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AB9TRACT

Ctsunter <»current © xtreetign experim ents yes® c a r r ie d  
out under the cond it ions  re le v a n t to  the  p a r t i t io n in g  column 
(IBX) in  the  puran process  to  know the path  of neptunium p resen t  
aa Mp (V I) the o rgan ic  phase during the  p a r t i t i o n in g  s tape  The 
r e s u l t s  obtained show t h a t  when Ferrous Sulpham@t@ i s  used as 
the reducing  agente most o f  the neptunium continues to  remain with 
uranium in  the o rgan ic  stream  while with  hydrazine s t a b i l i z e d  
u rin o u s n i t r a t e  m  the  reducing ag en t» e major f r a c t io n  of 
neptunium  follows the aqueous stream * M ix e r -a e tt le r  experiments 
were a lso  c a r r ie d  out under the cond it ions  re le v a n t  to  the uranium 
p u r i f i c a t i o n  cycle (20) to  e s ta b l is h  the ' cond itions  fo r  fo rc ing  
neptunium to  the aqueous reffinsfea or fo r  p a r t i t i o n in g  i t  from 
uranium i f  both neptunium and uranium sea co ex trac ted  In th is  
cycle  w i d t h s  r e s u l t s  obtained are re p o r te d  here*
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PART -  n

1 . INTRODUCTION

Neptunium-237 la  farmed in nuc lear  r e a c to rs  f u e l le d  with
n a tu ra l  or en riched  uranlum« This can be recovered  as b v a luab le
byproduct during  the rap rocese ing  of I r r a d ia te d  f u e l s .  Neptunlum-237
has assumed g re a t  Importance re c e n t ly  as i t  i s  the s t a r t i n g  m a te r ie l

0 3  g
f a r  the p roduc tion  of *" Pu which ie  one of the  moSt s u i t a b le  iaotopes
used ea h ea t  aource In the r e d io - i s o to p ie  power sources . S evera l 

) 237kilograms df Np @rg r o u t in e ly  recovered a t  p re sen t  in the American 
rep rocess ing  p la n t s .

In the  purex process,, neptunium w i l l  accompany f i s s io n
p ro d u c ts , uranium or plutonium or be d i s t r i b u t e d  between th ese  three
depending en the  cond itions  s e le c te d  or-imposed. I t  was, however,
f e l t  th a t  i t  would be moat convenient to  raeover  neptunium from the
raff" in ate in the  uranium p u r i f i c a t io n  cycle (2D cycle) as the f i s s io n
product a c t i v i t y  in  th is  s tream  would be r e l a t i v e l y  low. I t  was,

23?th e re fo re ,  necessary  to  e s t a b l i s h  the cond it ions  eo th a t  Np ie
.coext-reoted along with uranium and p lu toniun  in  HA and IA cyc les  of
the  pureik process*  The experim en ta l d a ta  ob ta ined  to  enable th e
uoex trae iio n  of neptunium in  HA and IA cycles  ere  described  in  the 

( 1)e a r l i e r  repurtV  e 'in fcha p r e s e n t  rep ee t the d a ta  are  p resen ted , on 
the p a r t i t i o n i n g  conditions  o f  neptunium under the cond itions  eelevanfe 

, to  1I3X column eontiitioneo The experim ental wmrk c a r r ie d  out to  e s ta b l i s h  
the  conditions, fo r  fo rc in g  neptunium to  the  r s f f l n a t e  in the  urmium
p u r i f i c a t io n  o.ycl@.;.(2D cyc le )  o r ‘..Pop pSfftitietning i t  from uranium i f

237■ ‘ •buth  Np and uranium are ooex trec tod  In t h ia  cycle and the r e s u l t s
ob ta ined  a te  a l s o  sepbrted-e



2 .  MIXER-SETTLER UNIT

A 12-8tag s  s ta in le s s  s te a l  por/ipoa minimixer s e t t l e s
u n i t  of Eurochamic t y p a ^  f a b r ic a te d  In Troebey was used in  the

(<a\
p r e s e n t  s tu d ie s .  The u n it  la  d escrib ed  in  th e  e a r l i e r  r e p o r t ' #

3 .  EXPERIMENTAL
233Neptunium-237 was p u r if ie d  from i t s  daughter P»

e x tra c tio n  of tho l e t t e r  from ?W n i tv io  ac id  iniol)»SW  TTA in
237xy lene. The p u r if ie d  Np wae sp iked  w ith rad ieehom ieaily  pure 

239 238Np or Np to  enable the  e s tim a tio n  of neptunium by gamma
coun ting , Naptunium-239 fo r th i s  purpose use p e r io d ic a lly  p rep ared
from neutron i r r a d ia ta d  n a tu r a l  uri/inium. Neptunium-238 ueed in  a

237few experim ents was prepared by neutron i r r a d ia t io n  of Np and
( 3 )

sep a ra ted  from th e  f is s io n  p roducts by TTA e x tr a c t io n  * The
238 239rad ioehsm ical p u r ity  of both N|,i and Np was checked by th e i r  

h a l f - l i f e  de te rm in a tio n  as w e ll isa the  gammitwyay s p e c tra .  The 
m ixture of Z39Rp o r ^ ^ p  and 237 <p Was then reduced  to  NpflV) by 
fe rro u s  eulpham ate (s=*0s01M> and was than added to  uranium a b lu tio n  
w ith  known uranium and n i t r i c  eci d co n cen tra tio n  to  p repare th e  
fe e d , fo r the e x tra c tio n  experim t>hts, The feed  fo r  the e x tra c tio n  
experim ents fo r  Np(VS) was p repared  in  0  s im i la r  way using 0,01R 

