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ABSTRACT

I t  i s  p ro p o sed  t o  r e c o v e r  n ep tu n iu m -2 3 7 , a longw i th  

u ran ium  and p lu to n iu m ,  d u r ing  the f u e l  r e p r o c e s s i n g  in  the PREFRE 

P l a n t  a t  Tarspur® C o u n t e r - c u r r e n t  e x t r a c t i o n  s t u d i e s ,  r e l e v a n t  to  

the  c o d e c o n ta m in e t io n  (HA) and p a r t i t i o n i n g  (IA) c y c l e s  of  the  

p u re x  p r o c e s s ,  were c a r r i e d  o u t  to  a r r i v e  a t  s u i t a b l e  chemical  

f l o w s h e e t  c o n d i t i o n s  which would e n a b l e  the  c o e x t r a e t i o n  of  

nep tun iue l  a l o n g u i t h  u ran ium end p lu t o n i u m .  The r e s u l t s  o f  the 

s t u d i e s  c a r r i e d  o u t  u s i n g  e l a b o r a t o r y  m i x e r - a e t t l a r  u n i t  and 

s y n t h e t i c  m ix tu re s  o f  neptunium and uranium a re  r e p o r t e d  h e r e .  

Baaed on th e s e  r e s u l t s ,  t h e  chem ica l  f l o w s h e e t  c o n d i t i o n s  are 
p ro p o s e d  '’o r  t h e  eoex tsac fc ion  of  nep tun ium even i f  i t  e x i s t s  as 

Np(V) i n  the  aqueous f e e d  s o l u t i o n .
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PART -  I

1» INTRODUCTION

.Neptunium—237 i s  formed in k i l o g ra m  q u a n t i t i e s  in  n u c l e a r
power r e a c t o r s  with  h igh  b u rn —up, e s p e c i a l l y  with  e n r i c h e d  uranium

( 1)f u e l s -  Although i t  was d i s c o v e r e d  n e a r l y  30 y e a r s  ago » t h i s
i s o to p e  has assumed i n c r e a s i n g  impor tance  on ly  r e c e n t l y  as i t  ie

23 8p r i m a r i l y  u sed  as the s t a r t i n g  m a t e r i a l  f o r  the  p ro d u c t i o n  of  Pu -
23 0Because of  i t s  ve ry d e s i r a b l e  n u c l e a r  decay p r o p e r t i e s ,  Pu ie  one 

of  the most  s u i t a b l e  h e a t  s o u r c e s  fo r  f u e l l i n g  the r a d i o i s o t o p i c  power
s o u r c e s -  P lu ton ium -238  has a s p e c i f i c  power of  0-55 w a t t  p e r  gram and

(emits  l i t t l e  gamma and n e u t r o n  r a d i a t i o n  ~ - During f u e l  r e p r o c e s s i n g
237by the p u rex  p r o c e s s ,  Np can be r e c c v e r e d  as a v a l u a b l e  by -p ro d u c t

( 2-7)a longwi th  p lu ton ium  and uranium . In T a ra pu r  Atomic Power Reac to rs
237about 5—7 Kg of Np i s  e x p e c t e d  to be p roduced  a n n u a l ly  assuming a

/ g\
burn-up  of  15000 to 20000 MU0/T and 80$ lo a d  f a c t o r  - From R a jas than

2-5,7
Atomic Power R eac to rs  a b o u t  3-4  Kg of “ *N p i s  expec ted  t o  be produced

237p e r  y e a r -  I t  i s  proposed  to r e c o v e r  Np, a long  with  uran ium and

p lu to n iu m ,  d u r in g  the f u e l  r e p r o c e s s i n g  o f  t h e  s p e n t  f u o l s  from both

th e se  r e a c t o r s ^  The p r e s e n t  work was u n d e r t a k e n  with  a view to  a r r i v e
237a t  optimum, c o n d i t i o n s  f o r  the  recovery  of  Np in the f u e l  r e p r o c e s s i n g

p l a n t  u n d e r  c o n s t r u c t i o n  a t  T a ra pu r -  I t  i s  known t h a t  i n  t h e  pu rex  p ro c e s s  
237Np c o u ld  be fo rc e d  to f o l l o w  the aqueous r a f f i n a t e ,  p lu ton ium  or
uranium s t r e a m  by c a r e f u l  c h o ic e  of  a c i d i t y ,  uranium l o a d i n g  o f  the

237o r g a n ic  phase  and the o x i d a t i o n  s t a t e  o f  iip- Tt  was, however,  f e l t  
t h a t  i t  a o u l d  be most c o n v e n i e n t  t o  r e c o v e r  neptunium from th e  r e f f i n e t e  

in  the uran ium p u r i f i c a t i o n  cy c l e  (2D c y c l e ) -

The d i s t r i b u t i o n  c o e f f i c i e n t  d a t a  r e p o r t e d  on th e  e x t r a c t i o n

of  Np(lV) and Np(VI) a t  v a r y i n g  n i t r i c  a c i d  and uranium c o n c e n t r a t i o n s
' ( Q ol i )  (9 -12)

o b ta in e d  a t  room t e m p e r a t u r e  and a t  45°C '  end 60®C showed
t h a t  bo th  Np( lV )  and Np(Vl)  would g e t  e x t r a c t e d  a p p r e c i a b l y  under the



the- pureix p ro c e s s  c o n d i t io n * *  I t  was, ho we we n e e e e e a ry  t o  c a r r y
o u t  c o u n t e r - c u r r e n t  e x t r a c t i o n  s t u d i e s  r e i n v e n t  to  t h e  p y re x  prae@@© 

to  e s t a b l i s h  th e  same* The r e s u l t s  o f  th e  e t u d ie e  c a r r i e d  e v t  f o r  th® 
c o e x t r a c t i o n  o f  n e p tu n iu a  un d er  th e  c o n d i t io n *  r e l e v a n t  t© th e  f i r s t  
(HA) and second  (IA ) c y c l e s  o f  th e  pu rex  p ro c e s s  c a r r i e d  o u t  u s in g  e 
l a b o r a to r y  m i x e r - a e t t l a r  and a y n t h e t i e  m ix tu r e s  o f  ncptuniuea end 

urenJ.ua a re  d e s c r ib e d  in  t h i s  r e p o r t*

2 .  THE niXER-SETTLER UNIT

The u s e f u ln e s s  o f  l a b o ra to r y  m i x a r - a e t t l e r  e t u d i s s  was sum m arised 
(13)by Damrack e t  a l  .  Such s tu d io s  f u r n i s h  v a lu a b le  d a t a  f o r  th e  eb em ig e l  

