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APPLICATION OF N,N-DIALKYL ALIPHATIC AMIDES I N  THE SEPARATION OF 
SOME ACTINIDES 

G .  M. G a s p a r i n i  and G .  G r o s s i  
Comitato Naz iona le  p e r  1 ' E n e r g i a  Nuc lea re  

F u e l  Cycle  Department 
C.S.N. d e l l a  C a s a c c i a ,  I t a l y  

ABSTRACT ____ 

N,N-dialkyl  s u b s t i t u t e d  a l k y l  amides a r e  known t o  b e  good 
e x t r a c t a n t s  of some a c t i n i d e s  such  as  U ,  Pu,  and Th. T h e i r  
s t a b i l i t y  i s  comparable  t o  t h a t  o f  TBI', and t h e i r  d e g r a d a t i o n  
p r o d u c t s  d o  n o t  i n t e r f e r e  as do  t h e  d e g r a d a t i o n  p r o d u c t s  of TBP. 
On t h e  o t h e r  hand,  t h e  p r i n c i p a l  d i s a d v a n t a g e  o f  t h e  amides i s  
t h e i r  tendency t o  form p o o r l y  s o l u b l e  U a d d u c t s  i n  o r g a n i c  
d i l u e n t s .  

A s y s t e m a t i c  i n v e s t i g a t i o n  h a s  been c a r r i e d  o u t  on t h e  
e x t r a c t i v e  b e h a v i o r  of two t y p i c a l  a l k y l  amides of d i f f e r e n t  
s t r u c t u r e g + w i t h  r e s p e c t  t o  t h e  a c t i n i d e  i o n s  UO$+, Th4+, N P + ~ ,  
Puf4,  Np02, PuO$+, Pu3+, and Am3+, as well as w i t h  r e s p e c t  t o  
t h e  most s i g n i f i c a n t  f i s s i o n  p r o d u c t s .  The r e s u l t s  o b t a i n e d  
have  been compared w i t h  t h o s e  o b t a i n e d  u s i n g  TBP i n  t h e  same 
e x p e r i m e n t a l  c o n d i t i o n s ,  v e r i f y i n g  t h e  a p p l i c a b i l i t y  o f  amides i n  
t h e  s e p a r a t i o n  of U from Th. 

INTRODUCTION 

During t h e  l a s t  twenty y e a r s  d i f f e r e n t  p u b l i c a t i o n s  have 

p o i n t e d  o u t  t h e  r emarkab le  p r o p e r t i e s  of N,N-dialkyl  a l k y l  amides 

i n  t h e  f i e l d  o f  s e p a r a t i o n s  c h e m i s t r y :  

R '  - C.,P,R 
\ 

R N ._ 
R '  = C4 - C8 

R = c3 = c4 

825 
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826 GASPARINI AND GROSS1 

These s u b s t a n c e s  a r e  a b l e  t o  form s t a b l e  c o o r d i n a t i o n  compounds 

w i t h  d i f f e r e n t  m e t a l l i c  i o n s  (1-3). 

N ,N-d i subs t i t u t ed  amides show a n  e x t r a c t i n g  c a p a c i t y  w i t h  

r e g a r d  t o  t h e  t e t r a v a l e n t  and h e x a v a l e n t  a c t i n i d e s  so marked a s  

t o  s u g g e s t  t h e  i n t r o d u c t i o n  of  t h e s e  compounds as a l t e r n a t i v e  

e x t r a c t a n t s  t o  t r i b u t y l  phospha te .  T h i s  p r o p o s a l  cou ld  b e  

p a r t i c u l a r l y  i n t e r e s t i n g  when t h i s  so w i d e l y  used e x t r a c t a n t  

undergoes a n  e l e v a t e d  r a d i o l y t i c  d e g r a d a t i o n  d u r i n g  t h e  r e p r o -  

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

and monobutylphosphates  (DBP and MBP) which might  cause  s e v e r e  

sho r t comings .  The p r i n c i p a l  advan tage  o f  t h e s e  new compounds 

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

chemica l  and r a d i o l y t i c  d e g r a d a t i o n .  Fu r the rmore ,  t h e i r  

d e g r a d a t i o n  p r o d u c t s  (amines and  c a r b o x y l i c  a c i d s )  do n o t  a f f e c t  

t h e  c o r r e c t  vo:king of  t h 2  e x t r a c t i o n  p r o c e s s  (as do E3P 3n.d HBP) 

and can be e a s i l y  washed o u t  o f  t h e  e x t r a c t a n t .  

