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ABSmgP

The o x id a tio n  e ta to  a n a ly s is  o f neptunium in  the  aqueous feed 

so lu tio n  from th e  Plutonium  P lan t a t  Trorihay m s  c a r r ie d  o u t and I t  

was found th a t  neptunium e x is te d  m ainly a s  Kp(v) In  the  feed  s o lu tio n . 

Batch e x t r a c t  Ion d a ta  f o r  % ( H )  awl 27/p (VI) in to  50$ THP/Shell Sol T 

a t  d i f f e r e n t  aqueous n i t r i c  ac id  c o n ce n tra tio n  and uranium s a tu ra tio n  

o f th e  o rg an ic  phase were obtained  a t  45°C and 6060 and th e  r e s u l t s  

e re  summarized. The d is t r ib u t io n  c o e f f ic ie n ts  o f Ip (lV ) and Hp(VI) 

were o b ta in ed  a s  a  fu n c tio n  o f  M P co n cen tra tio n  and th e  d a ta  a re  

re p o rted  e The e f f e c t  o f  n i tro u s  a c id  on tins e x tra c tio n  o f neptunium^ 

p re sen t in  th e  aqueous phase &v Ip  (XV) and Hpl.V), by 5<$ TBP was 

s tu d ie d  and th e  d a ta  o b ta in ed  a re  g iv e n . The da ta  on th e  r a t e  of 

sed u c tio n  o f  Np(vI )  and % (V ) to  Ip  (IV) by B(IV) were o b ta in ed  fo r  

d i f f e r e n t  0(IV ) and n i t r i c  a c id  c o n c e n tra tio n s .» Some redox re a c tio n s  

invo lv ing  % ( H ) „  ftj.(3EV) v(V) m - e  in v e s tig a te d  and t h e i r  p o ss ib le  

a p p lic a t io n  in  the?' porex p rocess  fox neptunium  r e c o v e r  were exp lo red .



BOBESS CHEM1STHX OP iraUMIDM .  E'US  I I

iqr
K* Srinivasaa*, M.Y. Bamanjteh, S,S» F atiil,
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1 . XNIRQBCmOH

Neptunium-23 7 i s  produced in  s ig n if ic a n t  amounts in  uranium  fu e lle d

ptraea? re a c to rs  and .its  zeoevery d u rin g  th e  rep ro cess in g  of th e  i r r a d ia te d

f^ e la  has reovv t l y  become im portant a s  i t  i s  th e  s t a r t in g  m a te ria l f o r  the

p ro d u c tio n  o f  Pa-256 ih io h  i s  used  in  oompaet power souzaes. Kilogram qugmti-

t i e s  o f  SFp-237 a re  being produced in  power re a c to rs  th u s  making i t s  recovery

ft m a tte r  o f  co n sid e rab le  i n t e r e s t .

She work on th e  p ro cess  chem istry  o f  neptunium was undertaken  with

ft view  to  a r r iv in g  a t  s u ita b le  co n d itio n s  fo r  neptunium recovery , alengw ith

uranium  mid. p lu ton ium , by th e  puzex process in  th e  TBEFRE P la n t $arapur»

Batch e x tra c tio n  d a ta  a t  room tem perature  f o r  Up (IV) and Hp(VI) in to  TBP

a t  d i f f e r e n t  aqueous n i t r i c  a c id  co n cen tra tio n s  and a s  a  fu n c tio n  o f  s a tu ra tio n

o f  1h© organic phase by uranium were obtained  and smmrarised in  th e  e a r l i e r  
' ( l )r e p o r t '  * She p a th  o f  neptunium in  the  Plutonium P lan t a t  Trombay was 

fo llow ed tgr an a ly s in g  the  neptunium co n ten t in  s e v e ra l  process stream s and 

t&@: r e s u l t s  oMadne&'wsre a lso  in c lu d ed  in  th a t  r e p o r t .  &  c o n tin u a tio n  o f 

t h a t  wo;ck a  few m orejsepeets re le v a n t  to  the-neptunium  process Chem istry were 

in v e s t ig a te d  and th e  s1© s u i t s  ob ta in ed  s sa  summarised h e r e .
: 11 >. 1 V:-V' .C- ■■■.■■-; ; :

Erom th e  analy ses o f  th e  va rio u s  p rocess stream s o f  th e  Trombay 

BlutoniASti:® lant^ 'foritS$^ir' neptunium co n ten t i t  was o t e e s b d ^  ^ t h a t  neptunium 

'e ^ S ftf tt£ ^ :ia , '^ e - if to ^ lo (m t» a in s ti< m ' cycle ' was" rau&k h j# © r  than  th a t  3a t&e

*Fuel hc-prodessMig Divio ion



wtrti.tioK.lAg oyole Wsygh 'the ex traction  condition* were id en tica l in  botfe

th e  o y e lea . In  o rd e r to  understand th l*  e x tra c tio n  beSbeviour o f  aepticmise

in  th e  purex p rocess th e  o x id a tio n  s t a t e  a n a ly s is  o f  neptunium t o  th e  feed

so lu tio n  o f the  Plutonium P lea t a t  Trtsmbay w&a c a r r ie d  cmt and th e  m e u l ta

a re  deeor '.ued to  S ec tio n  52.

I t  i s  known th a t  the  f i s s io n  product decontam ination fa c to r s  e sa  
<

he improved by o p e ra tin g  some s e c tio n s  o f  We purex p ro cess  a t  e lev a ted  
(2)tem p era tu res ' « In  o rd e r to  determ ine th e  e ffu o t o f  h ig h e r  tem peratu re  a 

on neptunium extx**ution in to  TBP, b a tch  e x tra c tio n  d a ta  f o r  S p ( l? )  and 

Bp (TO) in to  5 ^  TBP a t  d i f f e r e n t  aqueous n i t r i c  a e ld  oonoen trstiona  and us 

a  fu n c tio n  o f the  o rgan ic  phase s a tu r a t io n  by uranium mere ob tained  a t  43*' 

and 6C°C and We r e s u l t s  a re  susstiarieed in  Section  3*

Batch e x tra c t io n  d a ta  f o r  Mp(XV) and Hp(lfl) in to  TBP m  a  fu n c tio n , 

o f TBP co n cen tra tio n  were obtained  to  determ ine th e  dependence o f  tlw  

d is t r ib u t io n  c o e f f ic ie n t  on TBP o o m e n tm tip n  and th e  r e s u l t s  a re  g iv e s  in  

S ec tio n  4»

To a d ju s t  th e  o x id a tio n  s t a t  a o f  plutonium  to  R z(nf) n i tro u s  &cM 

i s  added to  th e  feed  so lu tio n  o f th e  purex process* Henoe th e  e f f e c t  o f  

n itro u s  ac id  on the  neptunium e x tra c t io n  by TBP ■waa s tu d ie d  and i s  re p o rte d  

in  S ec tio n  5- ' ::

For the  p a r t i t io im tg  o f p lutonium  from uranium  in  the PBEEHS p la n t  

I t  i s  proposed to  u se  U(XV) ae a  re d u o ii^  agent * The course ^n ep tim ism  

to  th e  p a r t i t io n in g  solium# th e re fo re#  depends on We r a t e  o f re d u c tio n  Of

Bp (VI) and,. Bp(V) to  H p(H ). by These; re a o tto m  ■ were to v ea tig a teS  m &
1 1
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Up (IV) and Np(VI) a re  e x tra c te d  by hextme from an aqeous phase which i s  1M

( ?  '*in  n i t . i o  ac id  and s a tu ra te d  w ith ammonium t i t r a t e '  , Under th ese  cond i

tio n s  Np(v) is  no t a t  a l l  ex trac ted  «>y hexone• A ltern a tiv e ly , e o p re c ip ita tio n  

of neptunium with LaF^ is  ano ther to o l which oan d is t in g u is h  tile d i f f e r e n t  

o x id a tio n  s t a t e s .  Experiments were c a r r ie d  out to  f in d  o u t the  o o p re o ip iia iio n  

behaviour o f d i f f e r e n t  o x id a tio n  s ta te s  o f  neptunium w ith  LaF^ and the  data, 

a re  p resen ted  in  Tables 1 -4 . These d a ta  show th a t  Np(IY) and Np(V) a re  

q u a n ti ta t iv e ly  c a r r ie d  by LaF^ while Np(VIx i«  n o t a t  a l l  c a r r ie d , and th a t  

th e re  is  l i t t l e  in te rfe re n c e  due to  th e  presence o f uranium  u p tc  100 mg/ml 

on fhe e o p re c ip ita tio n  behaviour of neptunium in  d i f f e r e n t  o x id a tio n  s t a t e s , 

Fence by a  s u ita b le  com bination o f th e  TTA e x tra c tio n , hexone e x tra c tio n  and. 

la F j p r e c ip i ta t io n  i t  was p o ss ib le  o estim ate the d if fe r e n t oxidation s t a t e s  

of neptunium p resen t in  a  g iven  sam ple.

