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SEPARATION SCIENCE AND TECHNOLOGY, 22(2&31.641659, I987 

A Double Liquid Membrane System for the Removal of Actinides and 
Lanthanides from Acidic Nuclear Wastes 

R. CHIARIZIA* and P. R. DANESI** 

CHEMISTRY DIVISION 
ARGONNE NATIONAL LABORATORY 
ARGONNE, ILLINOIS 60439 

ABSTRACT 

Supported liquid membranes (SLM), consisting of an or- 
ganic solution of n-octyl(pheny1)-N,N-diisobutylcar- 
bamoylmethylphosphine oxide (CMPO) and tributyl-phos- 
phate (TBP) in decalin are able to perform selective 
separation and concentration of actinide and lantha- 
nide ions from aqueous nitrate feed solutions and 
synthetic nuclear wastes. 

In the membrane process a possible strip solution is a 
mixture of formic acid and hydroxylammonium formate 
(HAF). The effectiveness of this strip solution is 
reduced and eventually nullified by the simultaneous 
transfer through the SLM of HNO3 which accumulates in 
the strip solution. A possible way to overcome this 
drawback is t o  make use of a second SLM consisting of 
a primary amine which is able to extract only HN03 
from the strip solution. 

In this work the results obtained by experimentally 
studying the membrane system: synthetic nuclear 
waste/CMPO-TBP membrane/HCOOH-HAF strip solution/ pri- 
mary amine membrane/NaOH solution, are reported. They 
show that the use of a second liquid membrane is 
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642  C H I A R I Z I A  AND DANES1 

e f f e c t i v e  i n  c o n t r o l l i n g  t h e  HN03  c o n c e n t r a t i o n  i n  t h e  
s t r i p  s o l u t i o n ,  thus  a l lowing  t h e  a c t i n i d e  and lan tha-  
n ide  i o n s  removal from t h e  feed s o l u t i o n  t o  proceed t o  
completion. 

INTRODUCTION 

I n  p a s t  few y e a r s  Horwitz e t  a l .  (1-4) have developed t h e  
TRUEX (Transuranium E x t r a c t i o n )  process  f o r  t h e  removal of 
a c t i n i d e s  and l a n t h a n i d e s  from var ious  a c i d i c  l i q u i d  n u c l e a r  
wastes. The TRUEX process  u t i l i z e s  a n-octyl(pheny1)-N,N-diiso- 
butylcarbamoylmethylphosphine o x i d e  (CMP0)-tributylphosphate (TBP) 
s o l u t i o n  t o  e x t r a c t  a c t i n i d e  and l a n t h a n i d e  elements. CMPO ex- 
t racts  l a n t h a n i d e  and tri-, te t ra-  and hexavalent  a c t i n i d e  ele- 
ments from concent ra ted  HNO3 s o l u t i o n s .  The e x t r a c t e d  c a t i o n s  can  
be s t r i p p e d  from t h e  organic  phase by means of d i l u t e  HNO3. The 
e x t r a c t i o n  and s t r i p p i n g  e q u i l i b r i a  can  be r e p r e s e n t e d  ( f o r  a 
t r i v a l e n t  c a t i o n )  by t h e  r e a c t i o n  

where E r e p r e s e n t s  CMPO and t h e  bar  i n d i c a t e s  o r g a n i c  s p e c i e s .  I n  
the presence of TBP, HN03 i s  a l s o  e x t r a c t e d  i n t o  t h e  o r g a n i c  phase 
accord ing  t o  t h e  r e a c t i o n  

HN03 + i% * TBP HN03 

I n  previous work ( 5 , 6 )  Danesi e t  al .  have demonstrated t h a t  sup- 
por ted  l i q u i d  membranes (SLM) c o n s i s t i n g  of TRUEX process  s o l v e n t  
(CMPO + TBP d i s s o l v e d  i n  d e c a l i n )  absorbed on microporous poly- 
meric s u p p o r t s  can  e f f e c t i v e l y  remove and c o n c e n t r a t e  a c t i n i d e s  
and l a n t h a n i d e s  from s y n t h e t i c  a c i d i c  l i q u i d  nuc lear  wastes  t o  t h e  
poin t  t h a t  t h e  waste s o l u t i o n s  can be considered non- t ransuranic  
( l e s s  than  100 nCi/g of d i sposed  form) waste. A schematic  de- 
s c r i p t i o n  of t h e  supported l i q u i d  membrane system i s  g iven  i n  
Fig. 1. 

The p r e v i o u s l y  obta ined  ( 7 )  equa t ions  d e s c r i b i n g  t h e  per- 
meat ion rate of  t h e  a c t i n i d e  and l a n t h a n i d e  c a t i o n s  are: 

p = _ = -  J Kd 
C KdAa+Ao 

where C = feed c o n c e n t r a t i o n  of metal c a t i o n  a t  t i m e  t ,  Co = feed  
c o n c e n t r a t i o n  at t i m e  t = O ,  A = geometr ica l  membrane area, V = 
volume of feed s o l u t i o n ,  E = membrane p o r o s i t y ,  t = permeation 
t ime,  P = p e r m e a b i l i t y  c o e f f i c i e n t  , J = f l u x  of t h e  permeating 
s p e c i e s ,  Kd = d i s t r i b u t i o n  ra t io  of t h e  metal s p e c i e s  between the 
membrane s o l u t i o n  and t h e  feed s o l u t i o n ,  = aqueous d i f f u s i o n a l  
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REMOVAL OF ACTINIDES AND LANTHANIDES 6 4 3  

SINGLE SLM SYSTEM 
l , , , , , , , , , , , ,  

Strip 
TBP 0.75 M 

HNO, 
T.R.U. 

R .E.F. P. 

T.R.U. = Uranium and transuranium elements 

R.E.F.P. = Rare earths fission products 

F.P. = Other fission products 

CMPO = octyl(pheny1)-N,N diisobutylcarbamoyi 
methylphosphine oxide 

TBP = tri-n-butylphosphate 

Fig. 1. Schematic d e s c r i p t i o n  of t h e  s i n g l e  supported l i q u i d  mem- 
brane system f o r  l a n t h a n i d e s  and a c t i n i d e s  removal from a c i d i c  
n u c l e a r  wastes . 

parameter  ( t h i c k n e s s  of aqueous d i f f u s i o n  layer /aqueous  d i f f u s i o n  
c o e f f i c i e n t ) ,  A. = membrane d i f f u s i o n a l  parameter  ( t h i c k n e s s  of 
inembranelmembrane d i f f u s i o n  c o e f f i c i e n t  of t h e  permeat ing 
s p e c i e s ) .  

