s e l v e s a r e a p o s s i b l e w a s t e form. D i r e c t m o d i f i c a t i o n s i n c l u d e 

(1) t h e r m a l d e c o m p o s i t i o n i n t h e absence of oxygen and (2) i g n i t i o n 

w i t h oxygen. Both of t h e s e p r o c e s s e s have been i n v e s t i g a t e d t o v a r y i n g 

e x t e n t s . I f a m o n o l i t h i c w a s t e form i s r e q u i r e d , any of t h e s e t h r e e 

p r o d u c t s c o u l d b e i n c o r p o r a t e d i n one o r more of a v a r i e t y of s o l i d s , 

such as c o n c r e t e , c e r m e t s , o r g l a s s . 

For many y e a r s , americ ium and curium have been p r e p a r e d i n t h i s 

manner f o r i r r a d i a t i o n i n t h e High Flux I s o t o p e R e a c t o r (HFIR).7 The 

amer ic ium and cur ium a r e l o a d e d on t h e r e s i n f rom d i l u t e n i t r i c a c i d ; 

t h e r e s i n i s d r i e d and burned by h e a t i n g t o 800°C i n a q u a r t z i o n -

exchange column w i t h f l o w i n g a i r ; t h e o x i d i z e d p a r t i c l e s a r e t r e a t e d 

w i t h 4% H2 i n a rgon t o remove p a r t of t h e s u l f u r , and t h e n r e o x i d i z e d 

w i t h a i r , a l l a t 800°C. F i n a l l y , t h e p a r t i c l e s a r e f i r e d a t 1050°C 

b e f o r e t h e y a r e mixed w i t h aluminum powder and p r e s s e d i n t o p e l l e t s f o r 

i r r a d i a t i o n . 
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An e a r l i e r s t u d y , 8 which u s e d neodymium as a s t a n d - i n f o r t r i v a l e n t 

a c t i n i d e s , demons t r a t ed t h a t t h e p r o d u c t over a wide t e m p e r a t u r e range 

was Nd 2 0 2 S0^, which decomposed t o t h e s e s q u i o x i d e (Nd 2 0 3 ) o n l y above 

1000°C. The we igh t <-' -vge i n t h e p r e s e n t s t u d y w i t h europium i s more 

c o n s i s t e n t w i t h a d i f f e r e n t o x y s u l f a t e c o m p o s i t i o n , E u 2 0 ( S 0 A ) 2 , b u t t h e 

a c t u a l c o m p o s i t i o n was n o t d e t e r m i n e d . 

Thermal decompos i t i on of loaded r e s i n beads i n t h e absence of 

oxygen p r o d u c e s a b l a c k , f r e e - f l o w i n g s p h e r i c a l p r o d u c t ; b u t decompo-

s i t i o n p r o d u c t s , i n c l u d i n g c o p i o u s s u l f u r - c o n t a i n i n g o r g a n i c v a p o r s , 

c o u l d c a u s e some o p e r a t i o n a l p rob lems . The u l t i m a t e p r o d u c t i s p rob -

a b l y an o x y s u l f a t e i n t e r s p e r s e d i n a c a r b o n m a t r i x . 

I g n i t i o n of a l a y e r of r e s i n beads i n a i r y i e l d s a g r e y - c o l o r e d , 

f r e e - f l o w i n g s p h e r i c a l m a t e r i a l w i t h c o n s i d e r a b l y r e d u c e d volume; i t i s 

p r i m a r i l y an o x y s u l f a t e compound of t h e m e t a l s t h a t h a d been l o a d e d on 

t h e r e s i n . Dur ing t h e p r o c e s s , g a s e s , c o n s i s t i n g of H20, H2S, CO, and 

C02 a r e evo lved a s t h e r e s i n b e a d s a r e c h a r r e d b l a c k . As t h e tempera-

t u r e i s i n c r e a s e d t o n e a r 600°C, t h e beads glow ( i g n i t e ) and b u r n 

s l o w l y , l e a v i n g a l i g h t a sh on t h e s u r f a c e ; t h i s b e h a v i o r g r e a t l y 

r e s e m b l e s t h a t of c h a r c o a l b r i q u e t s . 

An expe r imen t was c a r r i e d ou t to e s t i m a t e t h e w e i g h t and volume of 

t h e p r o d u c t from b u r n i n g eu rop ium- loaded r e s i n (Tab le 2 ) . I n each c a s e 

T a b l e 2 . P r o p e r t i e s of eu rop ium- loaded r e s i n a f t e r i g n i t i o n 

Exp. I n i t i a l q u a n t i t i e s Dry r e s i n A f t e r i g n i t i o n Weight" as 
No. T o t a l Eu T o t a l r e s i n we igh t Volume Weight Eu20(S0<)2 

(ntt) (mL) (g) (mL) (g) (g) 

1 7. 61 10 4. 95 1. ,4 1. .47 1 .95 
2 6. ,08 10 4. ,84 1. ,5 1, .45 1 .56 
3 5. .07 10 4. .35 1. , 6 1, .27 1 .30 
4 4. .06 10 4. .43 1. .2 1, .07 1 .04 
5 3. .04 10 4. .39 1. .3 0 .78 0 .78 
6 2 .55 10 4 .23 1 .2 0 .64 0 . 6 5 