2.2 Experim ental

Che id a t  ion s ta t e s  o f  neptunium in  th e  feed s o lu t io n  o f  th e  f i r s t  

cycle were analysed befo re  and a f t e r  con d ition in g ,for  th e  o x id a tio n  s t a t e  

adjustm ent o f  plutonium,using NaHOg. The volume o f  th e  sample chdsea f o r  

analysis depended p rim a rily  on the  beta-ghteia  a c t i v i ty  le v e l  o f  the  sample =

A known volume o f th e  Sample was- taken  and i t s  t o t a l  h e p tu n im  con ten t was 

f i r s t  estim ated  by th e  TTA ex tra ctio n 'methodx 5 . In  t h i s  method the  sam plf

m s ad ju s ted  to  1 .0  M in  n i t r i c  ac id  and 0=1 M in  fe rro u s  aulphamate and 

equilibrated  with 0.5M ®BA. Under th e se  co n d itio n s  neptunium i s  p re sen t a s  

Kp(lV) which i s  ex-tractab le  by T$A vhereas plutonium  i s  p re se n t a s  P u ( l I I )  

which i s  no t e x tra c ia h le  by TTA, Uranium which is  p re se n t a s  u (l/I)  and a  

major f r a c t io n  of f i s s io n  p ro d u c ts 'a re  n o t e x tra e ta b le  and hence remain), i n
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th e  aqueous pb aae , The extra*, oed neptunium was subsequently  s tr ip p e d  in to

8M n it r ic  acid* S i th io  str ip p in g  prooass zirconium  and protactinium  which

ar© ex taao th b le  by TTA remain in  the  organic p h ase . The e x tr a c t  io n -s tr ip p in g

process m s  re p e a te d  tw ice to  g e t  good decontam ination o f th e  neptunium from
(1 )plutonium  end f le s io n  p ro d u c ts ' .  The percen tage  y ie ld  o f  neptunium in  th i s  

p rocess was e stim ated  by tagg ing  neptunium w ith  a  known q u a n tity  o f „

The Ep(lV ) p re sen t i n  th e  sample m s  estim ated  by a d ju s t in g  a  known 

a liq u o t o f the  sample to  1M in  n i t r i c  acid  and th en  e x tra c tin g  th e  Hp(lY) 

w ith  0.5M TTA, The e x tra c te d  neptunium m s  p u r i f ie d  from plutonium  and 

estim ated  by th e  TTA e x tra c tio n  method as  described, above. Lanthanum 

fluorid©  p r e c ip i ta t io n  was c a r r ie d  on a known a l iq u o t  o f the sample and the 

neptunium c a r r ie d  (Np(IV) and Np (V) ) with LaPz was p u r if ie d  and estim ated  by 

th e  TTA e x tra c t io n  method. The d iffe ren c e  in  th e  values o f the  neptunium 

con ten t ob ta ined  w ith d i r e c t  TTA e x tra c tio n  method, i . e . ,  Hp(lV) and th a t  

c a r r ie d  by L aP ,s i»e» Up(IV) -i- Mp(V) was taken  a s  th e  amount o f  Np(v) p resen t 

in  the sample * The d ifference between the  t o t a l  neptunium co n ten t , i . e .  

Ifp(XV) 4- % ( ? )  4* Kp ( t l )  arf.d. t h a t  c a r r ie d  by L a F ^  - i e©6 I’Ip(lV) f. Hp (V) was 

tekem aB t'the , &Bount of. Ip (V I)..p re s e n t 1st ihe  sample® A lte rn a tiv e ly  %s(v) 

was eotia& tea* in a  couple o f  samples*;,by ^ e ;.$TA;^#Straetien. n e th e4  s ta rtin g  

w ith:;.a;:>SB$nplei-i'rom: which-Bp(XV) > and %(VX) toga.'®sr.;were .q u a n ti ta t iv e ly  

removes^ lyti^xtraetion'-.wi-ii-h@xsne>. fromi. the, sample Vvtiieh' waa a d ju s te d  to  1M 

in  n i t r i c  a c id  and n ea rly  s a tu ra te d  w ith =■

2*3 le sa lt s i  and Bigoussioa

The d a ta  ob tained  on th e  o x id a tio n  s t a t e  a n a ly s is  o f  neptunium in  

th e  feed  s o lu t io n  o f the  f i r s t  cy c le  a re  shown in  Table I t  i s  seen from 

th e se  d a ta  t h a t  neptunium i s  p re s e n t mainly a s  Hp(V) in  the- feed  s o lu t io n =
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The presence o f about 50-35^ Np(IV) £n the  samples nay be due to  the  

d isp ro p o r/b io n a tio n  o f Np(V) which ia  enhanced a t  h ig h e r a c id i ty  and in  th e  

presence o f complexing anions such a s  n i t r a t e ^ . The absence o f  Hp(Vl) in  

these  s o lu t io n s , however, may be due to  i t s  red u c tio n  to  Np(V) by ra d io ly s is  

o r exposure to  l ig h t  vhich i s  known to  reduce Np(Vl) to  Bp (V) e sp e c ia lly  in  

the presence o f  u ranium ^ ̂ ,

R ecently B ah r^* ^  in v e s tig a te d  th e  o x id a tio n  s t a t e s  o f neptunium 

by d isso lv in g  ir r a d ia te d  neptunium doped- uranium  oxide ip  n i t r i c  ac id  and 

analysing  by e x tra c tio n  w ith  5<$ TBB-alkane, Assuming th a t  on ly  Np(lV) and 

Np(Vl) g e t e x tra c te d  w hile Np (V) remains u n e x tra c te d , Bahr observed th a t  th e  

r e s u l ts  i/ere n o t rep ro d u c ib le  a s  th e  r a t io  o f  th e  e x trac ted  to  th e u iie x tra d te d  

neptunium sp ec ies  v a ried  from 10*1 to  1 t1 0 . By adding th e  neptunium in  a  

known o x id a tio n  s t a t e ,  (IV), (v) o r (VI) to  n i t r i c  ac id  in  which ir r a d ia te d  

uranium m etal o r  uranium oxide was subsequently  d isso lved  and follow ing th e  

ox ida tion  s t a t e  o f neptunium during and a f t e r  d is so lu t io n  by spectrophotom etry  

i t  was rep o rted  th a t  neptunium e x is ted  mainly a s  Np(V) during  and a f t e r  

d is so lu t io n  o f  uranium. A ll th e  neptunium m s  o x id ised  to  Np(VI) only  by 

b o il tog th e  so lu tio n  in  7M s iitr iO  ac id  f o r  3 hours , The v a r ia t io n  in  th e  

r e s u l ts  ob ta ined  by TBF e x tra c t io n  could be due to  d i f f e r e n t  co n cen tra tio n s  

of n itro u s  a c id  p resen t in  th e  so lu tio n  a s  i t e  presence i s  knowh to  a f f e c t  

the  o x id a tio n  o f  Np(v) to  ITp(VI) by n i t r a t e  ih  th e  presence o f  T E P ^

The p re sen t r e s u l t s  on th e  o x id a tio n  s t a t e  a m ly a ia  o f neptunium a re  in  i  ̂ - 

agreement w ith  those re p o rte d  by Plenary and P a a f c e r ^  and by B a h r ^ ^ «

Assuming th a t  neptunium m s  p re sen t as Np(V) in  th e  second cycle 

feed a lso  th e  h ig h e r  t o f  neptunium in  the  f i r s t  cy c le  compared to

that- ha th e  second may be explained by th e  presence o f th e  r a te
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a c c e le ra tin g  m a te r ia l . I t  was r e p o r t e d 2  ̂ th a t  th e  products o f th e  re ac tio n

o f  uranium carb id e  (which in p reuen t in  the m e ta l l ic  uranium fu e l e lem en ts)

w ith  n i t r i c  a c id  and of the re a c t io n  o f the p la n t  so lv en t w ith n i t r i c  acid

a c c e le ra te d  the  r a t e  o f o x id a tio n  o f  Np(v) to  lip(VI) by n i t r a t e . SiddaH and
(11)