On t h e  o t h e r  s i d e ,  a n e g a t i v e  c h a r a c t e r i s t i c  o f  some amides 

i s  t h e  t endency  t o  form a t h i r d  l i q u i d  phase  o r  a p r e c i p i t a t e  

w i t h  n i t r i c  a c i d  and uranium above c e r t a i n  c o n c e n t r a t i o n s .  Another  

p e c u l a r i t y  of amides ,  p o i n t e d  o u t  i n  p r e v i o u s  p u b l i c a t i o n s  ( 4 ) ,  

i s  t h e  i n f l u e n c e  o f  t h e  m o l e c u l a r  s t r u c t u r e  on t h e  e x t r a c t i n g  

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

We have examined t h e  p r e p a r a t i o n  and t h e  c h a r a c t e r i z a t i o n  

of a s e r i e s  of amides t o  v e r i f y  t h e  e f f e c t  o f  t h e  a l i p h a t i c  

s t r u c t u r e  on t h e i r  e x t r a c t i n g  c a p a c i t y  and on t h e  f o r m a t i o n  of 

t h i r d  phases .  In t h i s  work w e  have compared t h e  b e h a v i o r  of some 

of  t h e s e  amides w i t h  t h a t  of  TBP, and a t  t h e  same t ime  w e  have t r i e d  

t o  u t i l i z e  t h e  s p e c i f i c  p r o p e r t i e s  o f  t h e s e  compounds i n  some 

o r i g i n a l  p r a c t i c a l  a p p l i c a t i o n s .  Here we s u g g e s t  a n  a p p l i c a t i o n  

of t h e s e  compounds i n  a p e c u l i a r  problem i n v o l v e d  w i t h  t h e  

r e p r o c e s s i n g  o f  t h e  i r r a d i a t e d  f u e l s  o f  t h e  uranium-thorium c y c l e .  

EXPERIMENTAL 

The N,N-dialkyl  amides were p r e p a r e d  by a d d i n g  t h e  

c o r r e s p o n d i n g  a c y l  c h l o r i d e  t o  a c o o l e d  s o l u t i o n  o f  t h e  secondary  
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N,N-DIALKYL ALIPHATIC AMIDES 

amine i n  e t h e r  i n  t h e  p r e s e n c e  o f  t r i e t h y l a m i n e  ( 5 ) :  

R ' C O C l  + H-N=R2 +(C2H5)3N-*-R'CONR2 + (C2H5)3NHC1. 

The l i q u i d  amides w e r e  p u r i f i e d  by d i s t i l l a t i o n  unde r  vacuum. 

Only t h e  N,N-dicyclohexyl d e r i v a t i v e s  a r e  whi te  s o l i d s .  The amides  

were de te rmined  by p o t e n t i o m e t r i c  t i t r a t i o n  w i t h  p e r c h l o r i c  a c i d  

i n  a c e t i c  a n h y d r i d e  s o l u t i o n  o r  by g a s  chromatograph (2 m SS 

column w i t h  20% E 301 i n  s i l a n i z e d  Chromosorb W ) .  