An impor tan t  consequence of r e a c t i o n s  (1) and (2) is  t h a t  
HNO3 i s  a l s o  t r a n s p o r t e d  through t h e  l i q u i d  membrane from t h e  feed 
t o  t h e  s t r i p  s o l u t i o n .  Since t h e  d r i v i n g  f o r c e  f o r  t h e  " u p h i l l "  
t r a n s p o r t  of the metal c a t i o n s  i s  provided by t h e  c o n c e n t r a t i o p  
g r a d i e n t  of n i t r a t e  i o n s  a c r o s s  t h e  membrane, t h e  build-up of NO3 
i n  t h e  s t r i p  s o l u t i o n  cont inuous ly  d e c r e a s e s  t h e  d r i v i n g  f o r c e  of 
t h e  t r a n s p o r t  process .  Thus, a f t e r  a c e r t a i n  l e n g t h  of t i m e ,  
which depends on t h e  composi t ion of t h e  s t r i p  s o l u t i o n ,  t h e  pro- 
cess e v e n t u a l l y  s t o p s .  

This behavior  is shown i n  Fig. 2,  where t h e  americium a c t i v -  
i t y  i n  t h e  feed s o l u t i o n  is p l o t t e d  on a semi logar i thmic  s c a l e  
v e r s u s  t. A f t e r  approximately 100 minutes ,  t h e  d a t a  p o i n t s  do n o t  
f a l l  any l o n g e r  on a s t r a i g h t  l i n e  as p r e d i c t e d  by e q u a t i o n  3. 
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Figure  2. 
(min). Feed = 3 HNO3, S t r i p  = 15 HCOOH. S i n g l e  SIM = 0.25 
CMPO + 0.75 M T B P  i n  deca l in .  

241Am a c t i v i t y  (cpm/lOX) in the feed s o l u t i o n  v s  t i m e  

A f t e r  about 150 minutes  t h e  americium t r a n s p o r t  p r a c t i c a l l y  
s tops .  The consequences of t h i s  phenomenon on t h e  choice  of a 
s u i t a b l e  s t r i p  s o l u t i o n  have been d i s c u s s e d  a t  l e n g t h  i n  
r e f e r e n c e  6. 

A s o l u t i o n  c o n t a i n i n g  1 %  formic a c i d  and 0.05 2 
hydroxylammonium formate (HAF) i s ,  however, a very  a t t r a c t i v e  
s t r i p p i n g  s o l u t i o n  f o r  t h e  fo l lowing  reasons:  

i. i t  reduces  Pu(IV) t o  t h e  less e x t r a c t a b l e  P u ( I I I ) ,  t h u s  
f a c i l i t a t i n g  i t s  removal from t h e  membrane phase,  

ii. HCOOH has  some complexing power toward l a n t h a n i d e  and 
a c t i n i d e  i o n s  (8) .  The formation of complexes i n  t h e  
aqueous s t r i p p i n g  s o l u t i o n  a l s o  h e l p s  i n  removing 
e x t r a c t e d  metal c a t i o n s  from t h e  membrane phase,  

iii. a s o l u t i o n  c o n t a i n i n g  1 5 HCOOH has  s u f f i c i e n t  complexing 
a b i l i t y  to prevent  h y d r o l y s i s  of i o n s  such  as Pu(IV), 

i v .  t h e  l a n t h a n i d e  and a c t i n i d e  i o n s  can be e a s i l y  recovered 
from t h e  formic s t r i p  s o l u t i o n  f o r  re-use o r  
v i t r i f i c a t i o n .  Also, t h e  d e s t r u c t i o n  of HCOOH does  n o t  
i n c r e a s e  t h e  s a l t  conten t  of t h e  f i n a l  product .  

A p o s s i b l e  way t o  overcome t h e  NO; build-up i n  t h e  formic 
s t r i p  s o l u t i o n  i s  t o  c i r c u l a t e  i t  i n  a s u i t a b l e  u n i t  where a 
cont inuous d e s t r u c t i o n  of n i t r a t e  i o n s  t a k e s  p l a c e  according t o  
t h e  r e a c t i o n  
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REMOVAL OF ACTINIDES AND LANTHANIDES 645 

HN03 + 3/2 HCOOH '900' NO + 312 C02 f 2 H 2 0  . ( 5 )  

This  d e n i t r a t i o n  process  has  been proposed and i n v e s t i g a t e d  (10) 
i n  o r d e r  t o  reduce t h e  HN03 c o n c e n t r a t i o n  from -8 t o  < 1 g i n  
feed  s o l u t i o n s  p r i o r  t o  ion  exchange s e p a r a t i o n  of t ransplu tonium 
elements .  Never the less ,  i t  i s  d o u b t f u l  t h a t  a HNO3 c o n c e n t r a t i o n  
as low as 0.05 M, which is r e q u i r e d  t o  have an e f f i c i e n t  s t r i p p i n g  
power f o r  t h e  l i q u i d  membrane process  shown i n  F igure  1, can be 
e a s i l y  reached and c o n t r o l l e d  by means of r e a c t i o n  (5) .  

I n  r e f e r e n c e  6 t h e  p o s s i b i l i t y  of us ing  a d i f f e r e n t  and 
e n t i r e l y  new way t o  c o n t r o l  t h e  n i t r a t e  c o n c e n t r a t i o n  i n  t h e  
s t r i p p i n g  s o l u t i o n  was p r e l i m i n a r i l y  mentioned. This  new 
procedure  u t i l i z e s  a second l i q u i d  membrane c o n t a i n i n g  a b a s i c  
c a r r i e r  which i s  capable  of s e l e c t i v e l y  removing HN03  from t h e  
s t r i p p i n g  s o l u t i o n ,  c o n f i n i n g  i t  i n  a t h i r d  aqueous compartment 
c o n t a i n i n g  a c o n c e n t r a t e d  base. A s  a carrier f o r  HN03 removal 
from t h e  s t r i p p i n g  s o l u t i o n ,  t h e  pr imary amine Primene JM-T can be 
used,  t a k i n g  advantage of t h e  f a c t  (11) t h a t  primary amines a r e  
v e r y  poor e x t r a c t a n t s  of metal s p e c i e s .  The use of Primene JM-T 
as a p o s s i b l e  carrier f o r  d e a c i d i f i c a t i o n  processes  by means of a 
l i q u i d  membrane when t h e  s imultaneous removal of metal s p e c i e s  i s  
not  d e s i r e d ,  has been a l r e a d y  suggested i n  r e f e r e n c e  12,  where t h e  
p e r m e a b i l i t y  of  HNO3 through membranes c o n t a i n i n g  Primene JM-T 
d i s s o l v e d  i n  d ie thylbenzene  w a s  determined. 

