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POTENTIALITY OF NONORCANOPHOSPHORUS EXrHACTANTS I N  CHEMICAL SEPA- 
RATIONS OF ACTINIDES 

C .  Musi2as 
CEA-IRDI-DERDCA-DCR-SEP-SCPR 
BP no 6 - CEN-FAR 
92265 - Fontenay-Aux-Roses (France) 

ABSTRACT 

To Limit the amounts oP radioactive wastes 
coming from actinide separations by solvent 
extraction, completely incinerable extractants 
are desirable. This paper deals with the pros- 
pects offered by N, N-dialkylamides, as alter- 
natives to TBP for irradiated nuclear fuels 
reprocessing and by N,N'-tetraalkyl 2-alkylpr-o- 
pane diamides as actinide extractants from ra- 
dioactive wastes solutions. The selection of 
N,N'-dialkylamides based on the solubility of 
the nitrato-uranyl smide complexes in aliphatic 
hydrocarbons is presented. The extraction che- 
mistry of the main metallic ions present in 
irradiated nuclear fuels nitrate solutions is 
discussed as well as the hydrolysis and radio- 
lysis of these extractants. Results of a bench 
scale test f o r  a first reprocessing cycle shows 
the reason for interest i.n the N,N-dialkylami- 
des as substitutes for TBP. The extraction of 
the main metallic species contained in actinide 
wastes by N,"-tetraalkylpropane diamide o r  by 
N.Nf-tetraalkyl,2-alkylpropane diamide is pre- 
sented. The results show that these diamides 
present good prospects, for removing the acti- 
nides contained in various wastes solutions. 
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MUSIKAS 1212 

I N T R O D U C T I O N  

One way t o  limit t h e  c o s t  of r e p r o c e s s i n g  of i r r a d i a t e d  nu-  
clear f u e l s  by w e t  p r o c e s s e s  would  be t o  d e c r e a s e  t h e  a m o u n t s  of 
w a s t e s  a n d  s i m p 1  i f y  the s e p a r a t i o n s .  

'The e x t r a c t a n t  c h a n g e  seems a s i m p l e  way of d o i n g  t h i s  s i n c e  
t he  o r g a n o  p h o s p h o r u s  m o l e c u l e s  (TBP,  TOPO,  HDEHP,  CMP, C M P O . .  . )  
g e n e r a t e  l a r g e  a m o u n t s  of wastes b e c a u s e  t h e  e x t a c t a n t s  t h e m s e l v e s  
a n d  t h e  numerous  s o l v e n t  r e g e n e r a t i o n  c y c l e s  n e c e s s a r y  t o  a v o i d  
t h e  p r e s e n c e  of s l t e r i n g  r a d i o l y t i c  a n d  h y d r o l y t i c  p r o d u c t s  s u c h  
a s  HDBP, a l l  p r o d u c e  wastes t h a t  m u s t  be d i s p o s e d  of  or i n c e n e r a -  
t e d .  Among t h e  comp.Letely i n c i n e r a b l e  n o n o r g a n o p h o s p h o r u s  m o l e c u -  
les  t h o s e  c o n t a i n i n g  t h e  a m i d e  moei t y  N - s  seem p a r t i c u l a r l y  i n -  

t e r e s t i n g  b e c a u s e  of t h e  d o n o r  p r o p e r t i e s  of arn ides  a n d  t h e i r  che- 
mical s t a b i l i t y .  