D e t e c t i o n  o f  a t h i r d  p h a s e  o r  a p r e c i p i t a t e ,  a s  w e l l  as t h e  

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

by s h a k i n g  e q u a l  volumes of t h e  two p h a s e s  i n  a t e s t  t u b e  f o r  15 

min and by c e n t r i f u g i n g  f o r  5 min. Un les s  o t h e r w i s e  s p e c i f i e d ,  

m e s i t y l e n e  w a s  used as t h e  d i l u e n t ;  m e s i t y l m e  may be  c o n s i d e r e d  

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

a l s o  f o r  employment on l a r g e  scale .  The o r g a n i c  s o l u t i o n s  were 

a lways  p r e - e q u i l i b r a t e d  w i t h  n i t r i c  a c i d .  Uranium w a s  d e t e r m i n e d  

by t h e  d i b e n z o y l  methane method ( 6 ) ,  and t h o r i u m  w a s  de t e rmined  

by t h e  Thoron method ( 7 ) .  Uranium i n  t h e  p r e s e n c e  o f  t h o r i u m  w a s  

de t e rmined  by t h e  ammonium t h i o c y a n a t e  method ( 8 ) .  Thorium i n  t h e  

p r e s e n c e  o f  uranium w a s  d e t e r m i n e d  by a t i t r a t i o n  w i t h  EDTA ( 9 ) .  

233U, 239Pu, 237Np, 234Th, 95Nb, 9 5 Z r ,  Io6Rh, and Eu were 152-154 

used a s  t racers  w i t h o u t  t h e  a d d i t i o n  of s t a b l e  o r  l o n g e r - l i v e d  

i s o t o p e s .  Pu(1V) (americium f r e e )  w a s  s t a b i l i z e d  w i t h  0.02 _M 

n i t r o u s  a c i d ,  Np(IV) and P u ( I I 1 )  w i t h  0 .01 g f e r r o u s  s u l f a m a t e ,  

Pu(V1) w i t h  s i lver  p e r o x i d e ,  and Np(VI) w i t h  0 . l M  K B r 0 3 .  

u s u a l  beta-gamma c o u n t i n g  methods were u t i l i z e d ;  when n e c e s s a r y  a 

G e  i n t r i n s i c  d e t e c t o r  and a m u l t i c h a n n e l  a n a l y z e r  were u s e d .  A 

s u r f a c e  b a r r i e r  d e t e c t o r  w i t h  a m u l t i c h a n n e l  a n a l y z e r  w a s  used f o r  

a l p h a  c o u n t i n g .  

tests.  The samples  were i r r a d i a t e d  a t  t h e  same r a t i o  [HNO ] / 
[ e x t r a c t a n t ] ;  i n  t h e  amide t es t s  t h e  aqueous p h a s e  was p r e s e n t  

d u r i n g  t h e  i r r a d i a t i o n .  

The 

A 6oCo i r r a d i a t o r  was u t i l i z e d  f o r  t h e  i r r a d i a t i o n  

3 o r g  

The mixer-settlers u t i l i z e d  w e r e  6 - s t age  and 16 - s t age  CNEN 

mode l s .  
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RESULTS AND-DISCUSSION 

GASPARINI AND GROSS1 

S v n t h e s i s  and C h a r a c t e r i z a t i o n  o f  N,N-Dialkyl A l k y l  Amides - _ _ _ _ _ _ _ ~ - -  
Tor th is  s t u d y  some amides  of d i f f e r e n t  s t r u c t u r e s  have  bcen  

t,iken i n t o  c o n s i d e r a t i o n ,  namely :  

N ,  N-cl i c y c l o h e x y l  o c  t anamide  (DCHOA) 

N,N-tli-ii-lii~syl oc  t ,in,amidr ( D l I O r )  

N, N-d icvc lohexy l  n c e t a m i d e  (DCHAA) 

N ,N-di -n-buty l (  2-e t hy1)hexanamide  (DBEHA) 