Bakes re p o rte d '  z th a t  n itro u s  a c id  ca ta ly sed  th e  o x id a tio n  o f  Hp(v) to  Kp(VI)

by n i t r a t e  and th a t  th e  r a te  was independent o f  th e  co n cen tra tio n  o f n itro u s
(■ip)a c id .  However* Swanson observed '  th a t  th e  o x id a tio n  was dependent on

n itro u s  a c id  co n cen tra tio n  and was enhanced by the  presence o f TBP probably

due to  the  fo rm ation  o f  the  r a te  a c c e le ra tin g  m a te r ia ls . Some p re lim in a ry  
(13 )

w ork ' c a r r ie d  o u t in  th is  la b o ra to ry  tends to  support the  l a t t e r  v iew . In 

th e  second cycle* th e  co n cen tra tio n  o f  n itro u s  a c id  would be le s s  th an  th a t  

in  th e  f i r s t  cy cle  where i t s  r a d io ly t ic  fo rn a tio n  would be more. Thus the 

absence o f th e  r a t e  a c c e le ra tin g  m a te ria ls  and the  red u c tio n  in  th e  n itro u s  

a c id  co n cen tra tio n  would probably exp la in  the decrease  in  the  e x tra c t io n  of 

neptunium in  th e  second cycle  6 *

3 .  THE BEEECT OF tllTHIC AC IB AMD UPAS IBM GUNCEMTRATW OS THE EXTRACTION 
jO®5 N p(IV y ANB Hp (V I) 1ST0 5 0  TBP AT 45°C AKB 60°C

The e f f e c t  o f uranium s a tu ra t io n  o f pO?o TBP in  S he ll so l-T  (SSI)

on, the. e x tra c t io n  o f  lip (IV) and Kp (VI) a t  room tem peratu re  was re p o rte d
  (Ax : ~  """" " "  '

e a r l i e r -  . v-e In  th e  P la n t a t  Taxapur,.. im der construction* th e  various

e x tra c t io n  -columns w i l l  be1’ p rov ided  w ith  ja c k e ts  to  have th e  d e s ire d  teL pera-

-turc a s  i t  i s  known th a t  th e  decontam ination f a c to r s  can be improved by
(2)

- O perating  ̂ seae^sections o f  'Hie purex  process a t  h ig h e r  tem peratu res . I t  

vaS j 'ttie ra fb rb s  considered  n e c e s s a ^  to  study th e  e x tra c tio n  behav iour of 

neptunium : a t  h ig h e r  tem peratures under cond itions re le v a n t to  th e  p rocess e 

In  th e  p re sen t %vorle idle e f f e c t  o f  aqueous n i t r i c  a c id ; co n cen tra tio n  and



organic phase uranium concentration on th e  ex trac tio n  o f  % ( !¥ )  and Ip (¥ I)  

in to  3^o TBP-SST a t  45*6 b$m 60*C wb s tud ied  and is  roportad  h e re .

5.1 Experimental

She experimental procedure fo r  th e  ex trac tio n  o f Bp ( I f )  and Kp(Vl) 

with varying n i t r i c  acid  and uranium eonoen tra ticm  in to  56P» SBP is  the eama
( i )

as daaorihed e a r l i e r '  except th a t9 p r io r  to  uee» the TBP -s&b p r o t o a s t e d  

with n i t r i c  acid of the corresponding concen tra tion . She equ ilib ra tions, were 

carried  out in  a  theraootatad  m te r te th  the  tesperatm re of vhieh was m ia ta is s S  

within + 0.1*0.

3«2 Results and observations

The data obtained on the  equilibrium  concentration o f vmaniwi end 

n i t r i c  ac id  in  both aqueous and organic phases and the d is t r ib u tio n  o o s ffie ie n ts  

of Sp(XV) and Hp(VX) a t  varying oont. °ntraiie® s o f uxsn iw  and n i t r i c  boM a t  

45cC are  given i a  Tables 6-9  and sim ilar .Sate a t  60®G are  g iven T ables’tCM5«> 

The p lo ts  o f the  d is tr ib u tio n  co effic ien ts  o f  Bp ( i f )  vs © rgssie phase w a t m  

concentration a t  d iffe re n t n itr ic  acid eo m en tra tio m . a t  45*6' end 60°0 are  

shorn in  Figures 1 and 2 re sp ec tiv e ly . ■ S im ila r ;i1ste fe s  .BIpCfl) a t  4S0G and 

60°C are  shown in  Figures $ and 4 re sp ec tiv e ly « j

3.2.1 The e f fe c t  o f te a sa ra tu ra  on the  d ia tr ib u tie n  of w i mis:conatitdeates 

From tee  date obtained in  the p re sen t woade, i t  i s  seen  th a t  te e  - 

ex traction  o f  'Bp(VX) • o f 8p(I?")i;s t  a l l  c o a e e n tra tid ^ vb f : -1,.

uranium and n i t r i c  acid  a t  th e  temperatures s t u d i e d C h l y '  Stt * the  e ig s r i s m tr  

a t  4H n i t r i c  ac id  and 60*68 the: d ie tr ib u tio n  c o e ff ic ie n ts ; ©f % ( l f ) ag© Siigtes: 

te a s  teose of Bp (TO ) a t  h igh uranium concentration ia  the organic phase &



3Sx®apt from 1M n i t r i c  aoid with low uranism concentration t the d is tr ib u tio n  

c o sff io ie n t of Hp(XV)f increased with the increase o f temperature from 45° to 

60®£J and the r e la t iv e  increase in  the  d is tr ib u tio n  c o e ffic ien t was enhanced 

by the presence o f uranium. This e f fe c t  is  s im ila r to  th a t observed in  the 

case of Pu(XV) ex trac tio n  and ia  due to  the decrease in  uranium d i s t r i 

bution c o e ffic ien t with increasing temperature which makes more free  TBP 

av ailab le  fo r  the  ex trac tio n  o f Bp(IV) a t  h igher tem perature. The d is tr ib u tio n  

co effic ien ts  o f  both U(VI) and Np (VI) decreased with the increase o f tempera/bur® 

from 45*0 to  60®S and the decrease becomes sm aller with increasing concentra

t io n  of uranium 3a the  organic phase. The behaviour i s  s im ila r to  th a t  

observed in  the ex trac tio n  of Pu(Y X )^^  and TJ(V1)^1-^ .  Bie d is tr ib u tio n  

co e ffic ien t o f n i t r i c  acid  seems to  be almost unaffected  by Increasing -the 

temperature upto  60®C, Bis' p re ssp t observations on the  e ffe c t o f temperature 

on .the trend of the  d is tr ib u tio n  c o e ff ic ie n ts  a re  in  general agreement wife 

feose reposted in  tb s  l i te r a tu r e  f o r  U ( V I ) ^ N p ( I ¥ ) ^ ^ / and

S a tie s  g "' The ra tio - o f  fee: d is tr ib u tio n  c o e ff ic ie n t

' O f f e S S '  o f v'®p(H) S&s fee  aaoa eoneentsation o f uranium.in  fee  ozsgeaie

phaseiiSB1 'irasiS't©  ;®82S ln  s^rax issstsX y constant* At rs-sm. temperature f o r  2=4 1

B itr io  s s iS  es®8©nt£ati©ae eM  a t  a l l  uranium ©©ssenirstiOBS i s  fee  organic

^ s s e g  th is  r a t io  » s  about S®1V s a i s  i s  in  good agreement w ith fee  va3.ua ■

.■ ©£̂ ::̂ o1l"'g|togi':i^-:8@2maiffit ©t b X ^ L .  At 45®s and 60°0 th i s  rati©  m s  about 2„0
'■ '-(24)

a s l  1 <*f seapeotiire'lye ThiW as suggested by Gersain a t  a V  th is  r a t io  can 

he u sed /te-c& lcu lsts  roughly f e e . d is tr ib u tio n  c o e f f ic ie n t of Bp (VI) f ro a  knsoa 

Ic ie s t.-e f  ii(VX) under s im ila r co n d itio n s„
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3 .2 ,3  Comparison of and Hb(VX) ex tra c tio n  da taa @m comparison o f

the d is tr ib u tio n  co e ffic ien t data fo r  $$p(H) and Hp(VI) ©hows th a t  the r a t io  

of the d is tr ib u tio n  co e ffic ien t of Kp(VI) Mid Hp(lV) &t equivalent organic 

phase uranium loading decreases with increasing  acid ity  a t  e&l the temperature 

s tu d ied « This la sim ilar to  the observation reported in the  extraction of 

plutonium '2^ ,

4 , VARIATION OP SEE DISTRIBUTION GCEBFIGlEi® OF Rp(lV) JtiB Ep(H) VfDH T O  
CONCERTSATIOH

The d is tr ib u tio n  o o affio ien t of both Hp(CT) and Sp(Vl) vary l in e a r ly
(«g)

wi-sh the square of the SB? concentration. * ' • However, tSiia re la tio n  i s  tru e

only fo r  very low ooneentiBtion o f TBP, For h igher TBP concentrations the  

d is tr ib u tio n  co effic ien t i s  reported to  w ry  lin e a r ly  to  a  degree oomsidemMy 

lower than square of the TBP concentration f o r  9 (H )  a s  vrell a© fo r  

Pa(V I)t2^ ,  I t  was, th e re fo re ,. considered in te re s tin g  to  study  iE© tepSnSSaee 

of the d is tr ib u tio n  c o e ff ic ie n t of $3g(lF) and Bp(Vl) oa the  TBP qoaeentraitioB, 