I t  h a s  a l r e a d y  b e e n  r e p o r t e d  t h a t  N , N - d i a l k y l a m i d e s  a r e  good 
e x t r a c t a n t s  f o r  h e x a v a l e n t  a n d  t e t r a v a l e n t  a c t i n i d e s  a n d  s e l e c t i v e  
t o w a r d s  f i s s i o n  p r o d u c t s  ( 1  t o  51, b u t  t h e y  m u s t  b e  d i l u t e d  i n  a n  
a r o m a t i c  h y d r o c a r b o n  i n  order t o  a v o i d  t h i r d  p h a s e  f o r m a t i o n  i n  
t h e  p-eser lce  of l a r g e  a m o u n t s  o f  U ( V 1 ) .  The g o a l s  of o u r  i n v e s t i -  
g a t i o n s  were : I / t o  f i n d  N , N - d i a l k y l a m i d e s  o f  which  t h e  n i t r a t o  
u r a n y l  salts  were s u f f i c i e n t l y  s o l u b l e  i n  a l i p h a t i c  h y d r o c a r b o n s  
a n d  3 /  t o  f i n d  s i i p l i f i c a t i o n s  o f  the r e p r o c e s s i n g  chemical p r o -  
ce:is?s. 'Thi:? p a p c r  is a n  up t o  d a t e  s u r v e y  of t h e  r e s u l t s  o b t a i n e d  
in  o u r  l s b o r a t o r y .  

T r i g a l e n t  a c t i r l i d e s  e x t r a c t a n t s  from h i g h l y  a c i d i c  wastes 
h a v o  b e e n  u n d e r  i n v e s t i g a t i o n s  fo r  more t h a n  two d e c a d e s  (j t o  10) 
a n d  p o l y f u n c t i o n n a l  e x t r a c t a n t s  l i k e  CMPO (C,H,,C,H,POCH,CON- 
( i C + H q l 2 )  h a v e  b e e n  f o u n d  u s e f u l  f o r  t h a  r e m o v a l  of n emitters 
f r o m  s e v e r a l  t y p e  o f  wastes. I n  t h i s  p a p e r  we w i l l .  p r e s e n t  some 
c h e m i c a l  p r o p e r t i e s  o f  t h e  N , N ' - t e t r a a l k y l  malonamiden  ( R R '  NCOCH,  
CON R l i ' )  w h e r e  R a n d  R '  are a l k y l  r a d i c a l s  3r N , N ' - m e t h y l b u t y l , Z -  
a l k y l  p r o p a n e  d i a m i d e  (C ,H,CH,NCO) ,CHR,  where R is an a l k y l  or 
u x o a l k y l  r ' ad ica l  . The:;e b i f u n c t i o n n a l  e x t r a c t a n t s  are  less known 
t h a n  tile o r g a n o p h o s p h o r u s  o n e s  b u t  t h e y  p r e s e n t  t h e  a d v a n t a g e  of 
b e i n g  c o m p l e t e l y  i n c i n e r a b l e  a n d  g i v i n g  r a d i o l y t i c  a n d  h y d r o l y t i c  
d e g r a d a t i o n  p r o d u c t s  t h a t  p e r h a p s  a l t e r  t h e  p r o c e s s  less t h a n  t h e  
d i a l k y l p h o s p h o r  i c  a c i d s .  

0 

E X P E R I M E N T A L  

R e a g e n t s  : The e x t r a c t a n t s  u s e d  i n  t h : s  i n v e s t i g a t i o n  were 
n o t  c o m m e r c i a l l y  a v a i l a b l e .  They  were p r e p a r e d  by G.THIOLLET 
(IHCH4- Vert le P e t i t ) .  The N , N - d i a l k y l a m i d e s  were o b t a i n e d  by 
r e a c t 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  w i t  a 3 c o n d a r y  a m i n e  
a c c o r d i n g  t o  t h e  r e a c t i o n  : R C O C l  + IINR', - > R C O I V R ' ,  + 

R ( C , H , ) , N C l .  
h e  p r o d u c t  a rn ides  were p i l r i  f i e d  by vacuum d i s t i l l . a t i o n .  A f - -  

t e r  a l k a l i n e  and . i c i d i c  w a s h i n g s  t o  renovc:  small. amount:; o f  c a r -  
b o x y l i c  . w i d  dnd  s e c o n d a r y  m i n e ,  t h e y  were more t h a n  39.5 $ p u r e .  
The N ,  N'-tetraal*ylmalonamides were o b t a i n e d  by t h e  r e a c t i o n  of 