O b j e c t i v e  of t h e  p r e s e n t  work was t o  i n v e s t i g a t e  t h e  use of a 
Primene JM-T l i q u i d  membrane as a way of  c o n t r o l l i n g  t h e  HN03 
c o n c e n t r a t i o n  i n  t h e  s t r i p  s o l u t i o n  thus  a l lowing  the  t r a n s p o r t  of 
metal  s p e c i e s  t o  proceed t o  completion. 

EXPERIMENTAL 

Reagents 

CMPO, TBP, d e c a l i n ,  and a l l  o t h e r  r e a g e n t s  used throughout  
t h i s  work w e  t h e  ame  de  ibed  p r e v i o u s l y  ( 6 ) .  The 
r a d i o n u c l i d e s  "'Am, 23'Pu, 2g'Pu, "'Np, "Tc were o b t a i n e d  from 
ANL s t o c k s  and p u r i f i e d ,  where n e c e s s a r y ,  us ing  s t a n d a r d  
procedures .  Primene JM-T (Rohm and Haas Co.), a long  cha in  
pr imary amine, c o n s i s t i n g  of  a mixture  of t-ClaH37NH2 and t- 
C22H45NH2, has  a pKb of 9.76 (13).  The pK, of t h e  n i t r a t e  s a l t  of 
Primene JM-T was determined by p o t e n t i o m e t r i c  b i p h a s i c  t i t r a t i o n s  
of a 1 Primene JM-T s o l u t i o n  i n  d e c a l i n  w i t h  HNO3, accord ing  to 
t h e  r e a c t i o n  

+ Ka - 
RNH2HN03 RNH2 + H + NO; 

Making use of t h e  r e l a t i o n  pKa = 2 pH (50% t i t r a t i o n )  a pKa v a l u e  
e q u a l  t o  15 f 1 w a s  ob ta ined .  
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646 C H I A R I Z I A  AND DANES1 

Membranes: 

Celgard 2500 (Celanese P l a s t i c ,  Char lo t te ,  North Carolina) 
f l a t  shee t ,  25 inn t h i ck ,  45% poros i ty  membranes were used as a 
microporous polypropylene support f o r  the TRUEX process so lvent  
(0.25 g CMPO + 0.75 g TBP i n  deca l in ) .  

Feed Solu t ions :  

The permeation experiments involving a c t i n i d e s  were performed 
with the following feed so lu t ions :  

a. AW, syn the t i c  acid waste, 
b. DSW, s y n t h e t i c  d i sso lved  sludge waste. 

Their composition is reported i n  Tables la and Ib.  Their 
prepara t ion ,  and the  r a t i o n a l e  behind t h e i r  choice t o  represent  
a c t u a l  nuclear wastes a r e  reported i n  re ferences  1, 2, and 6 .  

Membrane Permeation Experiments 

The permeation experiments were performed at  25OC u t i l i z i n g  
d i f f e r e n t  c e l l s .  In a series of experiments t o  determine 
q u a n t i t a t i v e l y  HN03 t r anspor t  through s i n g l e  l i q u i d  membranes 
(conta in ing  e i t h e r  CMPO + TBP i n  deca l in ,  S W  1, o r  Primene JM-T 
i n  deca l in ,  SLM 2)  a c e l l  i d e n t i c a l  t o  the  one repor ed i n  
Reference 14 was u t i l i z e d .  
volume of t he  aqueous so lu t ions  was 150 cm , and the s t i r r i n g  r a t e  
was 600 rpm. 

The membrancj area was 18 c m  '2 , t h e  

Another s e r i e s  of experiments involving the  measurement of 
HNO3 t r anspor t  was performed by using a similar cel l  wi th  t h r e e  
aqueous compartments, where both SLM 1 and SLM 2 were used i n  
series. A schematic desc r ip t ion  of t h e  double SLM sys t ey  is shown 
i n  Fig. 3. In  these  experiments V1 = V2 = V j  = 150 cm , A2 = 18 2 cm 
openings. The s t i r r i n g  r a t e  of Feed and S t r i p  2 so lu t ions  w a s  600 
rpm. S t r i p  1 so lu t ion  w a s  s t i r r e d  magnetically. 

A 1  could be varied by use of t e f l o n  gaske ts  with d i f f e r e n t  

A miniaturized vers ion  of the  three-compartment c e l l  w a s  used 
f o r  t he  HNO3 t r anspor t  experiments both i n  the  presence and i n  t h e  
absence of radionuclides.  I n  t h i s  case ,  A1 5 A2 = 1.71 c m 2 ,  V1 = 
v3 = 4 cm , V2 = 10 cm . The s t i r r i n g  speed w a s  200 rpm f o r  Feed 
and S t r i p  2; ( S t r i p  1 w a s  s t i r r e d  magnetically).  The permeation 
of t he  rad ionucl ides  through the  SLM's was measured by 
pe r iod ica l ly  sampling the  aqueous so lu t ions  and counting t h e  
samples by e i t h e r  gamma (Beckmann-Biogamma 11) or  by l i qu id  
s c i n t i l l a t i o n  (Beckmann LS-ION) techniques. When the  t r anspor t  
of H N O 3  through a s i n g l e  OK double l i q u i d  membrane system was 
s tud ied ,  a g l a s s  e l ec t rode  Sargent-Welch 5-30070-10 was used 

3 2 
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647 REMOVAL OF ACTINIDES AND LANTH4NIDES 

FEED 

v, 

TABLE la.  