K2Cr2°? 88 fche ho ld ing  oxidant*

fo r  th e  p a r t i t io n in g  Psi^pimenWit -N p(yt) was p repared  by 
o x id iz in g  a m ix tu re  of 2^8Np; and Z33Pi\-freo  237Np i n  d i lu te  n i t r i c  
a c id  by KflnO^, The Np(Vl) was ih m  e x t te e te c l ln to  30j£ TBP in  S h e ll 
Sol«T and the  TBP so lu tio n  co h ta ;h in g N p (V i) w asaddad  to  30$ TBP 
w ith  a known eo n een tra tid h  o f u rm iu m to  prepare.- the feed  fo r  the  
p a r t i t io n ln g  experim ent, The fe e t ' s o lu tio n  f o r  th e  p a r t i t io n in g  o f  
N p(iv ) from U(UI) was p repared  in  a s im lla riw ey ®  t a r  tin g  feces NP(IV) 
o b ta in ed  by reducing  w ith fe r ro u s  ftwlphamnie '



Ur any! n i t r a t e  so lu t io n s  used yete prepared  by dieeoluir.g 
U^Dg o r  UOg in  n i t r i c  acid® Uranium ua® estim ated  ©peefcrophatossatricelly 
us ing  the th iocynata  m e t h o d ^ ,  The concen tra tion  e f  n i t r i c  aeld  in 
the uranium so lu t io n  uea determined by t i t r a t i o n  a g a in s t  s tandard  
sodium hydroside s o lu t io n  a f t e r  oompiexing uranium by a x a l a t a ^ ^ i

Urenium($V) s o lu t io n  esaa prepared  by the e l e c t r o l y t i c  
re d u c tio n  of u rsn y l n i t r a t e  s o lu t io n  in  n i t r i c  ae id  con ta in ing  
hydrazine  as a s t a b i l i z e s  using mercury eathods^ « The es tim ation  
of U(IV) tosa c a r r ie d  o u t by reducing F e ( lIS )  to  F e ( I l )  by UC'IV) and 
the  r e s u l t i n g  F@(II) was es tim ated  eo O-phen e n th ra l  in s  complex e 
Ferrous eulphemate ties eatimsted^®^ vo ium etrioe lly  by t i t r a t i o n  
a g a in s t  s tan d a rd  e e r i e  aulphat® s o lu t io n  and sometimes by 
spectrophotom etry  as Q -phenanthro lina  complex4 » Hydrazine usa 
ee tim e ted  e o l o r i m e t r i s s l l y ^ ) *

30$ T8P In  S b e lleo l-T  bias used in  a l l  fcha experiment© 
a f t e r  pr@«@quilibsating i t  with ®  n i t r i c  aside The I n i t i a l  neptunium 
cbndeii'fcriation" in  the  fe e d  mss u su a lly  about faS/jug/talo Other experim ental 
detail®  tier© same es d e se r ib sd  in  th e  © e r l ie r  r e p o r t ^

'■4.--RESULTS WO DISCUSSION

Uhen fe rro u s  eulphamat© i® used m  e reducing  agent fo r  the 
p a r t i t i o n i n g  of plutenitim from urani'u0» i t  ia  know t h a t  the eo e x tra e tsd  
nep.tunltnBs»2j f  £™as MptuS )Vj? could' ts@ meda to  fellow e i t h e r  plutonium 
in  the  eqaeaoe jeteeafli; op'|isi@ii«iil irt/iha'organic'stream by careful
etiplcs. -of n i t r i c -  a d d  eohfbsnteatisn^ «> In  the TerSpur P lan ts  U(IU) 
ie - 'p rep o sed  a@ .0 r e d u c in g l;;ogan6 fo r  plutonium  in  th e  p lace  e f  fe rro u s  
aui-phamatse.Tha rsduo&idsv o f N p(yi) tb  Np(U| by U"C$V) ie  fa s t-w h ile  
f u r th e r  reduetiore e f  to  FiP(SU) i e  e The use of U(IU)

-ea  -S- reducing.•■■agen-t -eim u#i?y m uchih 'f Itaehbe the pa th  e f  neptunium 
' du ring  p a r t i t io n in g e  ft.' feti'-experiiaehte 'u e r l  c a r r ie d  o u t te  study the

,  SQWiBe -



For the s tu d ie s  re le v a n t to  the  uranium p u r if ic a t io n  eyel® 
(2 0 -cy c le )  i t  wus b e liev e d  th e t  the  a d d itio n  of a x id is ih g  or reducing  
agen t to  the feed to  enab le  the recovery of neptunium was com patible 
t i l th  th e  process «• the  plutonium  main product wa» n o t involved in  
th i s  cycle* M oreover, fo r  the decontam ination e f  ursnium  product in  
th i s  cyc le  from r e s id u a l  plutonium contam ination , a d d itio n  e f excess 
o f  fe rro u s  eulphamata to  reduce plutonium  to  nen» exfcrsctabie fcrivalenb 
s t a t e  i e  u su a lly  followed* This causes the red u c tio n  of neptunium to  
N p(iy) and hanee more emphasis was p laced  on the  e x tra c tio n  behaviour 
of Np(lU) ra th e r  then Np(VI) in  the  p re se n t s tu d ie s*