I)CliOA .ind DHOA h a v i n g  t h e  same a c y l  r a d i c a l  d i f f e r  i n  t!ic r ad ic , iLs  

lmndcd t o  n i t r o g e n ;  DCHAA and DCHOA h a v i n g  t h e  same amine  r e s i d u e  

t l i l f e r  i n  t l i c  l e n g t h  of  acvl  r d d 1 c ~ 1 1 :  and DKEHA is a t v p j c a l  

ex  i m p 1  e o i  a l p h a - h i n d e r e d  ( w i t h  r e s p e c t  t o  c a r b o n y l )  N ,N-d ia lky l  

d m i d f .  T h e i r  p r e p a r < % t i o n  f rom t h e  a c y l  c h l o r i d e  and  t h e  s e c o n d a r y  

‘imine, a5 d e s c r i b e d  i n  t h e  e x p e r i m e n t a l  s e c t i o n ,  i s  e a s y  and  

givcs s a t i s f a c t o r y  y i e l d s .  T a b l e  1 shows t h e  most  s i g n i f i c a n t  

r<><cil ts i n  t h i s  c o n n e c t i o n .  

The s o l u b i l i t v  o f  t h e s e  amides  i s  g e n e r a l l y  e x t r e m e l y  low i n  

a q u c o u s  media  a n d ,  e x c e p t  f o r  t h e  a c e t a m i d e ,  v e r y  h i g h  i n  o r g a n i c  

d i  l u e n t s  ( T a b l e  Z), t h u s  showing a v e r y  p r o m i s i n g  b e h a v i o r  f o r  

a p p I i c a t i ~ > n  i n  l i q u i d - ]  i q u i d  e x t r a c t i o n .  

S t a b i l i t v  of Amides - _-_-- 
Tlie c h e m i c a l  s t a b i l i t y  of  N ,N-d ia lky l  amides  seems t o  be  

v e r v  h i g h ,  s i n c e  s a m p l e s  o f  amides  d i s s o l v e d  i n  m e s i t y l e n e  showed 

no  t r a c e  o f  d e g r a d a t i o n  even  a f t e r  some months of  c o n t i n u o u s  

c o n t a c t  w i L h  3 g n i t r i c  a c i d .  

I n  F i g .  1 t h e  r a d i a t i o n  s t a b i l i t y  o f  t h e  s y s t e m  DHOA-nitric 

a c i d - d i l u c n t  i s  compcircd w i t h  the  s t a b i l i t y  of rHP and  a t e r t i a r y  

arriiir unde r  s imi l a r  e x p e r i m e n t a l  c o n d i t i o n s .  The s t a b i l i t y  of 

t i l l5  amide i s  a t  l e a s t  s imi l a r  t o  t h a t  of TBP and  much b e t t e r  

tlidn t h a t  o f  t h e  t e r t i . 2 r y  amine  t e s t e d .  
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FIGURE 1. Comparison o f  t h e  r a d i o l y t i c  s t a b i l i t y  o f  a n  N,N-di- 
s u b s t i t u t e d  amide ( D H O A ) ,  a t e r t i a r y  amine,  and TBP. 
(1) I r r a d i a t e d  i n  t h e  p r e s e n c e  of  n i t r i c  a c i d .  

T h i r d  Phase  Forma t ion  

N,N-dialkyl  a l i p h a t i c  amides ,  d i s s o l v e d  i n  hydroca rbon  

d i l u e n t s  and c o n t a c t e d  w i t h  n i t r i c  ac id -u rany l  n i t r a t e  s o l u t i o n s ,  

may g i v e  r i s e  t o  t h e  f o r m a t i o n  of  a t h i r d  p h a s e ,  l i k e  some o t h e r  

v e r y  w e l l  i n v e s t i g a t e d  sys t ems  s u c h  as t e r t i a r y  amines and 

q u a t e r n a r y  ammonium compounds (10) .  The s t r u c t u r e  o f  t h e  amide,  

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

o f  amide,  n i t r i c  a c i d ,  and uranium, and t h e  p h a s e  r a t i o  may 

s t r o n g l y  a f f e c t  t h i s  t endency .  T a b l e  3 shows t h e  r e s u l t s  o b t a i n e d  