STRIP 1 ‘ ‘ IW2 STRIP2 

v3 A2 
v2 A, 

Compos i t ion  of S y n t h e t i c  Nuc lea r  Wastes: Non F i s s i o n  P r o d u c t s  
and A c t i n i d e s  (molar c o n c e n t r a t i o n s )  

AW DSW 

HN03 

H2S04 

F- 

H2C204 
Fe 

C r  

N i  

A1 

Na 

Ca 

- 
N02 

Mg 
Mn 

cu  

U+Pu+Np+Am 

0.95 

0.33 

5x1 0-3 

0.14 

0.18 

0.16 

1 . 5 ~ 1  0-2 

7 ~ 1 0 - ~  

0.78 

0.21 

-- 
5x1 (I-~ 

1.0 

1.2x10-2 

sxl 0-3 
8 ~ 1 0 - ~  

0.3 

0. I5 
1 . 4 ~ 1  O-’ 
8 ~ 1 0 - ~  

4 . 6 ~ 1  O-‘ 

0.15 
1 . 4 ~ 1 0 - ~  

1 . 6 ~ 1 0 - ~  

4 . 5 ~ 1 0 - ~  

1 . 8 ~ 1 0 - ~  

~ X L O - ~  

F i g u r e  3. Schemat i c  d e s c r i p t i o n  of t h e  d o u b l e  s u p p o r t e d  l i q u i d  
membrane system i n v e s t i g a t e d  i n  t h i s  work: 
SLX 1 = 0.25 CMPO -+ 0.75 TBP i n  d e c a l i n .  SLM area = A1. 
SL’I 2 = Primene JM-T i n  d e c a l i n .  
volumes of t h e  Feed ,  S t r i p  1 and S t r i p  2 s o l u t i o n s ,  r e s p e c t i v e l y .  

SLY area = A2. V1, V2, V3 = 
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CHIARIZIA AND DANES1 

TABLE l b .  
Composition of Synthetic Nuclear Wastes: Fiss ion  Products 

(molar concentrations) 

AW DS W 

Ge 
As 
Se 
Br 
Rb 
Sr 
Y 
Zr 
Mo 
Tc 
RU 

Rh 
Pd 
Ag 
Cd 
In 
Sn 
Sb 
I 
cs 
Ba 
La 
Ce 
Pr 
Nd 
Pm 
Sm 
Eu 
Gd 
Tb 
Te 

9 . 5 ~ 1 0 - ~  
I 

-- 
1 . 4 ~ 1 0 - ~  
7 . 3 ~ 1 0 - ~  
5 . 6 ~ 1 0 - ~  
1 . 8 ~ 1 0 - ~  
1 0-5 
2.1x10-3 
5. 7 ~ 1 0 ~  
5 . 4 ~ 1 0 - ~  
3 . 6 ~ 1  0-5 
5 ~ 1 0 - ~  

-- 
1. iX10-3 
iX10-3 

9.2x10-4 
2 . 4 ~ 1 0 - ~  

2. ~ x I O - ~  

3 . 9 ~ 1 0 - ~  
4 . 8 ~ 1  0-5 
1. 2x10-5 

3. 3 x N 4  
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REMOVAL OF ACTINIDES AND LANTHANIDES 649 

t o g e t h e r  w i t h  a F i s h e r  s e l e c t i v e  Ion Analyzer mod. 750. The same 
equipment w a s  used f o r  t h e  b i p h a s i c  t i t r a t i o n  of t h e  Primene JM-T 
s o l u t i o n s  i n  d e c a l i n .  

The c o n c e n t r a t i o n  v a r i a t i o n s  of t h e  nonradioac t ive  m a t e r i a l s  
p r e s e n t  i n  t h e  s y n t h e t i c  n u c l e a r  wastes were determined by 
I n d u c t i v e l y  Coupled Plasma Atomic Emission Spectroscopy (ICP-AES). 

RESULTS AND DISCUSSION 

Pre l iminary  Experiments 

In a double  l i q u i d  membrane system (Fig. 3 ) ,  HN03 i s  
t r a n s p o r t e d  by SIN 1 from t h e  feed s o l u t i o n  t o  S t r i p  1 s o l u t i o n ,  
and by SLM 2 from t h e  S t r i p  1 t o  t h e  S t r i p  2 s o l u t i o n .  Whether o r  
not t h e r e  i s  an accumulat ion of H N 0 3  i n  t h e  c e n t r a l  compartment 
depends on t h e  r e l a t i v e  rates of  t h e  two t r a n s p o r t  processes .  
These i n  t u r n  depend on t h e  chemical composi t ion of  t h e  v a r i o u s  
phases ,  on t h e  a f f i n i t y  of t h e  two l i q u i d  membranes f o r  HNO3, on 
geometr ica l  parameters  (membrane areas and phase volumes) and on 
t h e  s t i r r i n g  rates. 

I n  o u r  case t h e  feed  a c i d i t y  (- 15) and SLM 1 composi t ion 
(TRUEX process  s o l v e n t )  were not  changed. The s t i r r i n g  r a t e s  were 
also kept  c o n s t a n t .  The o n l y  a d j u s t a b l e  parameters  were t h e  
composi t ion of SLM 2 and t h e  membrane a reas .  Our g o a l  i s  t o  keep 
t h e  HN03 c o n c e n t r a t i o n  i n  S t r i p  1 always low enough t o  permit  t h e  
cont inuous  removal of  a c t i n i d e  s p e c i e s  by SLM 1. The h i g h e s t  
a c c e p t a b l e  c o n c e n t r a t i o n  of €NO3 i n  S t r i p  1 is about  0.05 2. 

P r e l i m i n a r y  experiments  were performed w i t h  a large t h r e e  
compartment ce l l  (V1 = V2 = V3 = 150 c c ) ,  w i t h  t h e  purpose of 
i d e n t i f y i n g  t h e  optimum exper imenta l  c o n d i t i o n s  t o  keep t h e  HN03 
c o n c e n t r a t i o n  i n  S t r i p  1 low enough f o r  s u f f i c i e n t l y  long times. 
The r e s u l t s  are shown i n  Fig. 4 f o r  d i f f e r e n t  sets of exper imenta l  
c o n d i t i o n s .  It appears  t h a t  when t h e  Primene JM-T c o n c e n t r a t i o n  
i s  1 2 ,  ( c o n d i t i o n  2 )  t h e  HN03 c o n c e n t r a t i o n  is  v e r y  low even 
a f t e r  8 hours .  A similar r e s u l t  i s  obta ined  when t h e  Primen 
c o n c e n t r a t i o n  is 0.2 M, and t h e  area of SLM 1 i s  2.3 c m  
( c o n d i t i o n  3 ) .  An e v e n  lower va lue  of t h e  HN03 c o n c e n t r a t i o n  i n  
t h e  S t r i p  1 s o l u t i o n  i s  reached i n  experiments  4 and 5. The d a t a  
of F igure  4 i n d i c a t e  t h a t  f o r  a 1 M HNO3 feed  s o l u t i o n ,  t h e  HNO3 
c o n c e n t r a t i o n  i n  S t r i p  1 can  be e f f e c t i v e l y  c o n t r o l l e d  at  a s t e a d y  
s ta te  v a l u e  lower than 0.05 M w i t h  SLM's having t h e  same a r e a  