? c , H , ? , N  
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the corresponding secondary amine with malonylcnloride according 
to: 2HNRR' + CH,(COCl), + 2(C,H,),N -P 2H(C,H,),NCl CH,(CONRR'),. 
The higher molecular weight tetralkylmalonarnides were purified by 
chromatography on a silica gel column and the lighter ones by dis- 
tillation under low pressure. The purity was checked by 'H NMR, 
elemental analysis and acidimetry and found to be in the range 
98.5 - 190 I .  

In order to keep the cost of the extractant low, the N,N'-te- 
traalkyl, 2-alkyl, propane diamides were prepared by reacting N,N' 
-dirnethyldibutylmalonamide (DMDBMA) with LiC,H, and then with RX 
where R is an alkyl or oxoalkyl radical and X an halogen atom ac- 
cording to the reactions. 

(CH,C,H,NCO), CH, + C,H,Li + (CH,C,H,NCO), CHLi + C,H., 
(CH,C,H,NCO), CHLi $. RX + (CH,CrH,NCO), E H R  +LiX 

DMDBMA was first prepared by the method described above. It is an 
advantageous starting material because of the commercial availa- 
bility of N,N-methylhutylamine (HNCH,C,H,) and the possibility to 
get high yields of' pure DMDBMA by distillation under vacuum. 

The radionuclides,239Pu,233U , ' * ' A m ,  and lobRu were provided 
by ST'J (Fontenay-aux-Roses) and lszEu , 'I Ce, 95Zr , "Fe, "Sr, and 
137Cs were provided by ORIS (Saclay). 

A l l  the other chemicals were analytical grade RP Prolabo pro- 
ducts and were used without further purification. 

Procedures : The distribution ratios measurements were obtai- 
ned by standard methods using radioactive tracers and quantitative 
Y or a spectrometric analysis. The irradiation tests were carried 
out i n  a 6oCo irradiator. Equal volumes of organic and HNO, aquc- 
ous phases were put together in the irradiator and shaken twice a 
day. The bencn-scale first-reprocessing-cycle test has been cdr- 
ried out using small laboratory-scale mixer-settler batteries. 

RESULTS- DISCUSSION 

Extractive Properties of N,N-Dialkylamides 

. Selection of N,N-dialkylamides based on the nitrato uranyl 
complex solubility into aliphatic hydrocarbons. The advantage of 
aliphatic hydrocarbons di Lrients over aromatic ones is well esta- 
blished for chemical processes performed in nitrate media. We 
first investigated the solubility of nitrato uranyl complexes with 
different N,N-dialkylamides having different nitrogen and carbonyl 
niibstituents in Hyfrane ( a  substituted aliphatic hydrocarbon with 
twelve carbon atoms). The results are contained in Table 1 .  It can 
be seen that amides with two 2-ethylhexyl substituents on the ni- 
trogen are witable for the separations since uranium solubilities 
higber than 100 g 1-' havn been found. Further work was undertaken 
to ga in  insizht i n t o  the carbonyl siibstituent influence, keeping 
the two 2-ethylhexyl as nitrogen subutituents. 
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1214 MUSIKAS 

Table 1 : Solubility of UO,(NO,), in various N,N-dialkylamlde 
solutions (1H into hyfrane, e - 25OC) 

Formula and acronyum of the [ U(V1) ]org [ HNO, Iaq 
extractant g. 1-1 mol 1-l 

> N - C - C,,Hz, (DBDA) 80 0 
C,Ho 

CQH, 3 
DBDA 71 4 

DSBDA 36 4 

F2HO 
C,H., - CH - CH,. , N - E - C,,H,, (DOBA) > I 2 0  0 and 4 

0 

CzH, 
C,H, - iH - CH, 
C,H, - CH - CH, 

> N  - C - C5H,, (DOHA) >I20 0 and 4 
8 

t2H. 