4.1 P a th ^ f J ja p tm lu m J te d ^ P a ^ i U ^

The ra e u ltb  of the experim ents c a r r ie d  o u t to  know the 
behaviour of neptunium , p re sen t in  th e  o rgan ic  feed  s o lu tio n  ae Np(Vl) 
under the p a r t i t io n in g  column c o n d itio n s  w ith UfiV) as the reducing  
agen t e re  given in  '  es 1 and 2 and the ep.prefponding neptunium end 
uranium p ro f i le s  a re  shown in  F iga 1 and 2* Th@ eon can t r e t  ion of 
and th e  flow r a t io  used in  thosa axpsrim ent* s ra  comparable to  those 
proposed to  be used in  the  Tarspur P tw t*  I t  i s  seen from th e s e 'd a ta  
th a t  50-65$ of neptunium follow s th e  equetoue -stream  and th is  4® 
expected  ae the  red u c tio n  e f  fipCv) to  Kp(lV) by U (iy ) i s  a law* Tha 
red u c tio n  of Np(V) to  Mp(lV) by ) i s  known to  be favoured by 
exposure to  lig h t*  In  the p re se n t experim ents a lthough  s u f f i c i e n t  
p raaeu tio n e  were taken  to  l im i t  th e  exposure to  lig h t.,  complete 

.p ro te c tio n  a g a in s t  i t  wee n o t p o ssib le*  The f r a c t io n  of neptunium 
fo llo w in g  tha  aqueous stream  in  th e  p a r t i t io n in g  column would depend 
on se v e ra l f a c to rs  atiich ee n i t r i c  a e ld s n d  iKlV) concentration® , 
uranium s a tu ra t io n  o f the  o rg an ic  phase* tem peretura end raa id en es  
tim e* Koch c a r r ie d  o u t tha mixer e e t t l e r  experim ents to  study th e

■IV iflA l I
p a th  o f neptunium during  p a r t i i i e n ln g  and obsessed* • '  th e t  7 to  7 #  
neptunium  accompanied the aqueous s tra ssi co n ta in in g  plutonium*



® g £0

Ttrya sow ntsz^eurran t runs w e e  a lso  c a r r ie d  tie in 9 fe rrous  
eulphamest® as tha reducing  agent in  a s im i la r  my*  The it m u  l i t  of 
th e se  sxpsrim snie  aca given in  Table© 3 and 4 the eorraspanding 
napUtniun and’uranium p z o f  l l m  &m  ohowt in  Figs 3 @nti 4 e The 
raduction o f Np(V$) i s  Np(lV) by f o ( t l )  ie  quit® ra p id  and most 0 ? 
fth* Mp(lV) thus for®  d 1® seen to  continue to  fo llow  uramusi in the 
organSo a irees#  These r e e u l t s  are in  good agreement with those 
fep o rto ti  by Leuia'10*.

I t  een be eensludsd  from then 8 result© th a t  i f  U(IV) la  
ueed as a reducing ag e n t  in  the p a r t i t i o n in g  column,, neptunium 
w i l l  he d i s t r ib u te d  in  both ureniub end plutonium stream s assuming 
neptunium So be p re se n t  ©0 Np(VI) in th e  en te r in g  orfoenic stream 
c o n ta in in g  Pu{JV) and U (tfl)» Under s im i la r  eonditione i f  F o ( n )  ie  
used ae th e  reducing ag en t ,  $oat of th e  neptunium can be made to 
fo llow  th e  ©egenie ©teeam con ta in ing  uraniuae

402 cycle  ( 20-c.y.ole.).

Sine® i t  was f e l t  th a t  i t  would be most convenient to 
recover  neptunium from in® rs f f in a i®  of th e  uranium p u r i f ic a t io n  
c y o ie t i t  was necessary  to  ®atabliah the  cond itions  req u ired  to  fore© 
neptunium i s  the  r a f f in s t®  in  t h i s  e y e ls  o r fee p a r t i t i o n  i t  from 
u ra n iu ® .if  both  neptunium and urenlw© are  e a e x tra e te d .  Although in.-pv'1
S h e .Hanford P la n t  neptunium I s  fo rced  in to  th e  r a f f i n a t e  in  t h i s  
eyole* no d e t a i l s  r e g a rd in g  feed a c i d i t y e uranium s a tu r a t io n  e t c ,

./are .,ev@i.lsSsls®

111 but- fctia Scm ittm N iai^ .dn t'experim ent were s e r r ie d  out 
M Sh S p lit? ’)  W l f  f'efr1 fcSer B em o w  e ip ie in d ti  ‘ ea r  i t e r  • Meptunlum-239

^In-'thdsd''SJsperifeenSs'and the  gamma a c t i v i t y  o f various 
'"8 #i^iS§T S a r  'ridt e d tra c tS d  f a r  "the gesae  a c t iv i ty  due to uranium end■ ' ' , g«̂ g
i t a  'deeay-'prbdudts''--which «ae u su a lly  l e s s  than iE9» e f  USp a c t i v i t y e