9 

( - = - -  *' - 0.054 cm-') and with a 1 g Primene JM-T s o l u t i o n  i n  &I 

v1 "2 
t h e  SLM 2. 
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, - 1  I I 

- 0  

0 

. 
0 

0 .- 

Figure  4.  [HN03]Stripl v s  t ( h r )  f o r  t h e  double  supported l i q u i d  
membrane system of Fig. 3. SLM 1 = 0.25 CMPO + 0.75 5 TBP in 
d e c a l i g .  S t r i p  1 = water. S t r i p  2 = 4 2 NaOH. V f  = V2 = Vg = 
150 c m  . A, = 18 em2. 
1 ,  e, FeedL= 2 

2 ,  0, Feed = 2 g H N 0 3 ,  SLM 2 = 1 MPrimene  JM-T i n  d e c a l i n ,  

3 ,  A, Feed = 1 M HNO 

4 ,  0, Feed = 1 g HNO3, SLM 2 = 1 1 Primene JM-T i n  d e c a l i n ,  

5 ,  w, Feed = 1 & HN03, 8LM 2 = 1 & Primene JM-T i n  d e c a l i n ,  

HNO3, SLM 2 = 0.2 g Primene JM-T i n  d e c a l i n ,  
A1 = 18 cm 

A 1  = 18 c m  

A;= 2.3*cZp 

A1 = 18 cm2 

A 1  = 18 cm . 

2 = 0.2 g Primene JM-T i n  d e c a l i n ,  

Q u a n t i t a t i v e  D e s c r i p t i o n  of HNO? T r a n s p o r t  

For a more q u a n t i t a t i v e  d e s c r i p t i o n  of t h e  permeat ion of HN03 
through t h e  double  SLM system, t h e  following c o n s i d e r a t i o n s  can be 
made on t h e  f l u x  of HN03 th rough t h e  s i n g l e  SLM's. A t  t h e  SLM 1 ,  
where t h e  HN03 c o n c e n t r a t i o n  i n  t h e  feed s o l u t i o n  i s  h i g h  (- 1 s), 
t h e  HN03 f l u x ,  J l ,  i s  approximately 

where ([CMPO] + [TBP]) i s  t h e  t o t a l  c o n c e n t r a t i o n  of membrane 
carrier f o r  t h e  HN03 t r a n s p o r t ,  and A. i s  t h e  membrane d i f f u s i o n a l  
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REMOVAL OF ACTINIDES AND LANTHANIDES 651 

parameter .  Note t h a t  t h e  f l u x  of t h e  permeat ing s p e c i e s  i s  
independen t  of  i t s  c o n c e n t r a t i o n  and i s  r e p r e s e n t e d  by t h e  t ime- 
independent  r a t i o  of Eq. ( 6 ) .  This  s i t u a t i o n  o c c u r s  whenever t h e  
c o n c e n t r a t i o n  o f  t h e  s p e c i e s  t r a n s p o r t e d  th rough  t h e  SLM i s  h i g h  
enough t o  s a t u r a t e  t h e  c a r r i e r  p r e s e n t  i n  t h e  l i q u i d  membrane. 
Equa t ion  ( 6 )  has been v e r i f i e d  i n  a number of  c a s e s  of metal and 
a c i d  t r a n s p o r t  through SLM's. I ts  d e r i v a t i o n  and v a l i d i t y  i s  
d i s c u s s e d  i n  d e t a i l  i n  Refe rence  15. 

A t  t h e  SLM 2 ,  where t h e  c o n c e n t r a t i o n  of HN03 i n  t h e  S t r i p  1 
s o l u t i o n  i s  always q u i t e  low, as t h e  d a t a  of Fig.  4 show, a 
d i f f e r e n t  s i t u a t i o n  ho lds .  I n  t h i s  c a s e  Eq. ( 3 )  a p p l i e s .  A t i m e -  
i ndependen t  p e r m e a b i l i t y  c o e f f i c i e n t ,  P2, of HN03 t h rough  SLM 2 
can be d e f i n e d ,  and t h e  HN03 f l u x ,  J2, i s  g iven  by 

J2  = P2 [ H N o 3 1 ~ t r i p  1 ( 7 )  

The c o n c e n t r a t i o n  v a r i a t i o n  of  HN03 i n  t h e  i n t e r m e d i a t e  
compartment of a doub le  SLM c e l l  i n  expe r imen ta l  c o n d i t i o n s  
similar t o  t h o s e  p r e v i o u s l y  shown is  t h e n  g i v e n  by 

( 8 )  
d[HN031Str ip  1 - ([CMPO] + [TBP]) 5 + d 2  

d t  % v2 - v2 [HNo31s t r ip  1 

The f i r s t  term of t h e  sum on t h e  r i g h t h a n d  s i d e  of  Eq. ( 8 )  r ep re -  
s e n t s  t h e  accumula t ion  f a c t o r  due t o  t h e  t r a n s p o r t  of HNO3 i n t o  
t h e  volume V2 by SLM 1, and t h e  second term r e p r e s e n t s  t h e  dep le -  
t i o n  f a c t o r  due t o  t h e  HN03 removal o p e r a t e d  by SLM 2. It f o l l o w s  
from Eq. ( 8 )  t h a t  when [HN03IStrip i s  c o n s t a n t  w i t h  t ime  

The v a l u e  of [HNO3Istrip a t  t h e  s t e a d y  s t a t e  can be c a l c u l a t e d  
i f  t h e  t ime independent  f l u x  through SLM 1 ,  t h e  p e r m e a b i l i t y  
c o e f f i c i e n t  P2 ,  and t h e  g e o m e t r i c a l  f a c t o r s  a r e  known. 

De te rmina t ion  of HN07 F l u x  th rough  SLM 1 and HN07 P e r m e a b i l i t y  
through SLM 2 

- 

The f l u x  of HN03 t h rough  t h e  SLM 1 w a s  determined u s i n g  1 
HN03  as f eed  and water as s t r i p  s o l u t i o n .  The r e s u l t s  r e p o r t e d  i n  
Fig.  5 show t h a t  t h e  HN03 t r a n s p o r t  t h rough  SLM 1 i s  a ze ro  o r d e r  
proces,s w i t h  r e s p e c t  t o  t h e  HN03 c o n c e n t r a t i o n ,  as expec ted  from 
Eq. ( 6 ) ,  and t h a t  a J1 f l u x ,  c o n s t a n t  f o r  a t  l e a s  8 h u r s ,  i s  
ob ta ined .  The s l o p e  of  t h e  s o l i d  l i n e  i s  1.82x1O-'M s-' c o r r e -  
sponding t o  a c o n s t a n t  HNO3 f l u x  of 3 . 3 7 ~ 1 0 - ~  moles s-'. 