The data ware obtained on th e  v a ria tio n  ©f the  d is tr ib u tio n  o o a ffio ien t of 

Hp(H) and Hp(VI) as a  func tion  o f the TBP concentration ranging fee s  ^ •  3 ^  

and a re  reported  hors®

4«1 Experimental

E xtraction  o f H p (li)  and Kp(VX) from 2 M n i t r i c  so ld  so lu tion  w s  

in v estig a ted o The TBP so lu tio n s  in  SSSf wore p re -eq u ilib ra tad  w ith 2 M n i t r i c  

aold before u se , ApproxImate.Ly 0„01 M fe rro u s  sulpham te was used as the  

holding reduo'fcant fo r  Hp{CT) sr>6 0»01 M EgGz'gO  ̂ was used as  the  holding cxiiS 'at 

fo r  3p(¥I)«, Both forward and reverse d is tr ib u tio n  data were obtained»
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4*2 ' R esults and observations

She d is tr ib u tio n  c o e ff ic ie n t data obtained fo r the e x tra c tio n  of 

% (!? )  end N p(H ) from 2M n i t r i c  acid in to  d if fe re n t concentrations of TBP 

a rc  given in  Table 14. The forward end reverse d is tr ib u tio n  data were in  

good agreement with each o th e r . A log-log p lo t o f the d is tr ib u tio n  

o o /e ffio len t vs TBP concentration is  shown in  Figure 5. For K p (lf) , the 

slope obtained i s  about 1*5 vhera as fo r N p(fl) i t  le  1.2 in  the range 10-50y&

TBP oonoentration» These slopes a re  comparable to  1*1 and 1*4 reported  for 

■fee ex trac tio n  o f U (Y X )^) ^  P u (V I )^ ^  re sp e c tiv e ly „

5* THE EFFECT OF NITROUS AGBJ ON THE EXTRACTION OF MEFTUNIUM BY TBP

I t  i@ known th a t n itro u s  acid can a c t both  as an ox id ising  agent 

and a  reducing agent and depending on the experimental conditions f can oxidise 

Hp(lV) to  and Rp(f) to  Np(VI)^1  ̂ and a s  well reduce lp (F I)  to  S p 'f ) ^ 8^

and Hp(v) to  M s(X f)^^o  la  th e  pursx process n itro u s  acid  i s  sddad to  the 

feed solution. 9 to  ad ju st the ox idation  s ta te  o f p lu to a iu s  to  Pa ( i f )  w t i*  is  

Gatssiciaeie by THPS flje b e n e f ic ia l e ffe c t o f n itro u s  acid on neptunium 

..estsacticm; by $BP was ©bssswea i s . various separa tion  p len ts  As H p(fl)

e s i i a t i m  eteter o f neptunium by. TBP g.. eoroersion  ©f 

. %3* %;CP)..'-. wsd-d: r e s a l t , . t e  the xsaaisyiB eoe^rbrastion o f neptunium by 

S IB ,is  tha  pumsx process* .The e f fe c t  of n itreua , ac id  ©n.the e x tra c tio n  of 

% ( l f )  sad % ( f )  by TBPy w i e r  t b s .irassx pre@eae oondltiona9 w  studied*

• 5*1: • ''.^medatoiitBl -HirtT ririfriiffmri ~i—m "'i.........—  *

5$1 a t« Preparation. o f n i t r i t e s ' A stock so lu tio n  o f  HaHOg in  w ater m s  sad© 

aad the n i t r i t e '  4MBseentration was e s tis s te d  volumetrie&ily by adding a 

teBtraa a liq u o t e f  the y d tr i te  so lu tio n  'to  'ah ■excess" of" the eismSr«l e©M©
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su lphate so lu tion  and them t i t r a t in g  the  excess Ga(Ti) -site standard forroua 

?moniua\ sulphate using fe rro in  as th e  in d ic a to r ,

5„1.2 Preparation o f About 10Cyug o f Np-237 was mixed with a  su ita b le

amount of Np-239 and 1;hs mixture was raduoed to  by fe rrous eulphamt©

( rx» 0.01S) in  1B$ n i t r i c  aoM . The Bp(I¥) m e then ex trac ted  te to  0«5 M 

and subsequently s trip p ed  from the org&nio phase in to  61 n i t r i c  a a id . This 

was the stock so lu tion  <s£ Kp(lV), P r io r  to  nee, the  ox idation  s ta te  of 

neptunium in  the stock so lu tio n  m s checked by TTA e x tra c tio n .

5.1.3 ^reparation  of Kp(V)» A stock so lu tio n  of %(V) was prepared by heating  

a  Hp(IV) so lu tio n , prepared ae described above, in  a  d i lu te  n itric - so ld  

so lu tio n  ( 'v' 0. 5I!) fo r  about an hour on a  waterbath* This tim e m s  s u f f ic ie n t  

fo r  the q u an tita tiv e  oxidation of Np(lV) to  5p(V) as seen from the data 

presented in  Sable 15. The absence of % (IV ) | a  th is  so lu tio n  m s  cheeked by 

the TTA ex trac tion  method and th a t of Kp(VI) by the hexone ex trac tio n  method.

3.1 «4 Procedure % An a liq u o t o f Hp(l7) o r  Hp(V) w s  p ip e tted  in to  1-4M n i t r i e  

acid so lu tions in  the absence es well a s  in  th e  presaae© o f  a  known amount ©f 

uranium followed by the ad d itio n  of KaHGg to  g lvs Bn ‘i n i t i a l  n i t r i t e  e<mo«®» 

tra t io n  o f 2»9 x 10"2 M. fh e  neptunium conGentration was k ep t s t  t*2yag/tile 

A fter allowing a  definite, period to  pxo«oed '

tem perature, these so lu tio n s  w ere 'equ ilib ra ted  w ith equal:, volumes o f  30% 

THP-SST. The ©xpertesat® using Ep(V) were done in  the presence as  w all m  

in  the absence of l i g h t .  In  a  few experim ents, a f te r  adding Bp(V) and'-HaBOg" 

in to  the  n i t r i c  so ld  so lu tio n s  containing uranium, a i r  was bubbled through 

the so lu tio n  fo r  15 minutes and then .the so lu tions were kep t fo r  2 hours 

before eq u ilib ra tin g  with 30% TIP. At the end of the e q u ilib ra tio n  su itab le



a liq u o ts  ires; both phases wars removed and th e ir  gamma a c tiv ity  uaa counted 

using a NaX(Tl) s c in t i l la t io n  cour.tor,

5*2 Results and observations

The d is tr ib u tio n  c o e ffic ien t o f Hp(H) obtained ae © function o f n i t r i c  

a d d  concentration and temperature undos? the cond itio n o  montionod, a re  given 

in  Table 16• S im ilar data in  the present;e of uranl.ua are  given In Table 17„

The d is tr ib u tio n  c o e ffic ien ts  of Hp(Br) ,  using ^  O=01M ferrous aulpbamate 

as the holding reduotant and with no BhNOg ad d itio n , under id e n tic a l cond itions,

a t  room temperature were obtained and included in  these  Tables fo r  comparison <.