"Weight of t h e t o t a l i n i t i a l q u a n t i t y of europium a s t h e o x y s u l f a t e . 
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10 mL of r e s i n was u s e d , and t h e europium l o a d i n g was v a r i e d from n e a r 

s a t u r a t i o n of t h e r e s i n by adding e x c e s s europium, t o a p p r o x i m a t e l y 40% 

of c a p a c i t y by a d d i n g i n s u f f i c i e n t europium. A f t e r d r y i n g a t 105°C, 

t h e r e s i n weighed be tween 4 . 2 and 4 . 9 g; i t s volume was n o t measured 

because t h e e l e c t r o s t a t i c cha rge made i t d i f f i c u l t t o h a n d l e . However, 

a f t e r i g n i t i o n , h a n d l i n g p r e s e n t e d no p rob lem. The volume was ~15% of 

t h e o r i g i n a l r e s i n volume f o r r e s i n l o a d e d t o n e a r s a t u r a t i o n , and -12% 

of t h e o r i g i n a l volume f o r r e s i n l o a d e d t o be tween 40 and 75% of s a t u -

r a t i o n . R e s i n i n t h e H + - form, v i t h no added europium, l e f t e s s e n t i a l l y 

no a s h . 

The w e i g h t of t h e p r o d u c t c o r r e s p o n d e d w e l l w i t h t h e we igh t of t h e 

europium added, c a l c u l a t e d a s t h e o x y s u l f a t e , E u 2 0 ( S 0 f t ) 2 , e x c e p t f o r 

t h e f i r s t two c a s e s i n which e x c e s s europium was added. The maximum 

c a p a c i t y of t h e r e s i n , 0 .57 mol/L ( 1 . 7 meq/mL), l i m i t e d t h e europium 

c o n t e n t t o 1 .45 g of europium o x y s u l f a t e i n t h e f i r s t two c a s e s , a g a i n 

i n good agreement w i t h t h e q u a n t i t y f o u n d . 

The i g n i t e d beads were s t a b l e I n a i r , showing a l m o s t no w e i g h t 

g a i n and no change i n appea rance a f t e r s t a n d i n g i n w a t e r - s a t u r a t e d a i r 

a t room t e m p e r a t u r e f o r s e v e r a l months . There have b e e n r e p o r t s of 

r a r e e a r t h o r a c t i n i d e ox ide m i c r o s p h e r e s decomposing s l o w l y t o a 

powder on s t a n d i n g i n a i r , p resumably due t o c o n v e r s i o n t o a c a r b o n a t e . 

There was no e v i d e n c e f o r t h i s w i t h t h e europium p r o d u c t p r e p a r e d h e r e . 

Pho tog raphs of t y p i c a l p r o d u c t s f rom h i g h l y l o a d e d r e s i n (Exp. No. 

1, Tab le 2) a r e shown i n F i g . 6, and comparable p h o t o g r a p h s f o r 

p r o d u c t s f rom t h e r e s i n l oaded t o 40% of s a t u r a t i o n (Exp. No. 6) a r e 

shown i n F i g . 7. A common appea rance w i t h t h e more h i g h l y l o a d e d r e s i n 

(Exps. No. 1 t o 4-) i s a g l a s s y s h e l l w i t h an opaque, i l l - d e f i n e d c o r e . 

When t h e beads were c r u s h e d , f r a g m e n t s of b o t h m a t e r i a l s ( t h i n 

t r a n s p a r e n t s h e l l and i r r e g u l a r w h i t e c o r e ) were o b s e r v e d . The b e a d s 

f rom Exps. No. 5 and 6 showed a roughe r s u r f a c e which a p p e a r e d t o be 

l e s s g l a s s y . They c o u l d be c ru shed v e r y e a s i l y , y e t t h e y d i d n o t t e n d 

t o b r e a k up o r form powder d u r i n g normal h a n d l i n g , p o u r i n g , e t c . 



Fig . 6. Photographs of europium o x y s u l f a t e p roduc t from r e s i n 
l o a d i n g exper iment No. 1. 



Fig. 7. Photographs of europium oxysul fa te product from r e s i n 
loading experiment No. 6. 
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There a r e s e v e r a l ways to i g n i t e t h e r e s i n b e a d s . The s i m p l e s t i s 

t o b u r n a r e a s o n a b l y t h i n l a y e r or bed of r e s i n b e a d s In a i r i n an 

a p p r o p r i a t e c o n t a i n e r ; a s n o t e d b e f o r e , a t e m p e r a t u r e of 700°C f o r 

s e v e r a l h o u r s was u s e d , b u t a lower t e m p e r a t u r e may b e a d e q u a t e . Under 

t h e s e c o n d i t i o n s , t h e b u r n i n g f r o n t glows a d u l l r e d c o l o r as t h e b l a c k 

beads a r e c o n v e r t e d t o s m a l l e r s p h e r e s of l i g h t g rey c o l o r . A l t e r n a -

t i v e l y , t h e r e s i n can be bu rned i n a column c o n f i g u r a t i o n w i t h f l o w i n g 

a i r , a s i s done f o r t h e HFIR t a r g e t m a t e r i a l , b u t t h e r e i s danger of 

o v e r h e a t i n g i n t h e b u r n i n g zone u n l e s s p r o p e r p r e c a u t i o n s a r e t a k e n . 