F2H5 

L H ,  
72H5 

C,Hg - CH - CH, CH 2 

\N-C-CH,-' CH, (DOTA) >I70 0 and 4 
C,H, - CH - CH,' 8 Cki 

C,H, - CH - CH, 
2 N - F, - C,H, (DOBA)) >I20 0 and 4 

C,H, - H - CH, 0 
jZH5 

(D0,BA) >I20 0 and 4 
C,H, - kiH' CH, ,CHI > N-C-CH 
C,H, - H - CH, 6 >Ha 

~ z H ,  

E x t r a c t i o n  of m e t a l l i c  s p e c i e s  : Uranium ( V I )  d i s t r i b u t i o n  
r a t i o s  as a function of aqueous nitric a c i d  and organic  e x t r a c t a n t  
c o n c e n t r a t i o n s  3-e p l o t t e d  in  f i g u r e s  1 2nd 2.  

The c x t r a c t i o r l  mechanism-of U ( V 1 )  cannot  be deduced from t h e  
:;lope of  l o g  D v s .  log lAmide]  ( f i g u r e  2). I t  has  been found 
( 1 1 )  t h a t  t h e  o r g a n i c  phase is s a t u r a t e d  w i t h  uranium for  t h e  con- 
z e n t r a t i o n s  r a t i o s  [Arnides]/[U(VI)] c l o s e  t o  2 .0 .  There a r e  no 

U( V I )  
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10’ 1 DUIVI) 

10” 1 
0:1 1 10 

[HNO,Iaq mol I-’ 

FIG.1.Distribution Ratios of U(VI) 
between 0.5M N, N-Dialkylami- 
des into Hyfrane and Aqueous 
solutions as a function of 
Nitric acid concentration. 

organic U V-spectrometric changes upon the organic phase loading, 
so the non-integer value of the sLope can be attributed to highly 
non ideal behavior of amide extractsnts or to the formation of 
second sphere nitrato uranyl amide complexes with excess amide. 

The U V-spactra- of the organic phases and the slope values of 
log D vs. log [extractant] (figure 2) showed that for high 
aqueous acidities the extraction equilibrium becomes 
U0,” f 3N0,- + H+ + L f UO, (NO,), Ht-L where L represents the 
extractant. 

This anionic extraction is a consequence of the rather high 
basicity of N,N-dialkylamides in comparison with T9P. As already 
mentioned by Siddall ( 1 )  the distribution ratios of Pu(IV) are 
sensitive to the presence of branched chains on the carbonyl subs- 
tltuents. It can be seen from figure 3 plots that higher distri- 
butions coefficients are measured for DOHA (N,N di(2- ethylhexyl) 
hexanamide) ; than for DOTA (N,N-di(2-ethylhexyl), 3,3-dimethyl- 

U(V1 
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1216 MU S I K A S  

I 

[ OOHA]- , [ DOTA],q mol 1-’ 

F I G . 2 . D i s t r i b u t i o n  R a t i o s  of U ( V 1 )  
between Aqueous n i t r i c  a c i d  
s o l u t i o n s  as a F u n c t i o n  of 
N,N-Dialkylamide c o n c e n t r a -  
t i o n  i n  Hyfrane  DOHAODOTA o 

b u t y r a m i d e ) .  The s e p a r a t i o n s  f a c t o r s ,  D /D i n c r e a s e  w i t h  

t h e  c a r b o n y l  s u b s t i t u e n t s  b r a n c h i n g  a n d  t h i s  f e a t u r e  can be  u s e d  
t o  a d v a n t a g e  t o  d e s i g n  U/Pu p a r t i t i o n  f l o w  s h e e t s  w i t h o u t  Pu(1V) 
r e d u c t i o n .  