f lo u a h e e t  o f  a p ro cess  b e in g  i n v e s t i g a t e d  f o r  p r o c e s s in g  o f  n u c le a r  

m a te r ia l s *  The s ta g e  sam ple a n a l y s i s  o f  th e  v a r io u s  com ponentsB in  a 
m ulticom ponen t e x t r a c t i o n  p r o c e s s ,  a t  th e  end o f  a c o u n t o r - c u r r e n t  
e x t r a c t i o n  experim en t g iv e s  r e a l i s t i c  and c o n v e n ie n t  e q u i l i b r i u m  d a t a  

f o r  th e  p r o c e s s .  Such d a t a  can be compared w ith  t h e o r e t i c a l  s t a g e s  d e t a  
o b ta in e d  by g r a p h ic a l  o r  by computer c a l c u l a t i o n s  f o r  th e  s o lv e n t  

e x t r a c t i o n  p r o c e s s .  Thus i t  can p ro v id e  v a lu a b le  in f o r m a t io n  which i e  a 

sound b a s i s  f o r  a c a l in g  u p .

A 12 - s ta g e  s t a i n l e s s  e t e e l  p e rs p e x  m i n i m i x e r - s a t t l a r  u n i t
C14 )(F ig  1 & 2 )  o f  Eurochemic ty p e  * f a b r i c a t e d  in  Trombay, was used  in  

thw- s t u d i e s .  A l l  th e  mixing com partm ents a re  on o r*  a id e  and

th e  s e t t l i n g  com partments a re  on the  o p p o s i t e  a i d s  o f  t h e  c e n t r e !  
e ta in la e ®  s t e e l  r e c t a n g u l a r  b lock  which i e  s u i t a b l y  o u t  and m achined.
Two o a ra p e x  sh e e ts  (12  mm t h i c k )  were f i x e d  on each f a c e  o f  th e  a t a i n l e t a  

s t e a l  b lo c k  u s in g  t e f l o n  g a s k e t s .  This  made i t  c o n v e n ie n t  t o  o b se rv e  
th e  m ixing and s e t t l in g  as  w a l l  as  i n t e r f a c e  l e v e l  d u r in g  fch@ p ro g re e e  

o f  th e  e x p e r im e n t .  Also i t  p re v e n te d  in t e r m i x e s  o r  i n t e r s e t t l i B r  
l e a k a g e s .  Each mixer has  t h r e e  h o le s  which c o n n e c t  i t  t o  t h r e e  s s t t l a r ®  

and each  s e t t l e r  a l s o  he® t h r s e  h o ls s  which i n  tu r n  c o n n e c t  i t  to  " th re e  
m ix e rs .  The em ulsion o f  t h e  l i g h t  and heavy pbsgs® le a v e s  © m ixer f r e e  
th e  c e n t r e  h o le  to  a c o r re sp o n d in g  s e t t l e r  where th e  two p f ts s ss  @r@ 

s e p a r a t e d  and the  l i g h t  p h a se  moves -from th e  to p  h o le  o f  th e '  s e t t l e r '
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te. the a d j a c e n t  mixer in  one d i r e c t i o n  and the  heavy phase  moves fiom 

the bottom ho le  to the a d j a c e n t  mixer In the  o p p o s i t e  d i r e c t i o n ,  Thua 

the c o u n t e r - c u r r e n t  f low o f  aoi-eoug and o r g a n i c  phases  i s  ach leveo  in 
the u i x e r - a e t t l e r  u n i t  by g r a v i t y ,

Thu t o t a l  h o ld  up volume of each  s tage ,  i s  abou t  40 ml. The 

u n i t  uas o p e r a t e d  with  a combined flow r a n g i n g  from a bou t  4 ml to 10 

ml/min r e s u l t i n g  in an o v e r a l l  r e s i d e n c e  t ime of  about  10 to  4 minutes 

per  s t a g e .  In  the e a r l i e r  exper im en t s  the  aqueous f eed  and the  sc rub  

ware ped to  the  vmit  a t  a c o n s t a n t  flow r a t e  us ing  a c a p i l l a r y  a t t a c h e d  
to  a c o n s t a n t  l e v e l  o v e r f lo w  system and th e  f low of the o r g a n i c  s o l u t i o n  
uas c o n t r o l l e d  u s in g  a s to p c o c k  a t t a c h e d  to  a s i m i l a r  o v e r f lo w  sys tem.
The r e t e s  o f  the  e n t e r i n g  and ou tgo ing  s t r e a m s  were checked  p e r i o d i c a l l y
end cou ld  bo c o n t r o l l e d  w i t h i n  about  + 10^,  In the  l a t e r  exper im en t s
microf low m e te r in g  pumps were used to  f eed  a l l  tha i n a c t i v e  s tr eam s 

uheraa s  the  a c t i v e  s t r e a m  was fad  to  the  u n i t  only  th ro u g h  the  c a p i l l a r y  

ss  d e s c r i b e d  a a r l i e r .  The t e f l o n  m ic ro -uc i lo ins  pump o b t a i n e d  from 
n / a .  R esea rch  Appliance  Company, U .S .A . ,  was used fo r  T8P s t r e a m  u/hile 

f o r  i n a c t i v e  aqueous s t r e a m s ,  pumps s u p p l i e d  by M/s.  S h a p o to o l s  I n d i a  

and P l / s . CIV mhBs Germany were used .

The mixing was a c h i e v e d  by u s in g  two s t a i n l e s s  s t e e l  tubes

( 4 , 5  mm d i e )  in  each mixer  to  which vacuum was a l t e r n a t e l y  a p p l i e d .