To de te rmine  P2 of Eq. ( 7 ) ,  a s i n g l e  SLM experiment  w a s  per- 
formed where 0.01 % HNO3, 1 % Primene JM-T i n  d e c a l i n ,  and 0.1 
HaOH were f e e d ,  membrane and s t r i p  s o l u t i o n  r e s p e c t i v e l y .  The 
r e s u l t s  a r e  r e p o r t e d  i n  Fig.  6 .  For a c i d i t i e s  lower t h a n  
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1.00 

0.99 
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Q 0.97 
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0.96 
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Figure  5. 
Feed = 1 HNO3. S t r i p  = water .  S ing13 SLM 1 = 0.25 3 CMPO + 
0.75 .b-f TBP i n  d e c a l i n .  Volumes = 150 c m  . Membrane a r e a  = 18 
cm . 

[HN03IFeed vs  t ( h r )  f o r  t h e  s i n g l e  SLM 1 system. 

2 

Figure  6 .  
Feed = M l l N 0 3 .  S t r i p  = 0. M NaOH. SLM 2 = 1 Prime e JM-T 
i n  d e c a l i n .  Volunes = 150 cm'.- Membrane a r e a  = 18 c m  . The 
PermeabiLity c o e f f i c i e n  P2, - f a l c u l a t e d  from t h e  s l o p e  of t h e  
s t r a i g h t  l i n e  is  ~ . I x ~ O - ~  cm*s . 

[ H N O ~ I P ~ ~ ~  vs t ( h r )  € o r  t h e  s i n g l e  SLM 2 system. 

2 - 
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REMOVAL OF ACTINIDES AND LANTHANIDES 653  

~ x I O - ~  M, t h e  d a t a  f a l l  on a st a i g h t  l i n e  a expec ted  from 
Eq. (3) .  The d a t a  between 1x10- M and 3x10-' M r e p r e s e n t  a 
t r a n s i t i o n  r e g i o n  where n e i t h e r  e q u a t i o n  ( 6 )  n o r  e q u a t i o n  ( 7 )  
app ly .  Th i s  s i t u a t i o n  h a s  been e x t e n s i v e l y  t r e a t e d  i n  Ref. 15. 
From t h e  s l o p e  of  t h e  s t r a i g h t  l i n e  p a s s i n g  throug-I t h e  

c a l c u l a t e d .  T h i s  v a l u e  is  n o t  v e r y  d i f f e r e n t  from 2.1x10-' cm s 
p r e v i o u s l y  r e p o r t e d  i n  R e f .  1 2  f o r  0.1 g Primene JM-T i n  
d i e t h y l b e n z e n e .  

- h 

expe r imen ta l  p o i n t s  t h e  v a l u e  P2 = 1 . 1 ~ 1 0 - ~  cm la 

Comparison Between C a l c u l a t e d  and Experimental  S t eady  S t a t e  HN03 
C o n c e n t r a t i o n  i n  S t r i p  1 S o l u t i o n  

The HN03 t r a n s p o r t  through t h e  doub le  SLM sys t em was a l s o  
s t u d i e d  w i t h  t h e  same m i n i a t u r i z e d  c e l l  used f o r  t h e  r a d i o n u c l i d e  
t r a n s p o r t  expe r imen t s .  The r e s u l t s  of  t h i s  exp r imen t  (F ig .  7 )  
show t h a t  a f t e r  an i n i t i a l  i n c r e a s e  t o  about  4x10-' g, t h e  HN03  
conce t r a t i o n  s t a b i l i z e s  t o  a s t e a d y  s t a t e  v a l u e  of  abou t  
2x10- Th i s  v a l u e  s t a y s  c o n s t a n t  up to a t  least  50 hours.  The 
s t e a d y  s a t e  HN03 c o n c e n t r a t i o n  c a l c u l a t e d  by means of Eq. ( 9 )  i s  
3.06x10-' M. The agreement between t h e  expe r imen ta l  and 
ca l cu la t ed -  c o n c e n t r a t i o n s  i s  r e a s o n a b l e ,  c o n s i d e r i n g  t h e  
approx ima t ions  invo lved  i n  o b t a i n i n g  Eq. ( 6 )  and Eq. (7). Under 
t h e  e x p e r i m e n t a l  c o n d i t i o n s  shown i n  Fig.  7 ,  t h e  combined e f f e c t  
of SLM 1 and SLM 2 i n  c o n t r o l l i n g  t h e  HN03  c o n c e n t r a t i o n  i n  t h e  
S t r i p  1 s o l u t i o n  i s  t h e r e f o r e  s a t i s f a c t o r i l y  unde r s tood .  The 
r e s u l t i n g  HN03 c o n c e n t r a t i o n  i s  always s u f f i c i e n t l y  l o w  n o t  t o  
s low down t h e  t r a n s p o r t  of t h e  metal s p e c i e s  by SLM 1. 

!I 

Removal of A c t i n i d e s  from S y n t h e t i c  Nuclear  Wastes w i t h  a Double 
SLM System 

The same t h r e e  compartment c e l l ,  SLM 1, SLM 2 ,  and S t r i p  2 
s o l u t i o n  have been used i n  a series of expe r imen t s  t o  s t u d y  t h e  
t r a n s p o r t  of a c t i n i d e s .  In t h i s  case, t h e  AW o r  DSW s y n t h e t i c  
waste s o l u t i o n s  and a fo rmic  a c i d  s o l u t i o n  ( c o n t a i n i n g  5110-2 M 
HAF when plutonium t r a n s p o r t  w a s  s t u d i e d )  were used as Feed a n d  
S t r i p  1 s o l u t i o n s ,  r e s p e c t i v e l y  . F i g u r e  8 r e p o r t s  t h e  d a t a  
o b t a i n e d  f o r  t h e  removal of americium from an AW Feed. In t h i s  
c a s e  t h e  S t r i p  1 s o l u t i o n  was 1 HCOOH. These r e s u l t s  show t h a t ,  
due t o  t h e  p re sence  of SLM 2, t h e  t r a n s p o r t  p r o c e s s  d o e s  n o t  s t o p  
as occur red  i n  t h e  expe r imen t  r e p o r t e d  i n  Fig.  2. The e r i c i u  
p e r m e a b i l i t y  c a l c u l a t e d  from t h e  d a t a  of Fig.  8 is 9 ~ 1 0 %  cm S-' 