- ' ';/ fh s : ra@uit@ o f th e  m l f  ©xpasiEant ©serried o u t on the 
oxtssj'tttiun e f  tfp(WX) au 5jansr.ie.acl t e  Table S and the  corresponding



neptunium and uranium e x tra c tio n  p r o f i le s  ore ehewn in  F ig 0S. I t  
i s  ev id en t from th ese  d a ta  th a t Np(V$) i s  q u a n t i ta t iv e ly  e x tra c te d  
in  th re e  s tag es  from 2M n i t r i c  a c id  s o lu tio n  a t  uranium co n cen tra tio n  
of 85-90 g / l  in  the  o rg an ic  pbsee»

I t  i s  known th a t  the e x tra c tio n  a? tipC’iV) i@ decreased 
by using  low n i t r i c  ac id  co n cen tra tio n  and by keeping high uranium 
co n cen tra tio n  in  tha o rgan ic  phase• A m ixes-eefctler experim ent was 
c a r r ie d  ou t ti l th  in  n i t r i c  acid  both irt the feed and the scrub 
keeping the uranium co n cen tra tio n  in  the  o rgan ic  phase o f ©heist 
80 g /1 , Under those c o n d itio n s , Np($y) was expected to  follow  the 
aqueous r a f f in a ts *  However, Np(lV) found id  r e f lu x  in  the u n i t  
fo llow ing  n e ith e r  the  aqueous r a f f in a ts - n o r  th e  uranium loaded 
o rgan ic  stream* The run was continued  fo r  26 house* However th is  
d id  n o t help  in  moving N p(iv) to th e  eqUeoua r a f f in a te  or the 
o rgan ic  stream  aa i s  aesn Prom th s d a ta  given in  ta b le  6. The 
corresponding  neptunium e x tra o tio n  p r o f i l e  shown In  F ig  6 c le a r ly  
shows th a t  neptunium i s  g e tt in g  rs f itix e d  in  the u n it*

T© avoid th e  re flu x ih g  of Hp|xy$ the e x tra c tio n  experim ent 
was rep ea ted  ®t a h ig h er co n cen tra tio n  e f  n i t r i c  a c id  In the P@@d 
and th® scrub and by dsoseaaing  the  uraniUfS lead in g  p f the  © rgrnie 
phase* Ths data o b ta in ed  a re  given In t a b le  i  end th© eesreepending 
neptunium w d  uranium e x tra c tio n  p re H le e  f fe  shown in  Fig 7» ! t  ie  
seen from these  d a ta  th a t  under th aee  c o n d itio n s , Np(Sy) ie  
quart t i t a t i  vely a x tr s e te d  in to ' TBb along w ith uraniums In 'th e . f S i p u r  
P la n t  two scrubs are  propoaed In th e  2D e x tra c tio n  column* A G aunter^ 
c u r re n t  t '■ tt-u tio n . experim ent was c a r r ie d  put using  two sc ru b s , «■ wad 
re le v a n t  to  2D e x tra c t io n  column, and th e  d a ta  o b ta in ed  a te  given 
in  Tabla B and the  corresponding  p rq P iio a  o f nopfcuniup9 uranium and 
n i t r i c  a c id  are  shown in  F ig ,# , I t  |@ aeen feeh-.'thege d a te  |h a t  UpilW'} 
l a  e x tra c ta d  q u m t i tB t lv e l /  untier thee® , condition©--.also*

Assuming th a t  Mp(lV) and U.(vi) are  boox tra tited , experiment© 
were c a r r ie d  op t to  e s ta b l i s h  the cpnd itiona ta; p a r t i t i o n  Np(lW)



fvom  U (V |)e 7hia ' tm  a ttem pted by 0 crabbing  the ursniu® leaded organic 
phae© co n ta in in g  NpflV) w ith  0.S8 end 1 .®  n i t r i c  ac id  keeping 1*1 
flow r a t i o  and ualng 12 e ta g a e e S t ye@ ©bserved th a t  a lthough fjp(XV) 
follow ed the  h^ueoue 3trsasa quan ti ta t ive ly ,*  U(VI) t e a s e s  to  ths 
©queoue r e f f i n a t #  yera too high C^5Cg6 w ith  0.5H end 35^ u l th
1P1 HNÔ  sc ru b )  to  be to le r a te d .  The experim en ts1 tier© re p e a te d  ualng 
0 ©mailer number of s ta g e s  fo r  p a r t i t i o n in g  and by changing the flow 
r a t i o .  The r e s u l t s  of an experiment t i lth  1i‘1 HNÔ  sa tha sc rub  ere 
given in  t a b l e  9 and ths  corresponding neptunium and uranium p r o f i l e s  
in  Fig 9 .  I t  ia  eesn from th ese  date  t h a t  Hp(SV) fallow s the aqueous 
stream alm ost q u a n t i t a t iv e ly  (cst 90$) and U(VI) accompanying Np(lV) 
to  tha aqueous stream ie  only  about ?«=S$a In b s im ila r  axperlm ant 

t i l th  0eS?1 n i t r i c  ac id  sc ru b , uranium le s s e e  to  the aquaoua stream 
were found to  b© about 10=1 %% although the Np(IV) p a r t i t i o n in g  uae 
s l i g h t l y  mere q u a n t i t a t i v e .