The d i s t r i b u t i o n  r a t i o s  of r u t h e n i u m ,  n o b i u m ,  a n d  z i r c o n i u m  
as a f u n c t i o n  of n i t r i c  a c i d  c o n c e n t r a t i o n  are p l o t t e d  f i g u r e  4 a  
a n d  4b .  DOTA allows b e t t e r  Z r ( 1 V )  s e p a r a t i o n s  f a c t o r s  as  a l r e a d y  
ment’ronned i n  p r e v i o u s  work fo r  b r a n c h e d  N , N - d i a l k y l a m i d e s  ( 1 ) .  

U ( V 1 ) .  PU(IV) 

R a d i o l y s i s  a n d  h y d r o l y s i s  of N , N - d i a l k y l a m i d e s  : I t  is  impor-  
t a n t  for  a n  e x t r a c t a n t  u s e d  i n  t h e  n u c l e a r  f i e l d  t o  be  r e s i s t a n t  
t o  r a d i o l y s i s  a n d  h y d r o l y s i s  i n  t h e  p r e s e n c e  of n i t r i c  a c i d .  Tests 
o n  N , N - d i a l k y l a m i d e s  r a d i o l y s i s  (4 ,12 )  or h y d r o l y s i s  ( 2 )  h a v e  a l -  
r e a d y  b e e n  ca r r i ed  o u t  showing t h a t  t h e s e  e x t r a c t a n t s  are  f a i r l y  
s t a b l e  more o r  less l i k e  TBP. The DOHA r a d i o l y s i s  i n  t h e  p r e s e n c e  
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NONORGANOPHOSPHORUS EXTRACTANTS 1217 

FIG.3.Distribution Ratios of Pu(1V) between 0.5M N,N-Dialkylamides 
into Hyfrane and HNO, Aqueous solutions as a Function of 
HNO, concentration. DOHA nDOTAo 

of HNO, was investigated and its degradation is illustrated by the 
figure S plots. DOHA, hexanoic acid and N,N-di(2-ethylhexyl) amine 
were 
titrated in the radioiysed solutions by acido-basic reactions i n  
non aqueous media. It can be pointed out that the missing DOHA 
corresponds roughly to the hexanoic acid formed whereas in the 
case of T B P ,  it is known that G > G . Surprisingly very 
smali amounts of secondary amine have been detected ; probably 
because it disappears as fast as it appears. Since hexanoic acid 
is the primary degradation product, its effect on the distribution 
coefficients of P u ( 1 V )  and U(V1) is shown figure 6.  It can be seen 
that concentrations corresponding to radiation dose of respective- 
ly 10 M rad (HNO, 4N) and 60 M rad (HNO,O.SN) do not alter the 
extractive properties of the solvent. Some comparative C values 
for TBP and DOHA radioiysis are given in Table 2. 

-TBP HDBP 
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100 , 
L 

10-1 7 

I -  
n .  

10-2 ; 

10-3 I- 
0.1 1 10 

[HN031 aq mol I-' 

MUSIKAS 

1 1 
IHN031 aq mol I 

FIG.4.Distribution Ratios of Fission products between 1 M  DOHA (a) 
or 1M DOTA (b) into Hyfrane as a Function of Nitric acid 
concentration. 

FIG.5. % of DOHA radiolysed or % of Hexanoic acid yield as a func- 
tion of irradiation dose. 
Initial organic solutions : 1 M  DOHA into TPH.Initia1 aque- 
ous solutions : H N 0 9  a3 indicated Temperature : 40" C 
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1 1 

U ( V l )  EI 
0 

-O\ 
0.4- 0 

0.3- [ HN03Iaq = 0.5 N 

0.2- 

1219 

6oCo 'F Dose ( M  Rod ) 

n EI HNOs]aq = 4 N  

15.01 

[ C, Hll COOH I,,, mot 1-1 

0.1 4- I - 
0 0.02 0.04 0.06 0.08 0.1 

[ C, H,, COOH],,, mot 1-1 

FIG.6 .  Effect of Hexanoic Acid Concentration Upon the U(V1) Traces 
Distribution Ratios Between 1M DOHA into Hyfrane and 
Aqueous 4N HNO, (Extraction Step) or 0.5N HNOl (Partition 
Step). The upper abcissae numbers indicate the Y dose which 
produces equivalent amounts of hexanoic acid. 