I t  Is  seen from the data iu  these two Tables as well as those presented in

Table 18 th a t in  th e  presence and & e absence of uranium, Hp(I7) was p ra c tic a lly

s o t  affected  by a s  i n i t i a l  n i t r i t e  concentration o f 2„9 x  1 Cf^M, The data 

obtained os the d is tr ib u tio n  c o e ff ic ie n t of neptunium, in i t i a l ly  p resen t in 

the  equeous phase as Sp(?) are  g iv es  in  Table 19* I t  i s  seen from th ese  data 

th a t  tiis  d is tr ib u tio n  co e ffic ien t e£ neptunium increases with increasing  a i t r i e  

ac id  concen tra tion  showing thereby th a t %  (¥) i s  g e ttin g  osid ised to  Hp(VX) by 

the n i t r i c  aoM ooneazatmtion in  the presence of 2 .9  r  10 i n i t i a l  

niSsoyaflMMe^,

I t  was repo rted  ty .B a h r v ^  th a t  in  the presence of l ig h t ,  p a r t ic u la r ly

'esea p raaan t, Hp(VI) is  slowly reduced to  H p(f), To eliia l"

.  ̂p o s s ib i l i ty  eaperimnfcs were ale© Son® in  the  absence o f U g b t "hy

. eovarihg the  e q u ili te a i io n  tubas w ith blaolc paper and tiie date obtained are 

presentefivin Table SO* I t  ia  seen from these data  th a t  the ex tra c tio n  of 

nsptaaltiBi^iasreases with increasing  n itr ic  acid concentration  and tesspezature 

' ' l ^ ^ e | i ^ i i g I e | i g h t 3̂ .w iS v iT O W a ^ 'h itr cm  aoM  concentration'in  the 

z&gge of 2»4 K n i t r i c  acid*
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A ftar th© add ition  of HaHOg the paras process feed eo la tio n s  u*® 

aisod fey a i r  sparging0 I t  i e 9 therafcrog eomidased desirab le  to study ths> 

s f f e e t  of bubbling a i r  a f te r  BaHOg ad d itio n  to  Zip(Y) before  eqn ilibzateo^ tites 

s&ne w ith TBP. Table 21 gives the da ta  on naptsnius e x tre e tio a  In to  TBP in  

th© presence of uranium a f te r  bubbling a i r  fo r  15 minutes to  th© so lu tio n  «j? 

Hp(v) in  n i t r i c  a$fl n itro u s  acid® and then  leaving fo r 2 hears before isq n ili-  

b ra tin g  with TBP* F rm  a  eempsrieon of the data  presented in  Tables £0 and 

21 „ i t  oan b® said th a t  air-apearging has l i t t l e  e ffe o t on the  ®£tr®otion of 

neptunium.

The ro le  of n itrous aoid in  the e s id a tio n  of Bp(v) to  Hp(VX) in  n i i r i e  

aoid eo lu tio m  may fee represented by the equation ( l )

The ox id ising  ayatrna l?0^/HiCg whose p o te n tia l may be w ritte n  as im equetioa 

(a ) depends on the s o ld ity  ( to  tha th ird  pores) on ©@e fas®Sff

i s  nor© oxidising i f  the a c id ity  I s  h ig i  and oaneantB-stleB tewo ’Ta©

ia  a fa m ilia r  fs'a-tyi-g o f the purex process# float o f the reducing agents'

2 BpQ* + HO” * 3H+ — ■—-*> aHpÔ 2 * HHOg * B̂ O ( l )

(2)

and on the eonsentration  of EHQ* ea tha ©thar» I t  i s  c le a r  th a t iM s eyete®

oxidation  is  more favoured in  th® presence ©£ s .o s !p te i^ ;,',;ageatB' llk<r;ti£F- - 

which complexes and e x tra c ts  Bp(7l)« Th© x e le 'e t  B itsoae acid  In  tha OES-datioB 

©£ Hp(v) to  Hp(vx) In  th® presents® ©£ ®BOP mS. uranium haasM ra ^ ^ ;;b®®n'dia^Bs©i 

in  tha section. 2o3«

6« HBStiCHOH of m ( w )  to  h f(xv) m  u(x?)

His separa tion  of plutonium from titanium fey reducing.
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d e s e r lb e d ^ ’ ^  fo r  tha purpose o f separatism plutonium from uranium in  a 

so lvent ex tra c tio n  jwocobq in troduce “ foreign51 substances in  the system 

@=go$ cations l ik e  S'®*® and F e ^  and anions lik e  30^® which d is tu rb  or 

oosplicete  the eubeetpenfc p a r if ic a tio n  steps am algo add to the problems 

o f  corrosion, end waste management. Sines tha conditions can e a s ily  be 

chosen ao th a t tha tetra and heac&valent ac tin id es  p re fe r the organic phaae 

while the t r iv a ls n t  ac tin id es  remain in  the aqueous p h a s s ^ ® ^ ^  the  use 

o f  U(lV) m  an a lte rn a tiv e  to  ferrous sulphasata was studied by severa l 

w orker© ^"40 ' « -ds I t  is  proposed to  use TT(XV) as a reducing agent in  th© 

p a rtitio n in g  qycla of the purex process in  the PELEFRE Plant a t  Tarapur i t  

waa considered in te re s tin g  to  eteidy the e ffe c t of u (iv ) on th© reduction  

©f $?p(Vl) and Np(V) to Hp(lV) under tbs pares process eorrlitioHSe

6.1 Eguariiaental

€•1*1 Prep ara tio n  of UCl?)a Uranium (X?) was prepared by e le c tro ly t ic  

redaction  of 0=1 M ursnyl n i t r a te  so lu tion  ir> 2M n i t r i c  acid  using  mercmy 

c a t h o d e a n d .  was estimated, speetrophotom etrieally  by adding an esesee 

©f fo ra is  ch lo ride  and o^phenaathrolina to  a  known a liquo t o f U (l¥) and
C *10̂measuring th© ferrsiae phsn& ntksslim  a t 59,6 m̂a a The reduction  a t 

F e (H l) 't©  F a ( n )  by U (rr) i s  rap id  and complete^41 K  M  U(iv) ie  rap id ly  

oxidised t o  U(¥X)^4^  ia  the psssenoe.of n i t r i t e  ions th is  was s ta b i l is e d  

toy k i l l in g  MOg v&tu hydrasira  = Th© aasunt - o f % dsaaiss i 9  U(XV) waa elea 

estim ated apeetE©p2aotometrieal3y by iM plexing i t  with p^dimaihylasnim 

bsnsaliiel^de^4^^ ® „

6o1 <t2 fegenaration of ifol?) and I?p(Yl‘l a Sepiianima (?) was prepared ia  t te  

earner ^ y 'a s  -deaoazibed esaeUsc ia  section 5-«̂  °3 • HeptuhiuiB('Vl) was prepared 

by ffiidising the septatiluB. with igOa - The seceee o f J8g(ll) was destroyed 

by teatlagw  - -



6.1 .3  Procedure* An a liq u o t- o f Bp0 0  or Ip(V I) was added to  a  so lu tion  having 

known uranium and n i t r ic  acid  concentrations and an a liq u o t o f U(Xtf) m s then 

added to i t  to  gjvo the desired  eoassntzafcioii o f  y(lV ), After allowing the 

reaction  to  proceed fo r a desired  length of tim e, e ith e r  in  presence or 3n 

absence o f  l ig h t ,  the amount o f Sr-'IV) fom ed was estimated by removing an 

a liquo t from the reaction  m ixture, ad justing  i t  to  1M In n i t r i c  acid and 

ex trac tin g  the Hp(BT) formed by 0.5 ^ Hydra s ire  concen tra tion  of 0.02 M

and neptunium concentration of 1=1 OyUg/tal were kept in  a l l  the experiments as 

i t  was observed th a t the r a te  of reduction to  Hp(lV) by 0(lV) m s  not a ffec ted  

by varying the amounts of hydrasim  in  the range 0.01 -  0 . 1 M and mpt'irtiim 

concentration in  the range 1 -  10yug/iol. In  i me experiments w ith %  (VI) p 

Hp(VI) was ex tract"*  in to  JCF/o TEP-SST along with 13 (VI) (to  g ive SO mg/ml 

uranium in  the  organic phase) and th is  was eq u ilib ra ted  fo r  a  d esired  leogHi 

of tin® with an aqueous phase of the deaired concentration of U(XV) and aitrS® 

ac id . At the end of the eq u ilib ra tio n  su ita b le  a liq u o ts  from both phases w@s© 

removed fo r  ganma counting.