The r e s u l t s  of th@ mixer^aefctler runs to fo rce  Np(lV) to 
the aquaoua ra f f in e i©  under ID cycle co n d i t io n s  are  givan In Tables 
10 end 11 end th s  corresponding e x t ra c t io n  p r o f i l e s  a ra  shown in 
Figs 10 e n d '11. I t  ie  ©sen from these d a te  t h a t  by using  0.3$ HNOg 
in  ih 'e 'fe ad  end 1=211 HHOg in  the  eekub end keeping the o rgan ic  phase 
uranium load ing  about 88 g / l e -meet of . th s  neptunium p re se n t  as Np(lV) 
©ah be fo rced  r i t h  th s  aqueous r a f f i n s t e .  I t  should however be noted 
t h a t  tihen 2fi HSiÔ  .£9 used the eorub the  number e f  s ta g e s  requ ired  

--?s£ q .eo iti 'ta iiv© 'es trse& ion  o f urenlu® sen be l im ited  to  4 whereas 
with W a® scrub  about © s tag e s  a re  re q u ired  fo r  q u a n t i t a t iv e
estr@et.ien o f  uranium®

• * f *'»̂0 pfcisiu®"OhBttt'Btil flowsheet conditions • for 2D eyele  either  
to  "fora® t@ toB :®queeu0  rW iina t©  qs? p a r t i t io n  i t  from
l f |H )  -if! ©nd bC^I) ©r© eeesteaefced een b© dhoasn from
,tKbe@..v'dat$ab "



4 .3  Study of tha C o -a te b lli tv  o f W otlM  and Pu(l_V)

f t  i s  known th a t when U(XV) ia used ae th e  reducing agen t 
in  the p a r t i t io n in g  column, a m ajor f ra c t io n  o f  neptunium accompanies 

iutonium to  tha  aquaoua stream  assuming neptunium to  be p re e e n t ea 
Np(UI) in  the uranium loaded organic stream en terin g  the p a rtitio n in g  
column. This n e c e s s i ta te s  the recovery  of neptunium  from th e  plutonium  
p u r if ic a t io n  c y c le  (2A-cyole) by fo rc in g  i t  to  th a  aqueous r c ffin a ts*  
However i f  neptunium ia  p reeen t in  the loaded o rg an ic  etraem  e n te r in g  
th e  p a r t i t io n in g  column as N p(lV ), i t  can be made to  fo llow  uranium 
in  the organic stream by a c a re fu l  choice o f  n i t r i c  acid  concentration  
i r r e s p e c t iv e  o f the reducing agent used for p a r tit io n in g .

Champion and Chsene esta b lish ed  * 'th e  co n d itio n s  fo r
s ta b i l is in g  Mp(lU) and Pu(IV) together by co n tr o llin g  the Fe++/ f e +++
r a t i o  in  the s o lu t io n .  A few p re lim in ary  experim ents were carried  out
to  study the s t a b i l i t y  of Np(lV) and Pu(lV ). The d a ta  o b ta ined  showed
that only a em ail fraction  of Np(IV) was ox id ized  by Pu(XV). I t  was 

( 1?)
recen tly  re p o rte d  that under the conditions relevant to th e  Pured 
Process at room temperature (c£280C) more than 8(86 Np(lV) remains
unoxidized in  th e  presence of Pu(lV) up to  8 hours* Thus the feed  to 
IA cycle  can be conditioned to have both Np(XV) and Pu(lV) and auboe® 
quen tly  the  ex tracted  Np(lti) can Jba made te  fo llo w  uranium in  th e  
o rg an ic  stream  during  p a r t i t io n in g  even though ti(XV) ie  Used as th e  
reducing  agent*

. . . . . . .  ■

5* CONCLUSIONS AND PROPOSED CHERXCAL FLOWSHEET CONDITIONS

i t  i e  considered th at moat o f thB re lavan t eepacts o f the  
process chemistry o f  neptunium e re  in v estig a ted  in  the present s tu d ie s • 
f S O S ':thevdata:re p o rte d :;h e re :,andf4h  the ®arl i a r  r e p o r t ^  i t  can be sa id  
t h a t  by co n tro llin g  the condition® i t  i e  p o s s ib le  to  recover neptunium 
by i t s  e o e s tra o tic n  in  th© f i r s t  (HA) and second ClA) cy c les  end 
fo rc in g  i t  to  th e  r a f f in a t s  <2DES) in  the uranium p u r if ic a t io n  oyetoe



The aeheedfcle flow sheet of th e  puses pseeee© to  bs usisad 
@6 Tasapus P i s n t  1@ shown in  Fig 12 end the  condition©g foe op ticus  
eeoeveey of ng$tMnluniD psopoeed a m  giuan beietu.

s . i  M j u o u t e A H u

C») The fo llo w in g  conditions may be used when n iteo u s  ac id  
ie  u se*  to  enhance the  o x id a tio n  of Np(V) to  Pip£vi) to  snebl© the 
eoes&seoMon of neptunium* .

<HS03>F ..d > 2eS fl

3 R

<U>0,9 esf M  g/1

<H* ° 2 il0„ s=. I l f 3 • % xT \

Vspadium (V) i@ used to  ox id ise  
sly cdaistsaBfcede

‘ " V r e * e d 2 fl

(HNOg)gMub e*-f 3 ft

(V(V) SS i r 3 ~ « r t i

: : ?* ?© -g/l

■tt-la .p se feseb la  ta.&hbsoduea uanpditses' |V) t e  the  © steee tisn  
ddiym>'b@l6@ th© 'feed^etaga sa th es  :thsn--edding i t  i s  th© feed solution®

,Sh©  ̂ th9,;fe@d; ia.-cpriditiW ed. to  adjust n ^ t m i in  to
ipCV)'^ah&pST^l©-'#dF^ts®sted6 : ^

y » e « * .  ■ - *  B

ig &  ..??.,§A
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The feed may be cond itioned1 by adding fe rro u s  eulphem ate 
o r p re fe rab ly  by adding U(XV) and a f t e r  a llow ing  h r* . fo r  th a  
red u c tio n  of neptunium to  Np(IV), th e  Pu(lXX) formed may be o x id ized  
to  Pu(XU) by adding NsNOg to  p rep are  the o o n d itlo n ed  feed fo r  th e  
e x tra c tio n  columns.