The two s t a i n l e s s  s t e e l  tu b e s  in  each, m i x e r ,  used  f o r  a i r  p u l s i n g  to 

ach ieve  the  m ix ing ,  were a l t e r n a t e l y  c o n n ec ted  to  two s t a i n l e s s  s t e e l  

h eade rs  u s i n g  p o ly e th e n e  tu b e s  and vacuum a p p l i e d  to each  heade r  was 

a l t e r n a t e d  u s i n g  two th r e e -w a y  s o l e n o i d  v a l v e s  0 /4 11 NPT). o b t a in e d  

from M /s ,  Automatic  Swi tch  co» USA, co n n e c te d  to  e vacuum pump. The 
vacuum p u l s e  f r equency  c o u l d  be changed by an e l e c t r o n i c  t i m e r  and the 

u l a e  a m p l i t u d e  by chang ing  th e  vacuum. The p u l s e  f r eq u en cy  was u s u a l l y  
m a in t a i n e d  a t  120 c/min and t h e  vacuum used  was about  4-5  cm Hg as was 

measured  w i t h  a mercury manometer a t t a c h e d  t o  the  vacuum sy s t e m .  The 
m i x a r - s e t t l e r  u n i t  was p l a c e d  in  e g lo v e -b o x  whereas the  pumps, s o l e n o i d  
va lves  e t c ,  were o u t s i d e  below the  box,  The e x h a u s t  of  th e  pump was l e t  

in<2Q a n e a rb y  fumehood to  e n s u re  r a d i o c h e m i c a l  s a f e t y , "
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Tha aqueous pheaa o u t l e t  o f  th e  »ix<3r*»«©ttle? u n i t  mb® th ro u g h  
a p o ly th e n a  tube co n n ec ted  to  th® bofcto® o f  tha? l a s t  s e t t l o r .  This 
tu b s  Mas a t ta c h e d  to  an a d j u s t a b l e  clamp to  e n a b le  th e  e o n to o l  o f  th e  
in fca rfaea  in  tha  l e s t  s tag ® , Sn e l l  th e  e x t r a c t i o n  experim ent®  ®§yaou© 

n i t r i c  a c i d  was the  c o n t in u o u s  phase w h i le  f o r  the  p a r t i t i o n i n g  
ex p e r im en ts  3Ĉ > T 8P /S h® llao l” T was th® c o n t in u o u s  phase*

The advan tages  and disadvantage®  o f  v a r io u s  ty p e s  o f  th e
(13)l a b o r a to r y  m i x a r - a a t t l e r  u/ars summarized by 3amraek a t  a l  „ The 

p r e s e n t  s a l x e r - s a t t l e r  has  tna fo l lo w in g  l i m i t a t i o n s *

( e )  Tendency o f  b y p ass in g

( b )  Tendency to  back-m ix ing

( c )  No i n t e r f a c e  c o n t r o l  f o r  th e  i n d i v i d u a l  s t a g e s .
(d )  D i f f i c u l t y  o f  s ta g e  sam p lin g  w ith o u t  d i s t u r b i n g  

th e  e q u i l i b r i u m  c o n d i t io n s  as  th e  i s o l a t i o n  o f  each 

e ta g e  i s  n o t  p o s s ib le *

However even w ith  th e s e  l i m i t a t i o n s  the s i m p l i c i t y  end 

com pactness o f  t h i s  u n i t  made i t  very  u s e f u l  in  s tu d y in g  the  court ter™ 
c u r r e n t  e x t r a c t i o n  b e h a v io u r  o f  nep tun ium  under th e  c o n d i t i o n s  sr@l®vent 
to  th a  p ro c e s s  al™sd a t  i n  th e  p r e s e n t  i n v e s t i g a t i o n s «

3 .  EXPERIMENTAL
233Nepfcunium-23? was p u r i f i e d  from i t s  d a u g h te r  Pa b y e x t r a c t i o n

o f  th e  l a t t e r  from 7M n i t r i c  a c id  i n t o  0 .5  R TTA in  x y le n e .  The
237 239 ”*aSp u r i f i e d  Np was s p ik e d  w ith  rad io c h em ica l!* /  p u re  Mp o r  * Np t o

en a b le  th e  e s t im a t io n  o f  neptunium  by gamma c o u n t in g .  Neptuniui$»239

fo r  t h i s  pu rpose  was s e p a r a t e d  from p e r i o d i c a l l y  i r r a d i a t e d  n a t u r a l

uranium and ^®Np was p re p a re d  by i r r a d i a t i n g  ^*^Np i r r a d i a t e d  In  th e
flA psera" r e a c t o r .  The s o l u t i o n  c f  N p( v )  was p re p a re d  by th e  f o l l o t i i n §

235 23$method. Neptunium—23? s p ik e d  w ith  Np o r  Np in  1R i n l t r i e  ©eld 

s o l u t i o n  use  reduced  to  Mp(IV) u s in g  f e r r o u s  au lpham ate  (®£6@1R) anti



th e  Np(lW) m s  e x t r a c t e d  i n t o  0#SB TTA i n  xylenes* The ©xtreiefcQd Np(lV) 
was s t r i p p e d  i n t o  SB n i t r i c  acid*. The s t r i p  s o l u t i o n  yes  sc rubbed  w ith  
0»5R TTA to  remove any i r o n  p r e s e n t  end was s u b se q u e n t ly  sc ru b b ed  w ith  
benszone to  removee d i s s o l v e d  TTA* The a t r i p  s o l u t i o n  i n  EFT n i t r i c  s s i d  

c o n t a in in g  Np£lV) tie© th e  d i l u t e d  to  0«Sft and waa h e a te d  on a water™ 

b a th  f o r  a b o u t  an hour to  o x id i z e  Np(IV) t o  N p (y )e The o x id a t io n  o f  
Np( IV ) to  Mp(V) yea q u a n t i t e t i . v s  as uaa checked  by TTA e x t r a c t io n *

Tha s o l u t i o n  o f  Np(V) th u s  p re p a re d  yae added  to  uranium  s o l u t i o n  to  

p re p a re  t h e  fe e d  f o r  th e  e x t r a c t i o n  experim en t*

Ur amyl n i t r a t e  s o l u t i o n s  y e r e  p r e p a r e d  by d i s s o l v i n g  U^Og o r  

UOj i n  n i t r i c  eeid*  Uranium mbs e s t i m a t e d  s p e c t s o p h o t o m e t r l e a l l y  u s i n g  
th& t h l o e y n a t e  m e th o d ^  ̂  ® The c o n c e n t r a t i o n  of  n i t r i c  a c i d  in  ths  

u ran ium  s o l u t i o n  was d e t e rm in e d  by f c i t r a t i o r r  a g a i n s t  s t a n d a r d  sodium
(■» g \

h y d ro x id e  s o l u t i o n  a f t e r  complex! rvg uranium by o x a l a t e '  e

N i t r o u s  a c i d  was e s t im a te d  by u s i n g  i t  to  d i a z o t i s s  sulphani«= 
i i m i d e  end c o u p l in g  th e  p r o d u c t  w i th  N-C1-49a p h th y l )« @ th y len e  diamine
d i h y d r o e h l o r i d e  and m e asu r in g  the  o p t i c a l  d e n s i t y  a t  540  m/A. ®peetr©«=