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

room t e m p e r a t u r e ,  f o r  d i f f e r e n t  c o n c e n t r a t i o n s  of amides ,  n i t r i c  

a c i d ,  and u r a n y l  n i t r a t e .  Only DHOA shows a n  e x c e l l e n t  b e h a v i o r  

f o r  a l l  the  e x p e r i m e n t a l  c o n d i t i o n s  t e s t e d ;  f u r t h e r m o r e ,  i t  shows 

t h e  s a m e  b e h a v i o r  even i f  d i s s o l v e d  i n  dodecane.  The d i c y c l o -  

h e x y l  a m i d e s ,  showing u n s a t i s f a c t o r y  g e n e r a l  pe r fo rmance ,  were 

d ropped  from f u r t h e r  e x p e r i m e n t s .  The a l p h a - s u b s t i t u t e d  amide 

shows a n  i n t e r m e d i a t e  b e h a v i o r .  Because of t h e  i n t e r e s t  o f  
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N,N-DIALKYL ALIPHATIC AMIDES 833 

v e r i f y i n g  t h e  i n f l u e n c e  of  t h e  s t r u c t u r e  on t h e  a c t i n i d e  e x t r a c t i o n ,  

i t  h a s  been  f u r t h e r  i n v e s t i j i a t e d ,  u s i n g  a lways  an o r g a n i c - t o -  

aqueous  p h a s e  r a t i o  o f  3 i n  o r d e r  t o  r e d u c e  t h e  r i s k  o f  t h i r d - p h a s e  

f o r m a t i o n .  

F u r t h e r  s t u d i e s  a r e  now i n  p r o g r e s s  aimed a t  c l a r i f y i n g ,  

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

new amides ,  t h e  r o l e  o f  t h e  m o l e c u l a r  s t r u c t u r e  of  t h e  amide w i t h  

r e s p e c t  t o  t h e  problem o f  t h i r d  p h a s e  f o r m a t i o n .  

- E x t r a c t i o n  of  A c t i n i d e s  

A s  ment ioned b e f o r e ,  f o r  a l l  s o l v e n t  e x t r a c t i o n  e x p e r i m e n t s  

o n l y  DHOA ( a  t y p i c a l  s t r a i g h t  c h a i n  N,N-dialkyl  a l i p h a t i c  amide)  

and DBEHA (a t y p i c a l  a lpha -b ranched  N ,N-d ia lky l  a l i p h a t i c  amide) 

have  been  u s e d .  The r e s u l t s  o b t a i n e d  w i t h  t h e s e  two d i f f e r e n t  

amides h a v e  been  compared w i t h  t h o s e  o b t a i n e d ,  a t  t h e  s a m e  

e x p e r i m e n t a l  c o n d i t i o n s ,  w i t h  TBP. A c o n c e n t r a t i o n  o f  1 g of t h e  

amides i n  t h e  s e l e c t e d  d i l u e n t  ( m e s i t y l e n e )  w a s  chosen ,  

c o r r e s p o n d i n g  c l o s e l y  t o  t h e  m o l a r i t y  o f  30% TBP. 

F i g u r e s  2 ,  3, and 4 c o l l e c t  t h e  r e s u l t s  o b t a i n e d  f o r  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  some a c t i n i d e  i o n s  a t  d i f f e r e n t  

aqueous  n i t r i c  a c i d  c o n c e n t r a t i o n s .  Data c o n c e r n i n g  t h e  most 

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

p r e s e n t e d .  The f o l l o w i n g  c o n s i d e r a t i o n s  c a n  be  deduced:  

N i t r i c  a c i d  - The ex t r ac t ive  b e h a v i o r  i s  e s s e n t i a l l y  t h e  

same w i t h  t h e  two amides and TBP. 

Uranium(V1) - The e x t r a c t i n g  c a p a c i t y  i s  e s s e n t i a l l y  t h e  

same w i t h  t h e  two amides ,  and v e r y  s imi l a r  t o  t h a t  o f  TBP. 