I n a l l c a s e s , t he o f f - g a s w i l l c o n t a i n s u l f u r and o t h e r g a s e s which 

must be h a n d l e d p r o p e r l y . 

5. RECOMMENDED FURTHER WORK 

The work was t e r m i n a t e d because of f u n d i n g l i m i t a t i o n s b e f o r e i t 

was comple t ed . I n g e n e r a l , t h e approach i s p r o m i s i n g and no u n s o l v a b l e 

p rob lems were found; b u t s e v e r a l p o t e n t i a l problem a r e a s were i d e n t i -

f i e d which r e q u i r e a d d i t i o n a l s t u d y . S c o u t i n g e x p e r i m e n t s s u g g e s t e d 

app roaches f o r r e s o l v i n g t h e s e d i f f i c u l t i e s , b u t f i n a l v e r i f i c a t i o n and 

i n t e g r a t i o n of t h i s s t e p i n t o t h e TRUEX p r o c e s s remains t o b e done . 

Some s u b j e c t a r e a s n e e d i n g more a t t e n t i o n a r e l i s t e d be low. 

1 . B e t t e r d e f i n i t i o n of t h e i on -exchange l o a d i n g and b r e a k -

th rough c u r v e s i s needed w i t h f e e d s (TRUEX americ ium p r o d u c t s ) more 

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

r ange of p a r a m e t e r s t h a t would i n c l u d e any r e a s o n a b l e f l o w s h e e t 

v a r i a t i o n t h a t may come up . Th i s depends on b e t t e r TRUEX f l o w s h e e t 

d e f i n i t i o n . The- p r e s e n c e of i r o n and o t h e r i m p u r i t i e s i s p a r t i c u l a r l y 

i m p o r t a n t . 

2 . The i r o n i n t e r f e r e n c e problem r e q u i r e s more work. Both 

r e d u c t i o n t o f e r r o u s and o x a l a t e complexa t i on a r e p r o m i s i n g , p a r t i c u -

l a r l y t h e l a t t e r . A d d i t i o n a l e x p e r i m e n t a l work, such as chang ing 

o x a l a t e t o i r o n r a t i o s , i s r e q u i r e d t o e s t a b l i s h t h e p r o p e r c o n d i t i o n s 

t o minimize t h i s i n t e r f e r e n c e . At t h e same t i m e , t h e TRUEX p r o c e s s 
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must be examined to e s t a b l i s h whether or not t he re i s any complication 
introduced i f these means are used to con t ro l i r on . 

3. Depending on a d d i t i o n a l informat ion regarding i ron scrubbing 
i n TRUEX, a wider range of i ron concent ra t ions in the americium product 
may requ i re i n v e s t i g a t i o n . On the other hand, i t i s pos s ib l e t h a t i ron 
can be t o l e r a t e d in the americium product so t h a t poorer scrubbing 
might be acceptable in the TRUEX process , thereby r e l ax ing the r equ i re -
ments in t ha t s t ep . This might be the case i f (1) i ron can be d e a l t 
with adequately in the ion-exchange process and (2) any other impuri-
t i e s do not inc rease the r e s i n requirement and the f i n a l americium 
waste quan t i ty to an undesi red ex ten t . I t i s poss ib l e t h a t some 
d i l u t i o n of the s o l i d americium product might be advantageous (or a t 
l e a s t not disadvantageous) f o r prepar ing the f i n a l waste form. 

4. A d e f i n i t i o n of product s p e c i f i c a t i o n s f o r the americium 
recovery process (both the aqueous e f f l u e n t from the process and the 
s o l i d americium product) i s requi red so t h a t the process can be 
proper ly designed. Since recycle between t h i s s t e p and the TRUEX 
process i s c e r t a i n l y pos s ib l e , the study must include i n t e g r a t i o n 
wi th in the ove ra l l ope ra t ion . 

5. To provide g r e a t e r confidence i n s c a l i n g the t e s t r e s u l t s to 
p l a n t opera t ions , a few l a r g e r - s c a l e experiments with europium t r a c e r 
should be c a r r i e d out a f t e r opera t ing cond i t ions a r e b e t t e r de f ined . 
The ion-exchange process has o f t e n met with unusual success wi th 
r e spec t to scaleup, bu t one should not push h i s luck unnecessa r i ly . 

6. F i n a l l y , t o v e r i f y a l l the work, a t l e a s t one t e s t wi th 
americium i s recommended f o r the f i n a l f lowsheet t h a t evolves from t h i s 
work. A small matr ix of t e s t s to de f ine the f i n a l condi t ions would be 
most advantageous. 
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