(1 7 )  - _ /
p h o t o m e t r i c a l l y  * N i t r o u s  a c i d  i n  t h e  TBP phase was e s t i m a t e d  by

( is)d i r e c t l y "  (oaar us ing  th e  abso rbance  a t  377 myv- «

yanadium(y)  e o l u t i s n  was p r e p a s a d  by d i s s o l v i n g  V 0 ( l * R a2 • 5
gsrtid©) i n  d i l u t e  sodium hydnaad.de s o l u t i o n  and th e n  n i t r i c  a e i d  wee 
edded t c  i t  to  g iv e  t h e  a c i d i t y  o f  s b c u t  3M. Tha c o n c e n t r a t i o n  of 

’venadium(V) as© e s t i m a t e d  by s e d u c in g  y(V)  w ith  ©xeeee f e r r o u s  t e  
V( EV) s , o x i d i s i n g  th e  e x e e e e  f e r r o u s  by p e s o x id i , s u Ip h a t e  and then 
t i t r a t i n g  V(£V) w i th  © tenderd  KPinO^ s o l u t i o n ^

SOjjS TBP in  Sh®12e@l” T wee used aa th e  s o l v e n t  in  i l l  the
e x p e r i m e n t s s I n  a few i n i t i a l  e x p e r i m e n t s  ̂ 3 ^ . TBP ©as p ra ^ e q u i l ib r a f c e d

w i t h  S i  n i t r i c  a e i d  p r i o r  t e  usa to  a v o i d  th e  ©esud f o rm a t io n  n o t i c e d
( j

in  tiranium axtraetisn  experiment©'6 e This s howevere mbs found 
uniWeea6Ba»$r 'and 'sac discontinued in m m t of the sxparim@nt©0



23?
Tha i n i t i a l  c o n c e n t r a t i o n  o f  Np in  th e  aqueous fensd was 

about 1-5  yug /« l»  The f e e d  to  o rg a n ic  r a t i o  was a d j u s t e d  t o  g iv e  the  
d eo ira d  uranium  c o n c e n t r a t i o n  in  the  o r g a n i c  p h a se .  The a t t a in m e n t  o f  

the e q u i l ib r iu m  was checked  by p e r io d i c  a n a l y s i s  o f  th a  o u tg o in g  

s t r  113 f o r  neptunium gamma a c t i v i t y  u s in g  a u e l l —t y " -  NeT(Tli) 
s c i n t i l l a t i o n  c o u n te r .  U su a l ly  a c o n t in u o u s  o par a t  lor. " o r  3—* house 

from th a  s t a r t  gave a good h y d ra u l i c  s t a b i l i t y  aa was e v i d e n t  from 

re a s o n a b ly  c o n s ta n t  i n t e r f a c e s  in  a l l  t h e  s e t t l o r ® .  The ru n  wae 

f u r t h e r  c o n t in u e d  f o r  3 -4  hours  (o r  evon lo n g e r  som etim es) b e fo re  
e q u i l ib r iu m  e ta g e  sam ples  war® drawn f o r  a n a l y a i a .  About 1 ml o f  b o th  

the  phases  from each s e t t l e r  uaa w ithd raw n , w ith  a s y r in g e  fo r  a n a l y s i s  

a t  the end o f  th e  ru n .  I t  ua© assumed t h a t  th e  e q u i l i b r i u m  c o n d i t io n s  

remain a lm o s t  u n d is tu rb e d  w hile  the  s t a g e  sam p ling  uaa c a r r i e d  o u t ,

4 .  RESULTS AND DISCUSSION
( 6  2 1 )I t  mas r e p o r te d  9 t h a t  in  th e  fe e d  s o l u t i o n  o f  th a  f i r s t  

c y c le  o f  the  purex  p ro c e s s  neptunium e x i s t s  p re d o m in an tly  as Np(V) which 
i s  n o t  e x t r a c t a b l e  i n t o  TBP. As i t  was p ro p o sed  to  r e c o v e r  neptunium  
from th e  r a f f i n a t e  o f  th e  uranium p u r i f i c a t i o n  c y c l e ,  i t  wag n e c e s s a ry  

tc  e s t a b l i s h  the  c o n d i t io n s  so  t h a t  nep tun ium  cou ld  be c o e x t r a e t e d  

i n t o  TBP a long  w ith  p lu to n iu m  and uranium  in  th e  HA and IA c y c l e s .  
S e v e ra l  methods were s u g g e s te d  to  o x id i z e  Np(U) in  th e  f e e d  s o l u t i o n
to  Np(Vl) which i s  e x t r a c t a b l e  i n t o  TBP, th u s  .enab ling  th e  coextreotion

( g)
o f  neptunium  a long  w i th  uranium  and p lu to n iu m . Bahr s u g g e s te d  th e

1 2 2 )
b o i l i n g  o f  th e  s o l u t i o n  i n  ?S n i t r i c  a e i d  w h i le  Swanson * " p roposed

th e  a d d i t i o n  o f  the s y n t h e t i c  r a t e  a c c e l e r a t i n g  m a t e r i a l  which enhance 
the  r a t e  o f  o x id a t io n  o f  Np(V) to  Np(Vl) by n i t r a t e .  However, th e  fo rm es  

method does n o t  seem to  be f e a s i b l e  on t h e  p l a n t  s c a l e  w h i le  the  l a t t e s  

one p ro b a b ly  needs f u r t h e r  i n v e s t i g a t i o n s  b e fo re  i t  c o u ld  be ueed  on -the 

p l a n t  s c a l e .  The a d d i t i o n  o f  n i t r o u s  acid which h e lp s  t h e  o x id a t io n  o f  

Np(V) to  Np(VI) i s  commonly u s e d ^ 9^ ^  in  many f u e l  r e p r o c e s s i n g  .p lan t® e 

S e l e c t i v e  o x id a t io n  o f  Np( v )  to  N p (v i)  by v ( v )  was r e p o s t e d  :by.^wka® ^ 

and was s u c c e s s  f u l l y  ueed  f o r  the  c o e x t r a e t i c m  o f  r neptunium by :



(25)
and Koch „ even though @11 the  nep tun ium  in  th e  f e e d  s o l u t i o n  
uSQ p r e s e n t  es Np(V) ,  The uae o f  n i t r o u s  a e i d  and vanadium (U) to  

o p t im is e  th e  co esfe ree tio n  o f  neptunium  from th e  feed  s o l u t i o n  
c o n t a in in g  m ainly  Np(V) was i n v e s t i g a t e d  under the  conditions  
r e l e v a n t  to  th e  f i r o t  (HA) and second  CfA) c y c le s  o f  th e  pu rex  
p r o c e s s «