i n  good agreement w i t h  t h e  r e s u l t s  r e p o r t e d  p r e v i o u s l y  ( 6 )  
o b t a i n e d  w i t h  o n l y  SLM 1 and sodium c i t ra te  as s t r i p  s o l u t i o n .  
Attempts  t o  use a more d i l u t e d  HCOOH s o l u t i o n  as S t r i p  1 (0.1 E, 
HCOOH o r  w a t e r )  were u n s u c c e s s f u l .  The americium t r a n s p o r t  ceased  
a f t e r  less t h a n  1 hour  p robab ly  because of t h e  p r e c i p i t a t i o n  of 
hydrolyzed s p e c i e s  on t h e  s t r i p  s i d e  of  t h e  membrane. 
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F i g u r e  7. [HNO3IStri v s  t ( h r )  f o r  t h e  doub le  SLM s y s t e m  of 
Fig. 3. Feed = 1 h O 3 ,  V1  = 4 em3 SLM 1 = 0.25 CMPO f 

0.75 M TBP i n  d e c a l i n ,  A1 = 1.71 cm . S t r i p  1 = water, V2 = 
10 cG3. SLM 2 = 1 Primene JN-T i n  d e c a l i n ,  A2 = 1.71 cm2.  
S t r i p  2 = 4 2 NaOH,  V3 = 4 cm . 

2' 

3 

- 
$ 10' 

c los 

\ 

E 
n 
0 
Y 

2 
I- 
0 
U 
E 10' 

r 

* N 

0 u 
1 0' 

t I 0 

0 

0 
0 

0 

F i g u r e  8. 241Am a c t i v i t y  (cpm/lOX) i n  t h e  f eed  s o l u t i o n  v s  t ime  
( h r )  fo r  t h e  doub le  SLM sys t em of Fig.  3. Feed = AW. S t r i p  1 = 
13 HCOOH. O the r  c o n d i t i o n s  as i n  Fig.  7. 
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F i g u r e  9 r e p o r t s  a s i m i l a r  experiment  where t h e  AW f e e d  w a s  
t r a c e d  w i t h  plutonium. I n  t h i s  case a l s o ,  t h e  t r a n s p o r t  p r o c e s s  
does  n o t  s low down. The plutonium p e r m e a b i l i t y  c o e f f i c i e n t  i s  
~ . O X ~ O - ~  cm s-l i n  good agreement w i t h  t h e  v a l u e  c i t e d  i n  
Ref. 6. It must be po in ted  o u t ,  however,  t h a t  a f t e r  25 h o u r s ,  
when no plutonium a c t i v i t y  cou ld  be d e t e c t e d  i n  t h e  f eed  s o l u t i o n ,  
a s m a l l  f r a c t i o n  of t h e  t o t a l  a c t i v i t y  (0.76%) w a s  found absorbed 
on t h e  SLM 2 membrane. Th i s  r e s u l t  p robab ly  i n d i c a t e s  t h a t  some 
i n t e r a c t i o n  p r o c e s s  such  a s  polymer fo rma t ion  o c c u r s  a t  t h e  i n t e r -  
f a c e  between t h e  S t r i p  1 s o l u t i o n  and t h e  SLM 2 membrane. No Pu 
a c t i v i t y  w a s  found i n  t h e  S t r i p  2 s o l u t i o n .  

An experiment  des igned  t o  demons t r a t e  t h a t  t h e  t o t a l  a c t i v i t y  
of  a s y n t h e t i c  waste cou ld  be removed by a dcp+b$e S 
a l s o  performe u s i n g  a DSW feed  c o n t a i n i n g  Am, 

g )  and "Tc. The r e s u l t s  of t h e s e  expe r imen t s  are r e p o r t e d  
i n  Fig.  10. The d a t a  show t h a t  i t  is  p o s s i b l e  t o  remove a c t i v i t y  
from a DSW s o l u t i o n  y i e l d i n g  a waste  c o n t a i n i n g  less t h a n  100 nCi 
of t o t a l  r a d i o n - y l i d e s  pe r  gram of  s o l i d i f i e d  waste  u t i l i z i n g  a 1 
- M HCOOH + 5.10 M HAF s t r i p p i n g  s o l u t i o n ;  no c o m p l i c a t i o n s  a r e  
i n t r o d u c e d  by t h e  s i m u l t a n e o u s  H N 0 3  t r a n s p o r t .  A t  t h e  nd of t h e  
expe r imen t ,  t h e  S t r i p  2 s o l u t i o n s  c o n t a i n e d  most of "Tc. The 
proposed o u b l e  SLM sys t em can be t h e n  a l s o  used t o  s e l e c t i v e l y  
r e c o v e r  "Tc from t h e  w a s t e  s o l u t i o n s .  