6*2 Results and observations

The ra te  of reduction o f Bp(V) by V(XV) in  n i t r io  acid  i s  accelerated  

by the presence of uranyl a itra t®  as seen from th© data presented ia  Pigim. &® 

Figure 7 shows the e ffe c t o f B (l7) oonoentret.ioa en the seduction of 2*o{f’) » 

to  Hp(lV) in  the presence o f uranium in  1M n i t r i c  acid and in  Ha© absen©© of 

l ig h t .  S im ilar data in  the  presence o f l ig h t  a t  room tem perature ( 35°g)$ 

45° ami 60°0 are  resp ec tiv e ly  shown in  Figures 8=10. Figure 11 show  the  ■ 

e ffec t of U(XV) concentration  @n the reduction o f Mp(v) in  the  presence o f 

uranium in  2M n i t r i c  acid  a t  room, temperature and in  the absence o f .lig h te  

S im ilar d a ta  a t  2 M n i t r i c  acid  in  tha presence of lig h t a t  room iempeKa'Iro®, 

45^0 and 60°C are  re sp ec tiv e ly  shown in  Figures 12-14. Figures 1.5 and .16' 

show Hie re s u lts  on the reduction  of Ip  (VI) by U(iv) in  the absettsS o f l ig h t



-  17 -

a t  1H and SI B itr io  Bold ooBeentr&t.iems reap so tiv a ly . Figar© 17 shows the 

re su lts  on tha  radii etion of Bp(?) as @eU as Up(Tl) a t a neptunium concen

tration of 40yug/®l in  1M n i t r i c  eoid by 0»2 mg/al U(H) In  the preeanee of 

HO mg/ml urangrl nitrate both i a  the prsaene® a id  the absence of l ig h t  o

In  the jaijfss process U('£W) w ill b& in tro  dialed la  th© p a r titio n in g  

eyele wteeara platoniiimg u ran lm  e%d Raptttalma era p resen t in  fee organ!© 

phase» Bsno© i t  wa® e f in te r e s t  to  study the rsSeotlon of Ep('fl) in  the 

©eganlo phase with U(lY) in  *hts asueeue phase. Sigttrse 18 and 19 show the 

re s u lts  o f e q u ilib ra tin g  Hp(YZ) present in  TBP along w ith ^  60 rag/ml 

o f UESiriyl nitx& te w ith U(l¥) p resen t In  the aqua mis phase a t  1M and 21 

n itr ic  s a id  a?eQpaeti?©lyo

6eS@1 B ffeot o f l ig h ts Ths d a ta  presented in  figure 1? and a 

@©$ps&i@ea of' the data  preseated, in  figu re  7 w ith  figure  8 and th a t  in  

figpr© 17 w ith Figure 12 r©w&l th a t the presence of l ig h t  eo ee lsra tee  

the ra te  of red se tio a  of e i th e r  Sp(Vl) a r  Bp(v) to  Hp(XV) h:f TJ(I?)e

6$2.»2-« Bf.feet o f teraperatarea $ae data  presented in  F ib r e s  8=10 sad these 

1® Figimsgil 2"“14 iw o a l th a t  eya insreas© in  tempezatura fsw u re  the fo sss- 

tioa , o f % (X?) agprsoiBblTe.

6i,20J Bffeot of nitrite aeid ooaoeatratlofts Tto© data prsaanted In f lo r a s  

7=10 h$$E: "thbaee in  F%Ma@ '11-14 show that higher the n itr ic  acid concen

tration ■ fe s te r  the redaction of Hp(?) ■ to -8pC$9)e

6*2.4 S ffeo t o f U(l f )  eoaesstfsraMgls ffia® d a ta  presented i a  Figures 7=14— w "-e • * ' . r̂ >ŵ«ĝ-n-̂ »̂itâ wrg-naanJg.-Mg«eigaSB/iBn<i3S3 «—

show, th a t U ls te r  $ ( iv )  t ^ncen'&r&tton etsase© faster- re&a©ti@n of Isp(V) to 

■■'NjstnK-'



6 .2 .5  Coagarlaon of the rsdv u  of NP(VI) and % (?) b?r u(XF)g I t  ia  seen 

from the data presented in  Figures 7 and 11 and those to  F igures 15 and 16 

te a t  tiie -eduction of Kp(¥I) o r Sp(V) by U(,T?) under id e n tic a l  conditions 

re su lted  In the same amount of Np(l?) to  a  d e f in ite  period * S iis  observation 

is  contradictory  to  th a t  reported by EaXoran ©t who observed th a t to®

reduction of Np(VI) to  Bp (XV) by u (iv )  was fa s te r  than th a t  o f Rp(V) to  h p ( l i ) .  

To reso lve th is  discrepancy the experiments of Solemn a t  a l w e r e  repeated  

and toe  re s u lts  are  in sluded to-Figure 1?« Tne date to  this? figu re  to iioat©  

th a t the  reduction ra te s  o f Hp(YX) and Bp(¥) are  oloa® to  each other,, the 

reduction of Hp(V) being s l ig h t ly  f a s te r  than ih a t o f Bp(VX)« I t  say be 

in fe rred  th a t the reduction of Np(Vl) to  Bp (XV) by B(X?} i s  a two-step process fl 

i . e . ,  almost instantaneous reduction to  Bp(V) and then slow reduction to  lp (X f)a

6 #2o6 Reduction o f Bp(VI) in  TBP by aqueous tF(XV); Fro® too -date, presented 

in  Figure 19, I t  is  seen th a t  about 25$ o f  the neptunium' a o i to i ty  s t i l l  

remained to  toe organic phase when 1 mg/ml o f U(XV) to  2M n i t r i c  aold was 

eq u ilib ra ted  with 30$ EBP eont&totog Bp (¥1) and U(VI)» I t  i s  lik e ly  th a t  

Bp (V Iw h ic h  might have almost instantaneously  reduced to  Bp ( V s ig h t  have 

fu r th e r  reduced to  Bp(XV) (especia lly  to  the  presence o f B (H ) tSiitih ®eo@lemt®s 

th is  seduction) to ich  i s  estsactabl®  in to  30$ TBPa to  o rd e r to  confirm th i s  

an e&peristent was c a rr ie d  b u t '*her®to %  (VI) to  thO sVJRP phase* to  the. absence 

o f 1(V I) was eq u ilib ra ted  with 1 mg/ml o f  V (l¥) to  gM n i t r i c  aoM 0 Xi -«as 

found th a t  a f te r  20 mtoutea of eq u illb m tIo n  . only 6$ -

remained to  the organio phase concluding thereby te a t  th® absense-of ,1(¥X) 

re ta rd ed  toe fu r th e r  reduction  of - Kp(V) to  Hp(X¥)e..
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7*1 M B & i £ m M J d M l M j £ 2 2 s I t  is  known th a t  rmstemm ooextm otien  of 

neptunium i a  the  jrarex process s i s  possib le i t  is  p raaeat ac Hp(VX) ia  

the feed so lu tio n - S elective  oxidation of Hp(V) to  %(V2) try V(V) was 

reported fy  Bakes and m s  eueooQefiilly used fo r  the ccex trso tio n  of 

neptunium by Bahr and K oeh^^®  To achieve th is  i t  m s p r o p o s e d t o  add 

¥(V) to  the  feeds of the f i r s t  end second cycles of the purex process to  

cause s e le c tiv e  oxidation o f neptunium species to  Bp(VI). Under these con

d itio n s  , i t  i s  necessary th a t  plutonium should remain aa Bu(lV)* Hence i t  

"ms considered re levan t to  study the e ffe c t of V(v) on the ox idation  s ta te  

o f  Pu(XV)9 under the purex process conditions a

7 91 -1 M nerim entals A stock so lu tion  of Pu(IV) was prepared by adding s. 

l i t t l e  E^Og to  a  plutonium so lu tio n  in  8H nitric acid  and then destroying 

th s  excess by h ea tin g e Vanadium (V) so lu tio n  m s prepared by dissolving

l«Be grade in  d ilu te  sodium hydroxide so lu tio n  and then n i t r i c  acid

’was "added to  i t  to  give the  a c id i ty  of about 3&® The concen tra tion  of v(v)

" xs®' estim ated by reducing V(V) with excess F e (I I )  to  V(IV), ox id ising  the 

excess Fe (IX) by pesoxy d isu lpha te  and then t i t r a t i n g  V(2Y) w ith  standard

KrfeO, s o lu t io n ^ 8^» S u itab le  aliquotB o f Fu(IF)9 V(v) and n i t r i c  acid  a-ra
4 , ■;

mixed together to give toe dea5rQd 'tioncetttKa.tiom» The experiments were 

rtawisM'- o»fc in toe tffliae«cav ftffliaht and- in  a- few eases ia  toe presence of 

;S u a b le  aliquots from toe reaction mixture wage withdrawn at 

variras . t &3 intervals $ and after  adjusting- the •• acidify- to 1M- -in a itr ie  acid 

to© S iW ;) W :y*rtotoff' iritfr '-0«5 -2E"®2&.  She plutonium toieh ® a not 

,extracted tgr ®EA was taken a s  '.-to®. amount - o f Ba(Vl) .-formed by- oxidation das
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7»1 *2 Basalta and Blaeussiom  fee  zeisulte of tha axperiaesta  ca rried  o a t to  

study the  e ffe c t o f Y(V) ea Pu(JV) age g iv e s  ia  Table 22» f r e e  theso da ta  i t  

is  seen th a t le s s  than 1 0  o f Fu(l¥) was oxidised by V(V) and th a t  the  presence 

o f uranium has l i t t l e  influence on th is  ox idation , In  th e  purex process feed  

e o la tio n , however, even th is  ss&H amount of Pu(¥I) thus formed w ill be reduced 

to  Pu(lV) by n itro u s  ao id  produced z a d io ly tic a lly  fe ieh  w ill  a lso  reduce most 

of v(V) thus preventing the oxidation o f FuClV)* I t  i s  an tic ip a ted  th a t  th e  

add ition  o f V(v) to  the  feed so lu tion  ( f i r s t  cycle o r second cycle) w ill  s o t  

have any adverse e f fe c t  on the recoveries o f plutonium,

7c2 The p o r t a b i l i t y  o f H o(lf) and Pa(lV )i ihen  V(lV) i s  used as fee  p a r t i 

tion ing  agent, a  major frac tio n  o f neptunium accompanies the  aqueous stream  as 