4*1 C o a x t r a e t lo n  o f  N eptunium u s in g  N i t r o u s  Acid

The c a l i b r a t i o n  cu rve  f o r  the  e s t i m a t io n  o f  n i t r o u e  a c id  

i a  shown in  F ig  3« The sp ec tru m  o f  n i t r o u s  a c id  in  TBP i a  shown in  

F ig  4 end th o  c a l i b r a t i o n  cu rve  used f o r  the  e s t im a t io n  o f  n i t r o u s  

a c i d  i n  TBP i s  shown in  Fig® 5 ,

The r e s u l t s  o f  a t y p i c a l  c o u n t e r e c u r r e n t  e x p e r im e n t  c a r r i e d

o u t  f o r  fehs c o e x t r a c t i o n  o f  neptunium  w i th  e s s e n t i a l l y  e l l  th e  nep tun ium

as Np(v) in  the  fe e d  e r e  g iven  in  T a b le s  1**4e and th e  c o r re s p o n d in g

neptunium  e x t r a c t i o n  p r o f i l e  i a  shown in  F5g 6= The o x i d a t io n  s t a t e  @f

nep tun ium  in  th e  fe e d  s o l u t i o n  was alw ays checked a t  t h e  b e g in n in g

ano eav, th e  end o f  th e  mix@r«=s@ttlsr r u n .  The p re sen ce  o f  N p(lti)  was
cheeked by i t s  e x t r a c t i o n  i n t o  0.5FI TTA from 1F1 n i t r i c  a c i d  w hile

p re s e n c e  o f  Np(VI) was eheekad  by hexone e x t r a c t i o n  from 1H n i t r i c
a e id  s a t u r a t e d  w ith  ammonium n i t r a t e ®  The o x id a t io n  s t a t e  o f  neptunium

as Np(v) was found to  rem a in  a lm os t unchanged and hence  i t s  c o e x t r a e t i e n
along w ith  uranium was only to tha oxidation of Np(V) to Np(UI) by
n i t r a t e  i n  th s  p r s c a n s a  o f  TCP enhanced by n i t r o u s  a c i d  e i t h e r  

( 2§)
e a t a l y t i c s l l y - # o r  due to  the  fo rm a t io n  o f  th e  r a t e  a c c e l e r a t i n g

* , M 2 )m a t e r i a l  «.

The r e s u l t s  o f  a l l  th e  experim ent®  c a r r i e d  o u t  u s in g  n i t r o u s  

a c i d  I n  'S ' s i m i l a r  way u n d e r 'v a r i o u s  c o n d i t i o n s  a r e  sum m arised in  Tab!® So

' I n - a - c o u p l e  o f  experiments n i t r o u s  a e id  i n  the ou tg o in g  o r g a n ic
* C i @)6 tree© was ■> analysed gpeetsophotemetrleally and t h e  resu lts are 

ifioiiijtded' i n -Table 5® I t  wee observed that mors than 50$ ©F nitroua od d
C2l.tiaa d@esmp$s@Sdo Groh end S e h le e  r e p o r t e d  t h a t  90$ o f  n i t r o u s  a c id



was decomposed in  s i m i l a r  m i x e r - s e t t l e r  ex p er im en ts#  The f r a c t i o n  o f  
th e  n i t r o u s  ac id  decomposed would depend on th e  n i t r i c  a c id  
c o n c e n t r a t i o n ,  uranium  s a t u r a t i o n ,  te m p e ra tu r e  and a l s o  on the  r e s id e n c e  

time in  the  m i x e r - s e t t l e r  e x p e r im e n t .  The p r e s e n t  r e s u l t s  canno t 
be compared w ith  th o se  g iven  by Groh end  S c h le a  f o r  t h a  la c k  o f  such  
d a t a .  However such decom position  o f  n i t r o u s  a e id  i a  d e s i r a b l e  ee 
th e  n i t r o u s  e c id  a d d i t i o n  does n o t  eauae  e x c e s s iv e  consum ption  of 
su lpham ate  ( o r  o f  h y d ra z in e  when U(IV) i e  u s e d )  i n  t h e  p a r t i t i o n i n g  

column where n i t r o u s  a c i d  must be d e s t r o y e d  to  e n a b le  p a r t i t i o n i n g  
of p lu ton ium  from uranium  q u a n t i t a t i v e l y .

( 2 ) _Groh end S c h le a  r e p o r t e d 1 '  t h a t  more th an  90% o f  neptunium
- 3was c o e x t r a c te d  when 10 PI n i t r o u s  e c i d  uaa uaed in  t h e  e n t e r in g

o r g a n ic  s tream  when th e  uranium c o n c e n t r a t i o n  in  th e  o u tg o in g  o r g a n ic

s tre a m  was about 70 -75  g / l#  In the  H anford  r e p r o c e s s in g  p l a n t  5 x 10 ft

HN0„ in  tha  s o lv e n t  was used  to  c o e x t r a c t  neptunium  w ith  o v e r a l l
(3 )r e c o v e r i e s  b e t t e r  th a n  80% . Tha r e s u l t s  o b ta in e d  in  the  p r e s e n t

work compare w ell  w ith  th e se  data# However, ea th e  e x p e r im e n ta l  d e t a i l s

such as a c i d i t y  and r e s id e n c e  time a re  n o t  r e p o r te d  f o r  the  d a ta  g iv e n
( 2 )by Groh and S ch lea  , an e x a c t  com parison  o f  th e  p r e s e n t  r e s u l t s  i s

not p o s s ib le *  Salomon a t  a l  r e p o r te d  t h a t  th e  re c o v e ry  o f  neptunium

was maximum (--7C%) when 10 "PI n i t r o u s / a c i d  i n  th e  s o l v e n t  was used  and th e
re c o v e ry  was reduced  to  abou t 40% by i n c r e a s i n g  th e  n i t r o u s  a c id  t o

10 ^M# T h e i r  r e s u l t s  d i f f e r  from th e  p r e s e n t  r e s u l t s  a s  w e l l  as from
( 2 )

th o s e  g iven  by Groh and Sehlee* However th e  d i f f e r e n c e  in  th e  
r e s u l t s  cou ld  be due t o  d i f f e r e n t  e x p e r im e n ta l  c o n d i t i o n s  used#