Table 2 : Cornparaison of DOHA 1M in TPH and TBP 30 5 
in dodecan radiolysis. ( 1 1 )  

Doses Aqueous G G C 
Wh.l--' phase (-DOHA) HA ( HDBP) 

147 HNQ, 4 N  3.6 3.6 
147 HNO, 0.5N 0 .9  0.9 
200 HNO, 2N 0.77 
41 6 HNO, 5N 0.86 

45 HNO, IN 1.82 

The hydrolysis of the two extractants are compared in Table 3. 
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Table 3 : RexanoIc acid (HA) and N.N-di(2-ethy1)hexylamine (DEA) 
ylelds i n  the hydrolysis of DOHA at 110@ - 115" in contact with 
aqueous HNO, (stirred solutions) and comparfson with TBP hydro- 
lysis (Extractants diluted in aliphatic hydrocarbons). 

Contact 
HNO, time DOHA HA DE A TBP HDBP 

(mol 1-l) (hours) (mol 1-l) (mol 1-I) (mol 1-') (mol 1-') (mol 1-I) 

0.5 4 0.95 0 0 

4 1 0.95 0 0 
4 4 0.94 0.015 0 

0.5 4 1.08 0.0008 
5 4 1.08 0.0047 

DOHA 1M into TPH DOHA 1M into TPH 

Zr (IV) 
Am (Il l  

HNO3 4.1 N 
U (VI )  251.8g.I-' 
Pu(IV) 2.48g.I-1 
Zr (M traces 

I u (VI), Pu (IV) 

1 - u fvll-' - 
1 10 16 '1 8 '  16' 1 14 c 

t 
u ( V I )  I '  

0.265 1. h-' 

FIC.7. Flow sheet f o r  a First reprocessing cycle u s i ~ g  l ? l  DOHA 
i n t o  TPH as Solvent and no Reductive partition 
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T3ble '4 : Resul t  of a n ixer  s e t t l e r  f i r s t  c y c l e  r e p r o c e s s i n g  sepa-  
r a t i o n  using 1'4 D O H A  i n  T T H  a s  a s o l v e n t .  

~~ 

Operation Element Feed 5 of feed 
(8.1'' 1 In e f f l u e n t  

Ektrac t ion Aqueous phase Aqueous phase 
UVI) 251.8 0.015 
Pu( IV) 2.48 0.14 
i!r( IV) TRACES 99.5 
Am( 111) TRACES 99.5 

U( V I  1 81.7 0.37 
Pu( IV) 0.805 95.5 

Part1 t ion Organic phase Aqueous phase 

~~ - 

Back-Extract ion Organic phase Aqueous phase 
U(V1) 44.1 99.9 
Pu(IV) 0.0198 95.2 

k u n t e r  c u r r e n t  t e s t  of DOHA i n  m i x e r - s e t t l e r :  A counter  cur -  
r e n t  t e s t  af DOHA mimicking a f i r s t  c y c l e  of i r r a d i a t e d  n u c l e a r  
f u e l s  c y c l e  has been c a r r i e d  o u t  i n  l a b o r a t o r y  m i x e r - s e t t l e r s .  
Although DOHA is not  t h e  b e s t  amide e x t r a c t a n t  f o r  U-Pu p a r t i t i o n  
without  r e d u c t i o n ,  t he  flow s h e e t  was designed t o  avoid  the  
Pu(1V)-Pu(I11) r e d u c t i v e  s t e p .  The f low sheet diagram is shown i n  
f i g u r e  7 and t h e  m a i n  resu l t s  of t h e  t e s t  a r e  conta ined  i n  Table 4 