Np(v) assuming neptunium to  be p resen t a s  Hp(Yl) in  the  loaded organic stream  

entering  the p a rtitio n in g  o o lu ia n ^ 9̂ ®  However, i f  neptunium ia  p resen t ia  

the loaded organic stream  entering the p a rtitio n in g  column as  Hp(lV), i t  can 

be made to  follow uranium in  the organic stream by a  c a re fu l choice of n i t r i e  

ac id  concentration  ̂ ^  irresp ec tiv e  o f the reducing agent used fo r  p a r t i^  

tion iuge  So achieve th i s  condition, i t  i s  necessary ..that fee  feed to  fee  

second cycle should co n ta in  neptunium a s  Bp(X?) and plittmtium should r s s a ia  

as P u (H )e Champion agd Gfcssne have esfeb liahed  fee  oonSitionB- fo r  

s ta b i l is in g  Hp(X¥) and Ba(I?) to ge iher.l^ ' e e n tsc llisg  th e  Fe*2/Fe"^ r a t io  is ;  

fee so lu tio n , - However g-.- Shis would zequise ezceee ©f P s (H I )  iadded .to fea  ... 

so lu tio n  and t h i s ; mmM add a  la rg e  assmmt to  ihs. w astes, I t  say  b©

convenient to  prepare H p(l?) anS. ^is.{Ti) together by f i r s t  reducing fee  a i ^ t e e  

o f  neptunium aa& p lu te r,iu a -to  3p.(X¥) aad F tt(IH ) .by fearqus sulphsmt® b s  .. 

H($?)-and fe rn  seleetive^r.; o s id iiia g  H u ( in )  to  Bu(H ) by n itro u s  aeM c



M  seen fee s  the  d a te  presented 2s eestlm . 5*2 H p(H ) i s  not ai.’fe s ted  by n itrsn s

e e ld  undes these aeeM ilonso The s t a b i l i ty  o f te e  2 p (I? ) e a i F n (H ) s ister©

S gsinet oxidBtioa»redsotion needed in v es tig a tio n . She rsdox p o te n tia l o f the
(52)

Ra(XH)/Fu{l?) couple in  1$2 ac id  so lu tio n  is  -  0.92 1  and te a t  o f  the % (I7 ) /  

Hp{¥) couple ia  * 0.74 Fro® these p o te n tia l values e i t  i s  seen th a t  the

oxidation of % (£?) to  Hp(7) by Pu(X^) is  teszsssdpssaleaXSy p o ss ib le . She sa te  

o f th is  ox idation9 under tee  puses process conditions a t  room tem perature m s 

s tu d ied .

7 .2 .1  Esserisssntals A s tesk  so lu tio n  of S p (l?) @a prepared as  described  i a  

sec tio n  5*1*2 and a  stock so lu tio n  o f  ?u(lV} m e  prepared as described ia  

. . sec tio n  7*1*1. S u itab le  a liq u o ts  o f  % (!? )  and F u ( l i )  uure p ip e tted  in to  a 

so lu tio n  containing kaoum concentrations of ur&niun end n i t r i c  a c id . She 

e ^ e r ia e s to  uen© carried  out i a  te a  absence of l i g h t .  Aliquots o f t e l a  m ix te e  

were, withdrawn g a t  d if fe re n t t in s  in te rv a ls  g in to  ,1M n i t r i c  acid  and te e

. ox idation s ta te  o f  nspfemixm ^3,s_ determined h r e x trac tio n  with 0*5 s  ujjML Tm

. soptusiusi tiiioh  r a s  n o t ex trac ted  by m s taken &e te e  ascunt o f Bp(V) forssi. 

by oxidation d u e /to ; £Na(H) a

:7=2C2. -Sam tltss . -Fee e ^ t e b S l i t y  e f  % ( !$ )  esS Pa<Br)  In  a  sy a te o tte  © olutiea
- : -  ?  r ; _ ; v . , - ;  • .  -. p  v  :"

s t e l l a r  t c  te e  espeeted feed s o lu tio n  in  the  Sasspus? SBBHS p la s t  m a  stud ied  

■ •vapfi tee  r e s u lts  eaBSf.vgifea'iii Sables 25 osd.-24* Fstia-1866s6'5®fcae i t  3s seen 

' te n t  coze -S ^  o fv% ( l f )  s®!Bla3:ia o x £ d ise # & " te e p re se n c e  of-l-'a(B ')

0  hems* ©wiffvit'-iS:-possible'-“.to '&eep-8p(2ff.); 6$3 --'Ste(xy) tegsteer to  cbbbo te®Ir 

- - 9©®6^rasti.on w iteduf; tee seed to  - aSA any esteessl' 'sesgent' fo r  th is  paspoeo.
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7*3 Oxidation,of Ifo(XV) tyLi^(gVjLat_j;^

To reoovar any neptunium which follows plutonium during the partitioning 

step# which can happen ifoen neptunium is  present e@ % (H ) in the leaded esgasil© 

stream and U{IV) is  used aa the partitioning agent $ i t  ie  necessary to fo$®e 

i t  to the raffinato of tha plutonium purification cycle* This can tie achieved 

by adjusting the oxidation sta te  of neptunium in the feed of th is  cycle to  

%(V). The plutonium product stream from the partitioning oolum w ill ©©at&Sa 

neptunium mainly as Sp(V) which w ill ba reSueod to %(W ) by tf(l?) during the 

hold-up period» tfhen th is  solution containing P u (lll)  and % (H ) is  e<mSSti<is®& 

with n i t r i t e ,  to oxidise Bq(III) to Pu(lV) for plutonium purification cyoleg 

the oxidation sta te  of Hp(lV) w ill remain unchanged* The feed tlius conSitiOBeS 

for the plutonium purification  cycle w ill aontajla'tieptpBiua m  Hp(H) m ish  s?ill 

be ooextracted with Pn(l?) ia  tiiis oyolti* To p re w n tth is  of

neptunium i t  is  necessary to  oxidise Up (l? ) in  th is  feed to" the senextmcet-aM© 

Hp(v). As the oxidation of Up (XV) to Np(V) by Fa(XV) a t  room. ie ^ s s & to s9 ®§ 

fsund to be very slow as seem from the data, presented ';i&/section’7«£«2* ■&© 

earns, wag attempted a t  higher tieepemiuras and the resu lts  a re  reported her©®

7*3«1 Expsr&asatalg Hie experimental psooedure for these esperiseatig i s  tfe© 

same as that described to  section 7«2«1 except that w m iw  i s  absQnt ia  ilas 

present experiments®

7®5»S Basalts and discussions The data obtained on the oxidation of % (H ) 

by Pu(Itf) a t higher temperatures are glyen in Sable §5® I t  is  seen fro® thas® 

data th a t Sp(ltf) can 'be oxidised almost quantitatively,, in  21 n itr ic  a@Ms by 

Ra(XV) a t  higher tensers t o e s « The composition of the solution-,used S te  th©®® •«; 

studies is  similar to the anticipated feed solution composition of the p3ffitffi@IN
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pmelfSca.tion eyele in the fcesgm? Plant araumbe 5G  ̂and iGCfS of tho to ta l 

BSp-$rmlaa follows the plnt-oalras s iraaa  during lia© partitioning step 0 She 

feed teaks of the plntealm  purification  oyole In ifo© SampsB? plant aso 

provided with hetiSiBg ^aokata aafl •Bie hold-np t ls e  In theco tanks la szgaeted 

to  be 55™4® EteuteSo' I t  is* th e re fo re  possible te  oxldleo Bp(Xtf) Sa th is 

feed to Hp(v) in  th is  period of t i s e e All tiia neptunium present as %(w) 

w ill thon follow the atpaeea m fflna te  from ohicb neptunium ©an b© roswared 

e ither by oomMsteg I t  with the raffSnate from uranium purification ©yols end 

using eaiea exehenge prosees os? by teokoyeling i t  to  the presses fo r the 

©setimOBtion ©£ nsginsaius*

■iBe' o om B osm s

I t  i s  m m  £zQ%. ihs data presented in th is  report thate 

i ) ' .asptim lw exists mainly as % (?) in the feed of the ©odeooatamimtioa 

oyel© of the pw®s preoeese As % ( i l )  is  tiie &ssS ©straetable oxidation sta te  

of s lp tm im  UB$ ©£ ss its ss  as id os- vanadium (?) to  eauee the oxidation ef 

m^ttaniwa to % ( f l)  would-ba maaseary to'eehiewe the Kea-isum ooextraetioa oS 

ja^WnSm' ■& the  p$is$ pz-seasa *

.IS); 'SfW-'Bt tespem tares npto 60®8 I t  3s possible to o eex teo t

aeptmdtim vMah was present in  the feed e ither as Bp(V2) os? HpC^) by & 

suitable ehesMo of l ie  n its ie  esM end tosntea oonsentmtioas o

iii)Edfe£tsa soM ho'ips i s  tlia estz&ssilon of a©pt®iiuin6 especially a t  high 