The uranium l o a d i n g  c a p a c i t y  ( F i g u r e s  5 and 6) i s  h i g h  w i t h  

DHOA ( abou t  80 g / k )  and n o t  v e r y  h i g h  w i t h  DBEHA (8 g / k ) ;  

f o r  t h e  h i n d e r e d  amide,  t h e  l o a d i n g  v a l u e  i s  r e f e r r e d  t o  t h e  

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

p h a s e .  The b e s t  a c i d i t y  f o r  e x t r a c t i o n  i s  3 HN03;  v e r y  low 

v a l u e s  o f  d i s t r i b u t i o n  c o e f f i c i e n t s  are  o b t a i n e d  a t  a c i d i t i e s  

lower t h a n  0.2 3 H N 0 3 ,  t h u s  p e r m i t t i n g  v e r y  e a s y  s t r i p p i n g  

o f  uranium. T h i s  i s  a r e m a r k a b l e  a d v a n t a g e  o v e r  TBP. 
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834 GASPARINI AND GROSS1 

h /'A Pu VI 

0.96 M in mesityiene 

FIGURE 2 .  E x t r a c t i o n  c o e f f i c i e n t s  f o r  t h e  a c t i n i d e s ,  f i s s i o n  
p r o d u c t s ,  and n i t r i c  a c i d  as a f u n c t i o n  of  t h e  aqueous 
n i t r i c  a c i d  c o n c e n t r a t i o n  a t  2 1 O C :  DHOA. 

Hexavalent a c t i n i d e s  - With DHOA, U(VI), Np(VI), and Pu(V1) 

show p r a c t i c a l l y  i d e n t i c a l  e x t r a c t i v e  behavior ,  i n  c o n t r a s t  

t o  TBP systems where Pu(V1) i s  much less e x t r a c t e d  than  

u(VI) (11). With DBEHA, t h e r e  i s  an e v i d e n t  d i f f e r e n c e  i n  

behavior ,  t h e  e x t r a c t i n g  c a p a c i t y  fo l lowing  t h e  o r d e r  U(V1) > 
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/’ , 

FIGURE 3. E x t r a c t i o n  c o e f f i c i e n t s  f o r  t h e  a c t i n i d e s ,  f i s s i o n  
p r o d u c t s ,  and n i t r i c  a c i d  a s  a f u n c t i o n  of t h e  aqueous  
n i t r i c  a c i d  c o n c e n t r a t i o n  a t  2 1 ° C :  DBEHA. 

N p ( V 1 )  > P u ( V I ) ,  and a s e p a r a t i o n  of uranium(V1) from 

plutonium(V1) a p p e a r s  t o  b e  p o s s i b l e .  

- T e t r a v a l e n t  a c t i n i d e s  - With DHOA, Np(IV) and Pu(IV), showing 

a n  e s s e n t i a l l y  i d e n t i c a l  b e h a v i o r ,  e x h i b i t  t h e  h i g h e s t  

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

t e s t e d .  I n  t h e  a c i d i t y  r a n g e  e x p l o r e d ,  t h e y  are  b e t t e r  
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836 GASPARINI AND GROSS1 

FTC7,1WE 4 .  E x t r a c t i o n  c o e f f i c i e n t s  f o r  t h e  a c t i n i d e s ,  f i s s i o n  
p r o d u c t s ,  a n d  n i t r i c  a c i d  as  a f u n c t i o n  o f  t h e  aqueous  
n i t r i c  a c i d  c o n c e n t r a t i o n  a t  2 1 ° C :  TBP. 
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5 

FIGURE 5. E q u i l i b r i u m  i s o t h e r m  of uranium(V1) e x t r a c t i o n  by 1 fl 
N,N-dihexyl oc t anamide  i n  m e s i t y l e n e  p r e e q u i l i b r a t e d  
w i t h  3 8 n i t r i c  a c i d .  

e x t r a c t e d  t h a n  U ( V T ) ,  i n  c o n t r a s t  t o  TBP, by which Pu(1V) 

and e s p e c i a l l y  Np(1V) a re  much less  e x t r a c t e d  t h a n  U ( V 1 ) .  