The e f f i c i e n c y  of the  e x t r a c t i o n  b a t t e r y  was s a t i s f a c t o r y ,  i n  
s p i t e  of t h e  high tempera ture ,  4 1 "  C, a t  which t h i s  r u n  was c a r -  
r i e d  o u t .  I t  must  be remembered t h a t  U(V1) d i s t r i b u t i o n  r a t i o s  
d e c r e a s e  w i t h  t h e  tempera ture .  The p a r t i t i o n  i n  t h e  second b a t t e -  
r y ,  was not  q u i t e  complete and d i d  not  v e r i f y  the flow sheet cal- 
c u l a t i o n s .  

Pu(IV) d i s t r i b u t i o n  c o e f f i c i e n t s  measured a f t e r w a r d s  w i t h  t h e  
mixer s e t t l e r  s o l u t i o n s  i n d i c a t e d  t h a t  f o r  t h e  c o n d i t i o n s  used t h e  
e f f i c i e n c y  of each s t a g e  was 75 %. T h i s  r a t h e r  poor e f f i c i e n c y  is 
probably due t o  slow Pu(IV) back e x t r a c t i o n  t o g e t h e r  w i t h  t o o  high 
f l u i d s  flow r a t e s .  The U(V1) back e x t r a c t i o n  was complete a t  room 
tempera ture .  In t h i s  b a t t e r y  rather low s t a g e  e f f i c i e n c y  was a l s o  
o b s e r v e d .  N e v e r t h e l e s s  the  chemical f a c t o r s  (low D d i s t r i b u -  

Zion r a t i o s )  were s o  f a v o u r a b l e  t h a t  a U(V1) c o n c e n t r a t i o n  was 
made a t  U(V1) back-ext rac t ion .  Some Pu(IV) remain i n  t he  s o l v e n t ,  
probably because of t h e  low a c i d i t y  used  in U(V1) s t r i p p i n g .  

U(V1) 

E x t r a c t i v e  P r o p e r t i e s  of N, N'-Tetraalkylmalonamides and N,N ' -Te -  
t r a a l k y l p r o p a n e  Diamides. 

As mentioned above N, N-dialkylamides do not  e x t r a c t  the tr i-  
v a l e n t  a c t i n i d e  i o n s ,  so i f  one wants t o  remove a l l  t h e  a emitters 
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1222 MU S I K A  S 

Table 5 : Main extractive properties of DMDOMA 

Extracted Species In the  Extraction 
species  organic phase con3 tant s 

HNO I HNO , ( DMDoMA) 1 0.64 
HNO, DMDCMA 0.11 

HDMWMA+-NO,.HNINo, 0.075 

HC10, HM.axX.IA+-c10, 4.15 

P 
1 2 3 4 5 6  

[HNO,] aq mol I- '  

FIC.8. Distribution Ratios of 
Am( 111) between 0.5M 
Malonamides Solutions 
into t-butylbenzene and 
HNO, Solutions a3 a 
Function of Aqueous 
HNOl 

1 : (CeHl,CH,NCO)zCH2 

with R = -C,Hl,(2),-C,H,0C,H,(3), 
2 t o  4 : (C*HPCH3NCO)aCHR 

- CzH,OCzH,OCsHi, ( 4 )  
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I 7 I 
I I 

0.1 1 10 

[HNO,] oq mol I-’ 

FIC.9. Distribution Ratios of Metal- 
lic ions between 0 .5M 

OC6HI, into t-butylbenzene 
and aqueous nitric acid solu- 
tions as a Function OP nitric 
acid concentration. 