5 .2  1BX Column

Vhen fe rro u s  sulpham ate ia  used a® th e  reducing  ag en t, 
i f  tha  co n cen tra tio n  of HNDg in  th e  outgoing aquaoua etraam co n ta in in g  
P u ( I l I )  ie  about 2N o r more, most o f  the neptunium  w il l
remain with uraniusi in  the o rgan ic  eireem .

Uhan u ( iv )  la  uaed ee th e  reducing ag en t and the c o n d itio n s  
fo r  1A column are  as described  e i t h e r  in  5 .1 (a )  o r  5 .1 (b ) ,  major 
f r a c t io n  of neptunium w ill  accompany plutonium  stream * This however 
may be avoided and neptunium may be made to  fo lio w  uranium in  th e  
p a r t i t io n in g  column by co n d itio n in g  1AF as d e sc rib ed  in  8 .1 ( c ) .

6 .3  2D Column

Neptunium p resen t as Np(lV) may fee o p ex trao ted  with uranium 
under the fo llow ing  co nd itions and the  e x tra c te d  neptunium may be 
s e p a ra te d  from uranium by G.Sft o r  IF! n i t r i c  e e id  sc ru b  in  an a d d it io n a l  
ec tu b  column*

‘ " " V r . . *  >

(W 03>S=t ub >  * "

H r 9
A lte rn a te ly  Np(lV) may be fo rced  to  the rA ff in a te  (20M) by ua ing  th e  
fo llow ing  c o n d itio n s<

: ^PsOBlib 22 W

<u >a*g  “  V i
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Neptunium se p a ra te d  from the uranium in th ie  cycle can hn 
concen tra ted  end p u r i f i e d  by Ion exchange technique*

From tha chemical flowsheet da ta  ueed in the Plutonium/ 4 Q X
P lan t a t  Trgmbay , i t  appears t h a t  th e  proposed chemical flowsheet 
c o n d it io n s  aro q u ite  com patible with the protieaa* I t  ia  hoped th a t  
these d a ta  w il l  prove u s e fu l  to  recover a valuable byproduct 
neptunium-237, along w ith  plutonium end uranium in the fu e l  
rep ro cess in g  p lan t  a t  T a rapur.
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M i l J L
PATH OF MEPTUN1UFE OUR MG PARTITIONINB

Feed! Z^KNO J
(UtaniuB leaded ©rganie so lv en t)

/Tn7

Reducing scrubs i M w i j

/ V # j

r m n ^ J

0o3 ^

SB s g / a l
3©6 s  104 C/50 Sas/@1 

7 ®g/@S,

0o06 n 

2 FI

F lea  r a te s s Feed / “ ogo , 7  
Reducing aoeub 

Noeof stage®

ga»aniWMHg»ytf»a
|  eeneenteafeien 1 Np A c tiv i ty  in  th@ 

Tira® 1 sfHNO^ in ..th#J outgoing streams
hBBe

14
18
16 
1? , 
i@ ; 
t@
20

ou tgo ing  Aq
stream

BO Sos/ml x

m 6.7
o 0®9 
m S

Concentration ef 
Uranium in  the  out*

streeBsCmg/Bg]

2©@

2*5

2*4

8*4

Aq . 1
'f T*-1 * 1 -' 0$9 !cag«S8«a9qmawq»TÔtawa;ggBgapm>e

Aq I Os-g

1 ©20 0 *1S 6©@ 62
1 a 04 0*16 7©8 62
1 ©12 0a19 7©f @3
KQf 0 e1B e64 S3

1.14 0*19 7.9 62
1.21 8 0 19 8.1 S3
1*24 : 8 .19 9*1 63

f> @f Neptunium fbiJLoaia® ths' ©rgan&e ®bs®m <3 48 «=> 53$



Table 2

PATH OF NEPTUNIUM DURING PARTITIONING

Feedt <HN03) *  0*3 H
(Uraftiti* loaded o rgan ic  n o lv eh i)

(U) ■ 62 m g/sl
( 23V )  »  5 ,4  x 10* C/80 ese/eX

Reducing eerubi 6 , ?  u s /m l 

(N2H4 ) «■ 0 ,06  FI

(HNOg) n  2 M

Flew ra te s  (m l/» in )s  Feed ( e rg )  ■ 6 ,7
Reducing scrub  «■ 0 ,7
No, o f s ta g e s  ■ 5

“ T int
Time
h ra .

15
16
17
18.30
19.30 
20
20.30 
21
21,15

Np a c t iv i ty  in  the outgoing 
stream s e 

S/SO s ac/m l x 10*imemmeemm mi me— y m
Org

* Cpncentraction of Uranium 
$ in the outgoing a fĉ esme 
1 (m s /a U■ wmnsunira iA»WM.̂ Br|f**sraieeei
i *q !