From th e  r e s u l t a  o b ta in e d  in  t h e  p r e s e n t  s t u d i e s  (T ab le  5) i t
can be conc luded  t h a t  more than  00% o f  nep tun ium  c o u ld  be c o B x tra c tp d

a long  w ith  uranium i f  ( a )  th e  uranium lo a d in g  o f  t h e  o r g a n i c p h a s e  ; ie

ab o u t 70 g / l  o r  l e s s ,  ( b )  th e  fe e d  and th a  s c ru b  n i t r i c  a c i d  c o n c e n t r a t i o n

a r e  ab o u t 3ffl o r  more and ( e )  th e  n i t r o u s  a c i d  c o n c e n t r a t i o n  in  th e  s o l v e n t  
—3 —2

i s  a b o u t  10 to  10 M® In  the  p lu to n iu m  p l a n t  a t  Trombay, fe e d  B c i d i t y



of 2*5 -  3 . on HNO and s c r u b  a c i d i t y  o f  3 -  3#5F) HMD and  uranium
(21 )lo a d in g  o f  about 70 g / l  a r e  uaed v There for©  tho above c o n d i t io n s  

aeem q u i t e  com patib le  w i th  the  p r o c e s s •

4c? C o e x t r a c t i o n  of  Neptunium u s l n o  UanadiumCv)

„ , (24) . .
Dukes r e p o r t e d  t h a t  Np(U) i n  i s  a lm o s t  q u a n t i t a t i v e l y

o x id iz e d  by V(V) w h ile  a very  sm a l l  f r a c t i o n  o f  P u (lU ) i s  o x id iz e d  to  

Pu(V l)  by U(V). E xperim en ts  were c a r r i e d  o u t  a t  room te m p e ra tu re  (*-'23°C) 
to  check  the  o x id a t io n  o f  P u(IV ) over a  p e r io d  o f  24 h r s , in  the  

p re s e n c e  and th e  absence  o f  uranium (100  m g/m l) .  I t  was o bserved  t h a t  

th e  o x i d a t io n  o f  P u(lV ) 1 c f i n  2 and 3M HN03 ) by U(V) 1 o” 2!6!)
was o n ly  ab o u t 5-7%.

The r e s u l t s  o f  th e  two c o u n t e r - c u r r e n t  ex p e r im e n ts  c a r r i e d  o u t  

by ad d in g  V(V) to  th e  aqueous fe e d  c o n t a i n i n g  Np(V) a r e  g iv e n  in  T ab les  

6 and 7 and th e  c o r re s p o n d in g  neptunium  e x t r a c t i o n  p r o f i l e s  a re  shown 

in  F ig s  7 and 8« From th e  d a t a  g iven  i n  T a b le  6 ,  i t  i s  s e e n  t h a t  t h e r e  . 

wee some r e f l u x  o f  nep tun ium  in  th e  s c r u b  r e g io n  and t h i s  was p robab ly  

due to  th e  r e d u c t io n  o f  e x t r a c t e d  Np(VI) t o  Np(V) in  t h i s  r eg io n  as 

th e  h o ld in g  o x id a n t  V(V) was n o t  p r e s e n t  i n  th e  s c ru b  s e c t i o n #  8 a h r (9 )  

has r e p o r t e d  t h a t  the  r e d u c t io n  o f  N p(V I) t o  Np(V) by l i g h t  i s  fav o u red  

by th e  p re s e n c e  o f  u ranium  ae w e ll  a s  o f  th e  o rg a n ic  phase#  Although 

if» a l l  t h e  e x t r a c t i o n  e x p e r im e n ts  w ith  Np(V) in  the  feed *  l i g h t s  were 
p u t  o f f s com ple te  p r o t e c t i o n  a g a i n s t  l i g h t  was n o t  poss ib le# ,  However9 

th e  m i x e r - s e t t l e r  u n i t  tuae p r o t e c t e d  a g a i n s t  l i g h t  by c o v e r in g  i t  

w i th  a b la c k  paper  i n  t h e  fo l lo w in g  m i x e r - a e t t l e r  ex p e r im e n ts  in  which 
nep tun ium  was p r e s e n t  as  Np(\f) in  th e  fe e d *

Two mere .ex p e r im en ts  were c a r r i e d  p u t  in  which V(V) in t ro d u c e d  

a t  th e  2nd and 4 th  s t a g e  ( from th e  f e e d  s t a g e )  m ixer i n  th e  e x t r a c t i o n  

9 a c t i o n e The r e s u l t s  o f  t h e s e  e x p e r im e n ts  a re  g iven  in  T ab les  8 and 9 
and . t h e  r e s p e c t i v e  nep tun ium  p r o f i l e s  a r e  shown in  th e  F i g s 9  and 10o 

The d k i d a t i b n  s t a t e  o f  nep tun ium  in  th e  f e e d  was checked  as d e s c r ib e d
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e a r l i e r  a t  th a  b e g in n in g  as m a il  as  a t  th e  end o f  th e  experim ent,,

The r e s u l t s  o f  th e se  ex p e r im e n ts  show t h a t  by u e ln g  V(V),

added e i t h e r  in  th e  feed  o r  in  th e  e x t r a c t i o n  s e c t i o n *  neptunium
c o e x t ra c ' t io n  a c h e lv e d  cou ld  be s o r e  than 9C^« A lthough  th e  co n d it io n ®

(2 5 )u sed  by Behr and Koch f o r  s i m i l a r  ex p er lm an te  a r e  n o t  known ,  th e  

p r e s e n t  r e s u l t s  a r e  in  good ag reem en t w ith  t h e i r  r e s u l t s .

I f  V(V) i s  to  be added t o  the  fe e d  i n  t h e  p lu ton ium  p la n t*
p r i o r  to  i t s  a d d i t i o n  i t  i s  n e c e s s a r y - t o  d e s t r o y  a l l  th e  n i t r o u s
a c i d  p r e s e n t  in  th e  f e e d .  N i t r o u s  a c i d ,  which i e  u s u a l l y  added to  th e

f e e d  a o l u t io n  t o  a d j u s t  th e  o x i d e t i o n  s t a t e  o f  p lu to n iu m  to  Ru(XV),
re d u c e s  U(V) i n s t a n t a n e o u s l y .  A ir  s p a r g in g  i e  n o rm a l ly  used  t o  mix

th e  fe e d  s o l u t i o n  a f t e r  adding- N-sNQg to  i t  and t h i s  cau ses  a lm o s t  e l l
t h e  n i t r o u s  a c i d  t o  decompose. A ir  s p a rg in g  s h o u ld  th e r e f o r e  p re c e d e

th e  a d d i t io n  o f  V(V), th u s  m in im is in g  i t s  r e d u c t i o n  by n i t r o u s  a c i d .