The e x t r a c t i o n  o f  Th is a lways  v e r y  l o w ,  e s p e c i a l l y  i f  

compared w i t h  the e x t r a c t i o n  i n  TBP sys t ems .  

t h e  r a t i o  R 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  w i t h  DHOA t o  

t h o s e  w i t h  DBEHA i s  

A t  2 5 HN03,  

= 1 4  R(Th) = R(NP IV) = 230 R(Pu IV) 

The same r a t i o  f o r  uranium(V1) i s  1 .6 .  A s  a consequence,  

h i n d e r e d  amides seem t o  b e  v e r y  p r o m i s i n g  f o r  t h e  s e p a r a t i o n  
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1 / 
/ 

FICURE 6 .  E q u i l i b r i u m  i s o t h e r m  of uranium(V1) e x t r a c t i o n  by 1 
N,N-dibutyl  2-ethylhexanamide in m e s i t y l e n e  
p r e e q u i l i b r a t e d  w i t h  3 g n i t r i c  a c i d .  

o f  uranium from t e t r a v a l e n t  a c t i n i d e s ,  and  i n  t h i s  r e s p e c t  

t h e y  s h o u l d  b e  much more e f f e c t i v e  t h a n  TBP. 

T r i v a l e n t  a c t i n i d e s  - The e x t r a c t i o n  o f  P u ( I I 1 )  and Am(II1) 

w i t h  amides i s  low in a l l  e x p e r i m e n t a l  c o n d i t i o n s  t e s t e d ,  

f o l l o w i n g  a s imilar  b e h a v i o r  w i t h  TBP. The i n c r e a s e  o f  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  P u ( I I 1 )  a t  h i g h  a c i d i t y  v a l u e s  i s  

p robab ly  due t o  t h e  t endency  o f  o x i d a t i o n  o f  P u ( I I 1 )  t o  Pu(1V) 

a t  h i g h  n i t r i c  a c i d  c o n c e n t r a t i o n .  

F i s s i o n  p r o d u c t s  - The r e s u l t s  o b t a i n e d  f o r  t h e  e x t r a c t i o n  

o f  Z r ,  Nb, Ru,  and Eu w i t h  amides  are  s i m i l a r  t o  t h o s e  

o b t a i n e d  w i t h  TBP. However, w i t h  DBEHA, t h e  e x t r a c t i o n  o f  
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a5 1 2 3 4 5 
I I I I I I L I I ~ I I ~ , (  

M(HN%\Aq equil. 

F I G U R E  7 .  Extraction coefficients of uranium(1V) with 1 g N,N- 
dibutyl 2-ethylhexanamide in mesitylene as a function 
of the aqueous acidity and in the presence of different 
amounts of Th(N03)4. O/A = 3. Contact time: 15'. 

zirconium drops to lower values (at 2 

thus confirming the general behavior of hindered amides with 

tetravalent ions. 

HN03, RZr = 1 3 ) ,  

Application of Amides in the Separation of U from Th 
The preceding results emphasize the potential utilization of 

amides, especially if alpha hindered, in the separation of  uranium 
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f- 
il f O.O15g/1 
ThY 120 g / l  
iV1 = 0.52 

I EXPERIMENTAL CONDITIONS I 
Tempera ture  20 "C 
C o n t o c '  t i m e  1.65 m ' n  

Phase r a t ~ o l e x t r u c t , o n l  4/0' 0.25 
M i x e r :  1 O o o - ~ f o ~  RPM 

FTGURE 8. Demonstration of a flowsheet for the separation of 
uranium from thorium with 1 g N,N-dibutyl 2-ethyl- 
hexanamide in mesitylene (extracting section). 

from tetravalent actinides. Therefore the separation of uranium 

from thorium with DBEHA has been investigated in connection with 

the hot runs at CNEN lTREC (Impianto Trattamento Elementi 

Combustibili) pilot reprocessing plant (12), in which the 

reprocessing of irradiated thorium fuels is now carried out by a 

TBP (Thorex) flowsheet. 
The aim of this investigation is to propose the use of amides 

3 s  an alternative to TBP for the separation o€ 233U from the 

thorium matrix. Figure 7 shows the influence of different amounts 

of thorium on the extractive behavior of uranium with 1 g DBEHA. 