: 4WWMS8 Q'WWTB«I
0r@

2.39
3.09
2,92
3.37
3.25

0.16
0,18
0.19
0.21
0,22
0.21
0.21
0,21
0.21

9 .0
9«B
9.5

1@e@

9 .8

69

59
60 

IS 
61 
58 
s i  
67

iWtiWmssMasya*iiipAiSN»pSl>SRlii(atit<rmgjia

% o f Neptunium fo llow ing  the  o rg an ic  abreast o  3^1
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PATH or NEPTUNIUM DURING PARTITIONING

Feeds (HNO )
(Urenium loaded eiegsnis* so lven t)

Cu)

<23% p ) 

(Fo**)fledueing eembs

FIqm se tae  (ml/Bin)®

Cmo3)

Feed (osg) 
Reducing scrub 
fitSoof ©tegs®

ss QoS FI 

® @4 eg/m l

sa 2e 08 x 104 C/50 a e c /e l

e Qoi2 e

@ 1 FI 

■ 8,7
EJ 0 , 8

m 5

Conbentsation ef®
HNO- in  tha aut®! 
g e l ig  Ag a tsa a a  e

Ip a c tiv ity  in  the 
outgoing stseem® . 
C/SO e@c/@l x 10™

Concentration of
Ureniu® in  the out-® 
going stream  (sg/eaij

1S =» 2e28 0,9 1Q,e 62
16 2o2 1,90 1 o@3 0o4 61
17 » 1 ,8® 1,78 6 ,0 61
19 2 ,0 1 ©85 1,78 6 ,8 62
19 C£ 1«8@ 1 ,84 7 ,8 61
28 2 S4 1,83 1,33 7 ,4 60

|S @f fispttsslu®' fd litiu in g  the esganie etseom » 6?
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PATH OF NEPTUNSUR DllftltlC PARTITIONING

Feed* m 0*3 H
(Uranium loedod organic so lv e n t) m « 64 mg/wl

<2SV ) IS* 1.92 x 10*

Reducing eerubs ( r .44) W 0.12 n

(HNO3 ) « 2 n

Flow ra te s  ( n l /n in ) i Feed ( e r g ) n 6.7
Reducing scrub m 0.7
N o.of s tag e s ■9 S

Tiae
h ra .

C oncentration  of * Ip a c t iv i ty  in  th e  } C oncentration o f  
uU„ |® u tg o in g  stream s .  1 Uranium in  th e  o u t-

aT l i  = /”  " V -  -  i t *  I s« i"=  •<*—  t - y i >
e I Aq * Org I Aq « Org

1 2 „ 1.64 1.77 5.4 56
13 - 1.54 1.79 5.2 56
14 2 .4 1.51 1.76 5 .0 56
15 2 . 6 1.46 1.80 5 .0 61
16 - 1.46 1.79 4 .9 60 _
1 ? 2 .6 1.44 1.78 5.0 60

rc»ft>afr

36 of Neptunium follow ing th e  organic s tream  ®» 93
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EXTRACTION Of $4p (8V ) IN EXTRACTION 9CRU6B1MQ COMSITSOMS

feed » ( m 3) » 4 H

(u) SB 330 atg/tal

C2 3 9Np) S23 1,09 k 1 0 *’

Scrub* (HMOj) 5a i n

Flow ra ta  (n l/a in ) !  Feed « 1.9
Seriate 1 . 0

Solvent e 6 . 2

Ties
h r *  a

p  a c t i v i t y  i n  t h e  o u t g o i n g  .  Cm6,„t„tlon U c a n l u n  

c /n in M  * it f*  - J ' - V g  E j f i T  " ■ " ta
Aquaoua ft

4 . Qppenlo

2 1 . 0 0 N i l 4 . 7 6 2 * 9

2 2 , 1 5 N il 3 . S »

0 0 , 1 0 n u 1 . 5 7 7 5 . 9

1 . 1 B N il 1 . 1 7 e»

2 , 2 0 N il 1 . 3 6 -

3  , 3 0 N il 1 . 3 4 4£»

4 , 3 0 N il 1 . 2 4 9 6 , 9

5 , 4 5 0 . 0 2 1 . 1 6 •
? » 1 6 0 . 0 4 1 . 1 2 F » ®

8 , 3 0 0 . 0 3 1 , 2 9 @ 1 ,0

1 0 . 2 0 0 . 0 3 0 3 , , 9 1 . 0

1 1 . 1 5 0 . 0 3 1 . 6 9 9 8 , 0

*«ai»;giiwĝ i»aai*
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T a b le  7 

CONTRACTION Of N p(l V )

( hno3 )

(u)

<239..p)

(HNCj)Scru bs

Flaw r a t e  ( m l / m i n ) s  F eed

Scrub

S o l v e n t

= 7 . 2  Pi

= 206 mg/ml

= 1 . 0 5  x 105 C/50

« 2 n 

*» 1 . 8

3 3  0 , 9

= 7=2

3e c / m l

Time
h r s .

11

12

13

-14

18

I 239
|  Np a c t i v i t y  i n  th e  o u t g o i n g  
• s t r e a m s  .