The o x id a t io n  o f  Np(v) to  N p(til)  by v ( v )  l e  known to  be q u i t e  r a p i d ^ * ^

N i t r o u s  a c id  p roduced  r a d l o l y t i c a l l y  s u b s e q u e n t ly  would reduce  th e

re m a in in g  V(V).  T h is  however, would n o t  a f f e c t  N p (V I)e Thus a d d i t i o n  
*»2 =»3

o f  10 -fl t o  10 FI V(V) to  the  f e e d  q f t e r  a i r  s p a r g in g  would enaur® 

th e  o x id a t io n  o f  Np(V) to  N p (V l) ,  w i th o u t  a f f e c t i n g  a i g n i f i o a n t l y  th e  

o x id a t io n  s t a t e  o f  P u ( lV ) ,  e n a b l in g  i t s  a l m o s t  q u a n t i t a t i v e  c o a x t r a e t i o n

I f  th e  a d d i t io n  o f  V(V) i n  th e  f e e d  i a  n o t  a c c e p ta b l e  t o  

t h e  p ro c e s s ,  i t  can be in t ro d u c e d  in  the  e x t r a c t i o n  s e c t i o n ,  a  c o u p le  

o f  s t a g e s  a f t e r  th e  feed  s t a g e .  T h is  a l t e r n a t e  method has th e  advantage®  

t h a t  p lu tonium  does n o t  come in  eonrtaet w ith  V‘( v )  as  most o f  th e  

p lu to n iu m  g e ts  e x t r a c t e d  in  the e a r l i e r  e x t r a c t i o n  s t a g e s  and  t h a t  

com ple te  d e s t r u c t i o n  of n i t r o u s  nciri in  th e  f e e d  i s  n o t  n e c e s s a r y  

as  any n i t r o u s  a c i d  p r e s e n t  in  th e  fe e d  g a te  e x t r a c t e d  i n t o  t h e  
o rg a n ic  s t re a m .
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In  e o n o lu e io n  i t  can l>e s a i d  t h a t  th e  uee o f  V(v) fo r  

th e  oxidation o f  Np(V) to  Np(VX) i s  a v e ry  p ro m is in g  method f o r  tho  

c o e x t r e c t i e n  o f  neptunium  a l th o u g h  moat o f  I t i s p r e a e n t  i n  th e  fead  

as  Np(V)» The reco v e ry  o f  nep tun ium  u p to  90y£ can be a c h ie v e d  by 
u s in g  v ( V)•
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11o? 67
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^EXTRACTION Of NEPTUNIUfl 87 USING NITROUS ACID 
( S ta g s  Saep3.es A n a ly s is )

I Np a c t i v i t y  in  C /50 s a c / a l  x 10 J C o n c e n tra tio n  o f
Stag® No* q I  .............  ■» I i>«HTW >» iww*..im*iiiMww.»^pi .>. rUiSi8QlitU8iiŵSuFiĈ fidi»ia 3ldLii*m.rn

I Aquaouo ' ; O rg an ic  |  ftqueoue < O rg a n ic

1 ( o r g .e n t r y ) 2 .7 0 2.31 * "

2 4 .3 4 4 ,6 3 * -

3 - 7 .2 2 6 .4 5 = -

4 - 13.1 10 .7 -

5 - 2 6 .9 1 7 .8 0 .3 1 3 .0

6 . 50 .1 2 2 .9 17 .4 4 7 .2

7 (F eed  e n try ) 7 0 .3 23 .S 164 .8 7 5 .8

6 - 5 8 .4 2 3 .2 7 .5 7 2 .0

9 - S 8 .8 1 8 .5 6 .3 7 2 .0

10 " 5 3 .1 1 3 .5 SoO 7 3 .2

11 - 3 3 .0 10 .1 5 .4 6 9 .6

12 (S c ru b  e n t ry ) 2 9 .5 1 0 .9 5 .0 6 9 .6



T abM -a

TESTING OF OXIDATION STATES OF NEPTUNIUM IN THE FEED

Tima

*™» TTA E a t .
) ^® N p a c t i v i t y  in f  D i s t r i b u t io n  
! C/SO a e o /m l I C o e f f i a i e n t

! ^  I 0 r 9 ! Kd

Hexone E x t l ^
230., ^Np a c t i v i t y  in  { D is t r ib u t io n

C/SO sac/ml C o e fP io is n t

B eg inn ing  o f  
th e  e x p t . 4*11 x 10 67 0*001

End o f th a  e x p t  2 .0 4  x 105 4*09x103 Or 021

Aq ; °pg  ;
Kd

9 .65x104 3 .1 7 x 1 03 0 .032

1 .2 1 x 1 0S 7 eQx103 0 .058

Co) 1 .0  ml Feed 4- 2*0 ml Meter * 3*0 ml O.SM TTA equilibreted.

( b )  1 .0  @1 Feed + 4 . 0  ml HNO s a t u r a t e d  by NH N0_ + 5 .0  s i  
haxone e q u i l i b r a t e d .

T ab le  4

CALCULATION OF % EXTRACTION OF NEPTUNIUM

238,
■ ̂ ,»~' ~y]YirrT7ViTT r̂iTT  ̂ i~irf r i r  ̂ T̂TTT" ̂ * r ,v̂—BVtrr —rrTT-—1 rgrr— —n

9
p a c tiv ity  (C/50 sso) in various etrearns | 

in volume per minute st 10 «„  ^  e % e x t r a c t -

* * » * .  i w s a b s ) !



TableS

COEXTRACTION OF NEPTUNIUM BY BSING NITROUS ACID 
(Summary o f  th e  r e s u l t s )

EspteN ot N i t r i c  a c id  co n e ,19
’w wn— i<ror  

F ea d  ! S crub

N itro u s  a c id  cono.R x

TBP=in

— 3” T
1 o :

TBP-cut

T- 

.4.I
• o u tg o in g  T8P
i

C o n c e n tra tio n  o f  
u ranium  in  th e % a x t r e c t l o n  

o f  nep tun ium

1 3 3 N i l - 70 I f

2 3 3 9 . a - 68=70 100

3 2 3 8 ,0 - 60 -7 0 70

4 2aB- 3 9 ,0 - 70 86

5 3 3 „ 9 .6 - 80-05 29 ( e )

s 3 3 9 .1 . 6 5-7 0 @7

7 3 3 9 .3 4 .4 65—72 88

s 2 .9 3 4 .7 1 .7 62-67 07

9 3 .2 3 1 .5 0 .3 64-67 BO

Nct©8 E x p erim en ts  1 and 6 -9  u e re  dons u s in g a c t i v i t y e id
TBP b 1 th o u t  p r s q u l i i b r a t i o n  •

( a )  S e p tu n iu s  w m  found  to  res lu x  in  th e  s c ru b  s e c t i o n  due 
t o  h ig h  u rsn iu B  s a t u r a t i o n .