The salting-out effect of thorium is clearly shown, and the strong 

increase of the extraction of uranium should make the separation 

even easier. Laboratory mixer-settler runs have been carried 

out with simulated solutions containing U and Th in the same 
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FIGURE 9 .  Concent ra t ion  p r o f i l e  i n  the  e x t r a c t i o n  s e c t i o n  a t  
s t e a d y  s t a t e .  
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842 GASPARINI AND GROSS1 

FIGURE 1 0 .  Demons t r a t ion  of  a f l o w s h e e t  f o r  t h e  s e p a r a t i o n  o f  
uranium from t h o r i u m  w i t h  N,N-dibutyl  2-ethylhexanamide 
i n  m e s i t y l e n e  ( s t r i p p i n g  s e c t i o n ) .  

amounts as i n  t h e  c o n c e n t r a t e d  f i r s t  c y c l e  f i n a l  p r o d u c t  o f  

t h e  ITREC p l a n t .  A s  shown by F i g u r e s  8-11, b o t h  t h e  s e p a r a t i o n  

o f  U from t h o r i u m  and t h e  s t r i p p i n g  o f  uranium from l o a d e d  amide 

by d i l u t e d  n i t r i c  a c i d  are v e r y  e a s y  and e f f e c t i v e .  

CONCLUSIONS 

N,N-dialkyl  a l i p h a t i c  amides proved t o  be  v e r y  p romis ing  

as a new c a t e g o r y  o f  e x t r a c t i n g  a g e n t s  f o r  a c t i n i d e s .  

T h e i r  p r e p a r a t i o n  a t  a h i g h  d e g r e e  of  p u r i t y  i s  e a s y  and 

cheap .  The pe r fo rmance  o f  the  amides examined,  i n  r e g a r d  t o  

s o l u b i l i t y ,  s t a b i l i t y ,  and e x t r a c t i o n  b e h a v i o r ,  s u p p o r t s  t h e  
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N,N-DIALKYL ALIPHATIC AMIDES a 4 3  

FIGURE 11. C o n c e n t r a t i o n  p r o f i l e  i n  t h e  s t r i p p i n g  s e c t i o n  a t  
s t e a d y  s t a t e .  

@= [HNO3Iaq A = [HNO ] 3 o r g  

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

of  a c t i n i d e s  even on a n  i n d u s t r i a l  scale .  

I n  t h i s  c o n n e c t i o n ,  i t  i s  i m p o r t a n t  t o  p o i n t  o u t  t h a t  b o t h  

DHOA and DBEHA show b e h a v i o r s  a t  l e a s t  s i m i l a r  t o  and o f t e n  even 

b e t t e r  t h a n  TBP: b e t t e r  d e c o n t a m i n a t i o n  o f  uranium from some 

f i s s i o n  p r o d u c t s ,  b e t t e r  U-Th s e p a r a t i o n ,  b e t t e r  s t a b i l i t y ,  and 

l e s s - d e l e t e r i o u s  d e g r a d a t i o n  p r o d u c t s .  
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844 GASPARINI AND GROSS1 

Resca rch  i s  n o w  i n  p r o g r e s s  t o  c l a r i f y  t h e  problem of 

t h i r d  p h < i s e  f o r m a t i o n ,  and s e v e r a l  m i x e r - s e t t l e r  r u n s  w i l l  b e  

r,trriccl o u t  i n  o r d e r  t o  s u p p o r t  t h e  p r o p o s a l  o f  amides f o r  

Purex - type  and e v e n  € o r  c o p r o c e s s i n g  f l o w s h e e t s .  
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