A b l ank  experiment  i d e n t i c a l  t o  t h e  one r e p o r t e d  i n  Fig.  10 
b u t  w i t h  no r a d i o n u c l i d e s  w a s  a l s o  performed i n  o r d e r  t o  f o l l o w  
t h e  t r a n s p o r t  t h rough  t h e  doub le  SLM sys t em of  t h e  DSW components 
which show some e x t r a c t a b i l i t y  by t h e  TRUEX p r o c e s s  s o l v e n t .  The 
r e s u l t s  are r e p o r t e d  i n  Table  1 as p e r c e n t a g e  o f  t h e  i n i t i a l  DSW 
components found i n  each  compartment a f t e r  24 hour s .  The a n a l y s e s  
were performed by ICP-AES w i t h  t h e  e x c e p t i o n  of uranium which w a s  
de t e rmined  by f l u o r e s c e n c e .  A s  e x p e c t e d ,  a lmos t  100% of t h e  
l a n t h a n i d e  e l e m e n t s ,  which are e x t r a c t e d  by t h e  TRUEX p r o c e s s  
s o l v e n t ,  were found i n  t h e  S t r i p  1 s o l u t i o n ,  t o g e t h e r  w i t h  most of 
t h e  uranium, s u b s t a n t i a l  q u a n t i t i e s  of y t t r i u m  and pa l l ad ium and 
minor q u a n t i t i e s  of  ru then ium,  z i r con ium,  i r o n ,  and aluminum. 
Only about  13% of t h e  uranium and 6% of  t h e  ruthenium were found 
i n  t h e  NaOH S t r i p  2 s o l u t i o n .  The t echne t ium,  i f  p r e s e n t ,  would 
be t h e n  fol lowed by minor q u a n t i t i e s  of  t h e s e  two e l emen t s .  From 
t h e  d a t a  of Tab le  1 ,  i t  can a l s o  be seen  t h a t  a good mass b a l a n c e  
i s  found f o r  a l l  t h e  i n v e s t i g a t e d  e l emen t s  excep t  f o r  Mo, Rh, Pd, 
and t o  a lesser d e g r e e  f o r  Ru. The p o s s i b i l i t y  t h a t  t h e s e  l a t t e r  
e l emen t s  p r e c i p i t a t e  p a r t i a l l y  on t h e  SLM 2 s u r f a c e  o r  a r e  t o  some 
e x t e n t  i r r e v e r s i b l y  e x t r a c t e d  by SLM 2 cannot  be excluded.  It i s  
impor t an t  t o  obse rve  t h a t  HCOOH i s  v e r y  l i t t l e  e x t r a c t e d  by t h e  
SLM 2. A t  t h e  end of t h e  experiment  t h e  S t r i p  1 s o l u t i o n  was 
t i t r a t e d  and i t s  a c i d i t y  (HCOOH + HNO3) was 0.854 g. Since  we 
know t h a t  i n  t h e s e  c o n d i t i o n s  t h e  HN03 c o n c e n t r a t i o n  i n  S t r i p  1 i s  
about  Z X ~ O - ~  M ,  we can  conclude t h a t  o n l y  about  15% of t h e  i n i t i a l  
fo rmic  a c i d  wzs t r a n s p o r t e d  i n t o  t h e  NaOH compartment. 
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F i g u r e  9. 
( h r )  fo r  t h e  dou l e  SLM s y s t e m  of Fig. 3. Feed = AW. S t r i p  
1 - M HCOOH + 5x10-’ - M HAF. O t h e r  c o n d i t i o n s  as i n  Fig.  7 .  
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T o t a l  a+B (open  c i r c l e s )  and Y ( f u l l  c i r c l e s )  a c t i v i t v  

HAF. O t h e r  
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SLM 1 

Feed 

V 1  A 1  

Tab le  2 

C o n c e n t r a t i o n  of Major I n a c t i v e  DSW Components i n  a Double 

SLM System A f t e r  24 Hour O p e r a t i o n  

SLM 2 

S t r i p  1 S t r i p  2 

v 2  A 2  v 3  

Element I n i t i a l  Molar Feed S t r i p  1 S t r i p  2 Ba lance  

C o n c e n t r a t i o n  % % % % 

i n  DSW 

La 

C e  

Nd 

Y 

Fe 

A 1  

S r  

Z r  

Mo 

Ru 

Pd 

Rh 

U 

2.5 

2.0 

1.0 

30.4 

97.4 

99.1 

99.2 

96.1 

88.9 

75.7 

58.6 

91.6 

1.0 

97.5 

98.0 

99.0 

69.4 

2.8 

0.9 

0 
3.7 

0 

15.3 

33.9 

0 

85.7 

0 

0 

0 

0 

0.01 

0 

0 

0.2 

0 

6.0 

0 

0 

13.3 

100.0 

100.0 

100.0 

99.8 

100.2 

100.0 

99.2 

100.0 

88.9 

97.0 

92.5 

91.6 

100.0 
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Promising r e s u l t s  were a l s o  o b t a i n e d  as f a r  as t h e  t o t a l  salt 
c o n t e n t  of t h e  S t r i p  1 s o l u t i o n  was concerned.  The s a l t  c o n t e n t  
of  t h e  S t r i p  1 s o l u t i o n ,  expres sed  as grams of ox ides  p e r  l i t e r  of 
s o l u t i o n ,  was about  2 ,  while i n  t h e  i n i t i a l  DSW f e e d  s o l u t i o n  i t  
w a s  230 (HN03 i s  c o n s i d e r e d  n e u t r a l i z e d  as NaN03). In  t h e  e x p e r i -  
ment of Tab le  1 t h e  s a l t  c o n t e n t  of t h e  s o l u t i o n  t o  be e v e n t u a l l y  
v i t r i f i e d  ( S t r i p  1) was t h e n  reduced more t h a n  100 times. 

SUMMARY AND CONCLUSIONS 

The work performed has  demonstrated t h a t  t h e  problem c r e a t e d  
by t h e  s imul t aneous  permeat ion of HN03  t o g e t h e r  w i t h  l a n t h a n i d e s  
and a c t i n i d e s  i n  a TRUEX p r o c e s s  solvent-based SLM p r o c e s s  f o r  t h e  
removal of a c t i n i d e s  from s y n t h e t i c  n u c l e a r  a c i d i c  w a s t e s  can  be 
so lved .  The method proposed and i n v e s t i g a t e d  c o n s i s t s  i n  c o n t a c t -  
i n g  t h e  s t r i p p i n g  s o l u t i o n  t o  be  d e n i t r a t e d  w i t h  a second SLM con- 
t a i n i n g  t h e  carrier Primene JM-T. The pr imary amine s e l e c t i v e l y  
t r a n s p o r t s  t h e  H N 0 3  t o  an a l k a l i n e  s o l u t i o n  where i t  i s  n e u t r a -  
l i z e d .  The c o n d i t i o n s  t o  perform such  a p r o c e s s  on a l a b o r a t o r y  
scale w i t h  f l a t - s h e e t  membrane s u p p o r t s  have been worked o u t ,  and 
a q u a n t i t a t i v e  d e s c r i p t i o n  of  t h e  HNO3 t r a n s p o r t  t h rough  t h e  
doub le  SLM sys t em has  been g iven .  

Experiments  performed w i t h  s y n t h e t i c  waste  s o l u t i o n s  c o n t a i n -  
i ng  d i f f e r e n t  r a d i o n u c l i d e s  have shown t h a t  i t  i s  p o s s i b l e  t o  re- 
move t h e  a c t i n i d e s ,  c o n f i n i n g  them i n  a formic a c i d  s o l u t i o n .  I n  
t h i s  way p e r i o d i c a l  r ep lacemen t s  of  t h e  s t r i p  s o l u t i o n  o r  t h e  
the rma l  d e s t r u c t i o n  of  H N 0 3  i s  avoided.  F u r t h e r  knowledge is 
needed on t h e  c h e m i s t r y  of t h e  i n t e r a c t i o n  a t  low a c i d i t y  between 
some f i s s i o n  p r o d u c t s  and t h e  Primene JM-T membrane. 
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