EXTRACTION OF NEPTUNIUM BY USING UANAOIUPt(V) 
, (O u tgo ing  s tre a m s  a n a ly s i s )

Feeds (NN03 ) a

( U ) e

Z"v ( v ) J  
, 23a .  %( Np) m

Fie® rat0@(mV®i^)8 F@@d »
Scrub eb 
S olven t®

sn

280 esg/eal

9„4 x 10“ 3fl

8o3 K 10^ C/50 QQc/fal 
1 t,2S 
0 @6 

5*4

230---------------------------------------------------------- T"Np a c t i v i t y  in  e u tg e in g  a tre a m a  8 C o n c e n tra t io n  o f
C /50 @®e/ml s  10*2 J Uranium in  th a  oufc=»

e going  o rg a n ic  s t r e e t
! (m g/m l)O rg an icAqueous

14 1eTS 3e5S “

18 5048 35,8 -

16 1*32 149 =

IT' 2,90 159 -

18 3o2B 2S1

19 4*SS 225 71

20 _ 221 72

20»30 . . 201 65

21 174 • =»

21o30 e, 171 65

$  s f  neptunium e®esiracted in to  TBP (calculated  
- from the la s t  fe®o analysis) ® SO*
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EXTRACTION OF NEPTUNgUFt 8V USING VANADlUWC^) 
(O u tgo ing  s tre a m s  a n a ly s i s )

Feeds

Scrub  s

Flow rate®  ( m l /" in ) *

Time
h r a .

14

15

16

17

18 

'19

(HN03)

(0 )

O M J

<23V >

(HN0s ?'

Feed

Scrub

S o lv e n t

3 n

32S eg /® ! 

9 ,4  a  10*4

Np a c t i v i t y  in  th e  o u tg o in g  stream ®  
C/50 sbc/ b I  s  10 3

Aqueous 5 O rg an ic

8 .4 8  a  10 e/SC a e q / a l

\ Consent®fition of 
| Uranium in the 

•I o u tg o in g  e g g a n io  
|  e tees a® (rag/ial')

2 ,5 2

1 .7 4

1 .7 4  

2 .0 5

2 .7 6

4 .2 S

12.3  

1 6 ,0

15 .3

1 5 .0

1 6 .0

1 5 .3

72

78

73

Notes % o f  neptunium eo sa teae to d  in to  TBP w SO



l a M g u i

EXTRACTION OF NEPTUNIUM BY USING VAN ADIUF)(V )

F©@d

Bos-ubs

UsmediUBCti)

(KNOj)

C u J
< * % )

<hnd3)

r v t u v

Chno3)

Flow sat@aC@l/™i )̂'ii Feed a

Bar life ea

S eluem t s  
u(y) s

2 n
344 ag /m l

5
2«12 h 10 c /5 0  see /sa l

3 n

s e4 k i c f 2^

3 M

1 ,2
1 . 1

6,9
0 .5

Ufa® I 
hs‘0 e 8

p ©otiyifey in outgoing @ teem s * 
C/SO- eee/al.. a 10 2 |

Aqueous | Oegsinie ®

Gonoenteatien of 
ueanium in tha eut» 
going oegenie sfceom 

im g /m l)

u 0 9@ 365 -

15 N i l 427

16 > 3 350 -

17 , 9e@ ,383 68

18 ; ■ m 69

19 0eS 369 71

N otpS $> o f  n ep tun ium  c o e a is a c te t i  i n t o  TBP »  89
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EXTRACTION OF NEPTUNIUM BV USING VANAOIUM(V)

Feeds ( hno3 )

CU)

<23% >

( hno3 )

( v ( v ) )  

<hno3 )

F lou  r a t e s  (m l/W n )s  Feed
S crub

S o lv e n t
V<U)

Scrubs

Vanadlum(V ) t

2 M

@ 344 cag/sl

■ 2 .0 8  x IQ8 C /50  eec/w .l

a 3 H
1 .0 8  x 13-2 W 

« 3 M

SB 1 .2

C3 1 .1

»  6 .2
a  0 .5

14

15

16 

1? 

18 

19

Ip a c t i v i t y  in  o u tg o in g  s tream s 
C /50 o e o /a l  * 10” 3Time 2

O rg e n isAqueous

$ C o n c e n tra tio n  o f  u ran ium
$ln the outgoing ergsnie 
' s t r e s s  ( s g / s l )

1 .8 9

0 .8 9

1 ,0 5

1.21

1 ,4 9

1 .3 6

4 1 .1  

3 ? ,3  

38,0::

3 9 .2  

4 0 .7  

* 0 .1

74.

71

71

Notes % of 'naptuniuB e'o@Kteaet@d into TBP » ®l



Fig, I (a) - A view of the row of Mixers

Pig, I (b) -  A view of the row of settlers



Fig, 2 -  A view of the glove box housing the mixer -  settler unit 
and other accessories
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SPECTRUM OF T 9P  HNO^dLANK TB P 3 0 %  IN SST.)
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EXTRACTION PROFILE OF NEPTUNIUM AND 
URANIUM IN THE PRESENCE OF NITROUS ACID-

(FOR EXPERIMENTAL CONDITIONS REF. TABLE.U
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EXTRACTION PROFILE OF NEPTUNIUM U S I N G  

sa io"3 m vanadium (V j in the feed.
(FOR EXPERIMENTAL CONDITIONS REF. TABLE 7.)
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e x t r a c t io n  f r o f i l e  o p ^ e p T u m u M  w h e n

VANADIUM fV ) WAS ADDED TO  THE 4  TO STA9E 
BEFORE THE FEED STA0E.

(F0R EXPERIMENTAL CONDITIONS REF. TABLES.)
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EXTRACTION PROFILE OF NEPTUNIUM WHEN 

VANADIUM tV) WAS ADDED TO THE 2ND STAGE 
BEFORE THE FEED STAGE.

( FOR EXPERIMENTAL CONDITIONS REF. TABLE 9 J
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