(C*HI CH, N CO)2 CH C,H,OC,H,- 

from nitrate solutions without using organophosphorus extractants 
some new extractants must be proposed. The donating properties of > N C=O group suggest that it would be useful to investigate dia- 
mides. The pioneer work of Siddall indicated that N,“-tetrabuty- 
loxalamide, N,Nl-tetrabutylmalonamide and N,Nt-tetrabutylsuccina- 
mide are poor Ce(II1) extractants(l5). In preliminary work (16) we 
demonstrated that the nature of the N substituents have a great 
influence upon the A m ( I I . 1 )  distribution ratios between nitric acid 
solutions and organic solutions of N,N1-tetraalkylmalonamides. The 
best extractions were obtained with N,N‘-dimethyldialkylmalonami- 
des. The presence of two CH, groups between the two C=O provokes a 
drastic decreasing of the distribution ratios for the 4f and 5f 
trivalent ions showing that favorable chelation occurs only with 
malonamides. Systematic investigations of acids (17) and metals 
( 1 8 )  extraction have been carried out with N,N’-dimethyldioctylma- 
lonamide (DMDOMA- -CH3NCOCH,-CONCH3CaH,,-CaHl,). The main results 
are summarized Table 5. 
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1224 MUSIKAS 

It can be pointed out that U(VI), Pu(IV), Pu(VI), Np(IV), 
Np(V1) are well extracted by DMDOMA. Zr(1V) and Fe(II1) are extra- 
cted at high aqueous acidities ; their extraction can be avoided 
by the addition of small amounts of oxalic acid. Further improve- 
ments of Am(II1j and Eu(II1) extraction were obtained by placing a 
branched alkyl group or an oxyalkyl group on the central methyle- 
ne ; 3s shown by the data in figure 8. It can be seen that a C,H,, 
radical allows one to obtain a higher Am(II1) distribution ratio 
at high acidities and lower ones at low acidities, features which 
are favorable in a chemical separation. The presence of one or two 
oxygens in the chains increases the distribution coefficients at 
high acidities without increasing too much the extraction at low 
acidities. At first glance such effects can be explained by the 
malonamides basicity sequence as a function of the central CH, 
substituents C,H,,> C,H,OCZH,> C2H,0C,H,0C,H,,. Nitric acid 
competes less strongly with Am(I.11) for the C = O  coordination 
sites as the basicity decreases. For DMDOMA the nitrogen 
substituents are different ; however, it seems that this compound 
has a higher basicity because of the higher Am(II1) extraction at 
low acidity and the lower at high acidity due to the competition 
between FINO, and Am(II1) for the coordination sites of the ligand. 
The presence of oxygens in the alkyl chain decreases the C=O 
basicity because of the electronic affinity of oxygen. 

Distribution ratios of several metallic ions, often present 
with the actinides in the wastes, are plotted as a function of 
nitric acid concentration on figure 9. It is poosible to back ex- 
tract U(V1) with FINO,. Like for DMDOMA it is necessary to add oxa- 
lie acid in order to avoid Zr(1V) extraction. 

ZONCLUSION 

N,N-dialkylamides and N,N'-tetraalky~,2-alkylmalonamides are 
promising actinide extractants. The first class could be an alter- 
native to TBP in chemical separation processes which resemble the 
PUREX process with the following potential advantages. 
- Lower amounts of wastes. 
- Simpler process because of the reductive step suppression in the 
U-Pu partition. 
- Possibilities of limiting the number OP purification cycles. 
- Easier U(VIj aack-extraction. 
- Easier solvent regeneration. 

This paper indicates that these improvements can be realized 
with some additional investigations which are necessary to confirm 
the interest of N,N-dialkylamldes for industrial applications. For 
example the so1ve:it regeneration has not yet been studied in de- 
tail4 and it is important to test during long time experiments the 
efficiency of this step. 

Yith the diamides, the situation is worse because mixer set- 
tler and stability tests have not yet been carried out. However 
the easy synthesis and purification of the extractants and their 
extractive properties regarding the most important metallic spe- 
cies incite us to pursue the investigations. 
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