C/50 s e c / m l  ;< 10Ba»a»68iB>»jEi»PTOa*'<aiia»|»tim<wia-Mtw»i»eiwenaPBw
Aqueous • Organic

0.21

0 .12

0 . 0 7  

0 . 0 5  

0  = 06

2 . a 

1 . 9

3 . 8

3 = 2 

2 = 9

C o n c e n t r a t i o n  o f  
Uranium' in  t h e  o u t ­
g o in g  o r g a n i c  s tream  

(mg/ml)

73

73

73

70
» e»i is 9 a Btgaina is* «s»««* «i»



EXTRACTION Of N p ( lV )

Fead* ( hho3 ) US 2,15 «

Cu) e 266 »g/» l

( 23tW ) SI 1*44 k ^0® e/BO

Sorub-1 ( hno3) m 3 ft

Serub-2 e Water

Flew ra te s  (»V®l<')s Feed 9 1,6

Scrub-1 m 0 ,9

Scrub-2 tat 0 ,4

Solvent ■ 7*0

——r 239S Np a c t iv i ty  in  the outgoing
J etreawe . -

hr8e ! C/50 aac/Ml X 1:0

{ G oncentreoticn of 
| Pseniyia in  the cut®

,| ge£n@ dtgenlc stream
e Aquooua t Organic (og/wi;

13.30 0*12 3,04 79,4

14.30 0.09 2,65 . @2,0

15.30 P.1Q 2*59 70,0

16.30 0,10 3.57 72,6

17.30 0.110 3*55 75,6



im am ©

PARTITIONING OF N p (IV ) FRQ»T U(Vl)«LOAO£0 ORGANIC

Feed $
(o $ g .)

(u)
<2 3 v >

SesubS (HMOg)

No0@f efctigee

Faqw catee C®V®S.ir)® Feed (osg)

Seeub

a  73 ®g/@I 

0  4 .7  K 10^ Cpq^EJl

® 1 R

4.3

1 .0

Np eefciVifcy in  the outgoing
T im 88 stsreass » |  tisehiuss in  Aqusaus
h re. I e p w a l  $s 20: ct3aciaa»«««ttM»ogaw*gogaE»̂tlia>c»i®naapqeocsJS3cgcainamŝ amgftĝ „ „J. e a f f in e te

t Aqueous e Qrgsnie. 6 .

15 .30 141 So? 25

16*30 178 7 ,9 25

17.40 165 9,1 2?

1 3 .4 9 , 168 6.1 25

20 .00 ISO 7 .7 27



BEHAVIOUR OF Np(lV) UNDER EXTRACTION*
SCRUBBING CONDITIONS

FgodS (NNOg) m 0*3

C«) 330 eig^sl®

Sorub* (hno3) m 1 R

Flow ratee ( a l / a in ) ; Fead a 1*7

Scrub •m 0 .9

Solvent m 6 .0

T 5 S T
Tiee ] 
hra. «

* Np a c t iv i ty  in  the outgoing e trew i * Conoantsation of
q/50 aac/ml x 10* 4  * MfWiuw in  tho

,  - tmmm mmmmtmm  ■ i. w i w w . i » w lf if ^ « ^ w g w  O U t g O i H g  ® f c g 9 R 'i C  » t « “

» Aquaoua « Organic ! reB*(*g/Bl)

13 8*1 „ 0*12 58

14 6.1 0 .12  66

15 8 . 6  0.12 84

16 3.6 0.13 8 6

j ^ c^wwuĵ «B;ca«nci»gawgsii bo eg n  n. kiittptqjj

•  Calculated fro a  concentration  of m i n i *  in  f t*  
outgoing o r g a n ic /s t r a t i . ......



T a b le  11

BEHAVIOUR OF Mp(IV) UNDER EXTRACTION-SCRUBBING
CONDITIONS

Feeds ( m o 3 ) 0.3 H

(u ) 330 eg/ol®

Scrubs (HNOg) SB 2 H

F l«a se tae  (®V»it» )8 Feed a 1.7

Scrub e 0 .9

' Solvent BB 6.2

TS»*
hse. I3 _ AqueousB̂ti5a»»sBK3»«a!ri»e4e»eHeBresette»
1$ 1.6
13 s»s
14 7.1

IB s.g
16 6.9
IT 7.4
18 ■■■ T*2

3 Np a c tiv ity  in  the outgoing 'C oncentration  o f Uranium
I ©tr©©®0 e in  the outgoing ©rgshie

■ mtmn.   -  « «  __J B t » S 3S  C » s /S * )
ig esn ia '

P»1S 06

0017 03

o,is @e
0,15 08

0,18 90

0,15 90

0,24 @B

® 6ei©ui©t@d fgp© oencentSQtipo o f  uemiusa in the
; ss-gehi®'-a6ss8»^
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Ft e.g.
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USIN© URANIUM (IV)
(FOR EXPERIMENTAL CONDITIONS REF. TABLE S.)
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FIG. 3.

PROFILE OF NEPTUNIUM DURING
PARTITIONING USING F§ * 4

(FOR EXPERIMENTAL CONDITIONS REF. TABLE S .)
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FIG.©,
PROFILE OF NEPTUNIUM (IV) IN THE EXTRACTION

(FOR EXPERIMENTAL CONDITIONS REF, TABLE 6 .)
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PRO FILE OF URANIUM (VI? AND NEPTUNIUM  CSV)

IN T H E  S C R U B lN e
(FOR EXPERIMENTAL CONDITIONS REF. TABLE9 .)
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PROFILE OF NEPTUNIUM (IV)bURANIUM(VI)

AND KNO3 IN THE EXTRACTION
( FOR EXPERIMENTAL CONDITIONS REF TABLE 10,)
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