'■• -seiS- •oeesoeaisatioa's by 'SBP evea i f  i t  was originally present as STp(V)0

■»;jltoo '©ees*. Sisit nitrous acid hae no effect on .the oxidation s ta te  of 

lp (H ) under th© parex procees conditions»



iv ) W a a isa (lf) xei&eed a lso st iaataattoeensly 6® % (i') m &  that toaftbMB

redcation to fp(X?) ie  s lew . Yttoa the ua» o f 9 (1?) es  the partitioning: ageivt 

would oauae diwersioa o f & anjor fraction o f  &sptosi«tt to  the, plutonium s t m s ' 

i f  the nsptuniw  in  the loosed osganio stream entering the partitioning oolvam 

flee present *a Hp(Vl)»

v ) the use of redox reso tim e involving V:(^)6 Hp(X?) and Fn(l?) end teap«ee*ore

gives various® alternatives to  foroe neptimiim to  th© desired' ®teasm*
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M M J .

Q m B B m tB is m  m  h p (b )  ob t a f j

[HlO -  1-2 jlg/islg 1 Ig [w ] •  100 sg/s&B C»o®®3 •  M X  1

Total la  a 10 ®gg WXtass ©f oeae® EP @M@& q 1 @lg Sefc&l v&ixim @ 9 eS.

®s* In i t ia l  to ta l ®^Bp fiss&l a®Hp ae& vity le f t  ia  $  Ip f lt)  W@l®S 
Bo« a ctiv ity  6 cgia the gapegaatof sga oa &afg

1 52267 990 9a«l

2 92510 676 SBof



2 H M JI 

m  01 ^

f lp j  ■* 1"2 pgr/til § [HBO^ Q 1 H| f e t a l  l a  a  10

& 6
io»

¥©ta© as? 
oasis* HP 
®SSe8e 

' @2. -

fa ta l
w !m a9

sal

I r i t ie l  to ta l
‘̂ S p  a o tiv i^  

©pa

PlesJ, *59 egtiw it^ 
le f t  ia  "Si® mpterKSte 

epa

$  lp(¥) 
sassieS 
©a Ls?2

a t 9 71184 4059 94*5

2 I 9 7§9 IS 3150 95*7

3 1 9 75208 2866 96.2

4 2 5 297695 588 99*7

9 2 - 5 • 207695 m 99*7

6 2 5 207695 m 99.0
1
f 2 3 207695 513 , 99*7

S®$@3 M f)  ®»$# iii  <Kpei?iBeata isod-J sag psstipesa 6gr ©si&iaia® Bp in

11 EE^, ©ith 0*©2H IgSrgO^ ss-i thea $©6&el0g i% to Bp(” ) with 

4=5 Bg/al o f M Og e . 3p(v) $ise& ia  expeslmeBie aQ=4°? wasi psagM-Qg. 

%  ®lflati©a of Kp(I?) fsem *v f ^ § l  HiO  ̂ bgr kespisg i t  i a  a h@t 

w ates eatfe f a s  ©boat 2 h o u se .



m & j .

GOPRBGIPI-B'TIOB OF Mg(?) 03 $K U m m tB  CP UHATOM 

[Np] ■ 1-2 p s / s l 3 “ 1 M» C®] -  1QD ffiffM

Total voltassa a S 4 ) I n i t i a l  to ta l  a s tiv ity m 510305 cpm

Ex.
Ho.

Amount 
o f La,

SBg

Volusia o f  
cono. HE
added,

ml

Pi m l <”̂ H p a o t iv i ty  l e f t  
in  the eupercate, 

opm
earsiad
oa laP™ 3

1 10 1 0 100

2 10 1 300 99.91

3 10 2 100 99.97

4 10 2 65 99.99

5 5 1 410 99.9©

6 5 1 295 99.91

7 5 2 430 99.87

8 5 2 235 99.93

‘tv*Trr*B~iiiiu f tiw iiiiiy in. T fn T * ^r^ j*^*, ' '  ijijm  “tn^lrm ill Hull if T in  'i r - *--;1*1- 1i — |—

Note? Np(v) was prepared "by escidistog' I5p:in  *5 M KHÔ  with

0.01 M e e r ie  ammonium n i t r a te  and then reducing i t



W a A

t s w B m m w m m  o f  bb(vi) 01

[%3- •  [®%1 « 1H» [d©(H)l .  OeOl E

& m w %  & it M> e» 10 tags ¥©las© ©f ©»ao. HP added s-lol 9 f e ta l  voluea e 9 ml

CBWBVIiWaWU-tg^BVMW’t l l

Hr <Jf©»

sjmfflmwamrgrrwTTyTimii^.vrniTiiTin^ii'iMl'iriirtrLjjiiBi 'iiiw m in

M t M  to ta l  89%  
agti/d/tyo

©ga

F t e l  ^ Up a c t iv i ty  lo f t  
i a  tbo eapsffBate® 

ops

~?"Bp CWT"
e a rrisd  sa
MFS3

1 .193098 193540 111

8 sm ai6 204660 B n

3 91086 91855 Bil

4 90540 91705 Hil

5 9H44 91912 Mil

€ 93398 94090 l i l

'7 131112 132971 i l l

e 148068 146632 Hil

.........I3MOS 1323©! m

10® 129J04 158585 i n

- & i S Es?a@iti0 was praseai i a  t^isse ©spasiEseats



T ab le J i

a s m 'l l  OH STATE AHALYS3B OF IB
THE FIRST CYCLE FES)

Sample
No. V  "

[Total Bpj, 
j ig M

ftpO TJ
p g M

M V )J
jag/al

D ip (n )j T te  elapsed 
issplisag and

1 5-? 1.09 0.35 0.69 0.05 5 weeks

2 4.@ 0.9© 0.35 0.66 H il 2 Says

5 4.0 O.yQ 0.35 0 .S5® mi 2 days

4 2.2 1.83 0.07 1.75 H il 3' weeks

5 1.9 1.48 0.01 1 4 9 Nil - 2 days

6 5-5 0.96 0.07 0.94 H il 2 days

7 3.5 O.96 0.07 0.92* Nil 2. days

a 1.9 1.74 0.02 1.66 0.06 4 day®

9 3.6 1.00 0.09 0.®9 Hii 8 days

10 3.6 1,00 0.09 0 .91® B il 2 day®

1 No. 1-7 feed QdBditioisd with SfeSOg i|:|p sz  

Ne-®-10 feed 'J  _

* i NpC?) assay by .uqipg„h33<dir«B to  sememe % (W ) .end S p ( il)

*» A otdlty amlys&ss da ta  ob ta ined  from fee esatscsl lebnpatoxy* 

Plutonium 'Plaate



Equn.BPJDM MTA ASS mmHON OF THE M5ERBDHGH COEFFICIENT Of HHB1C ACID,
; ,;r? ;hC^)V j h Cv i} mb bp(xf) with cbgahc p s s b  heahdm coscBEBBsnai

Itit& al obBeeatsatieii o f EEQ̂ . in  Aq.HiBse <=> 1 M 

:STt3aps$attis® m 45*0

fisp-fc =' Initial Etpilibrium concn. Equilibrium Acidity Bis trlbution coefficient (K̂ ) U(Vl) KdKp(Vl)
: r Ho. cones. of tj 

ia iq=plie.38 •
■■mg/ml-

of
Act.

: .mg/ml H U £4 mg'"
k^ pTvU K ^ s y

Org. Aq. Org. hho3 s-p{if}

■ Q-. 0 1.02 0,19 0.19 3.60 o.eo -— 4 .5

,a ' w 2-7*1̂ 4-4 22.8 . 1.05 0.16 O.15 5.17 2.81 0.54 1.84 5.2

pi;'; -:54.2 ■ 10.S 40.5 1.08 0.13 0.12 3-84 2.10 0.36 1.83 5.8

4 . 103,4 32,9 66.3 1.13 0.10 0.09 2.08 1.20 0.19 1.73 6.3

5. 162.6 - 66 el 83.8 1.14 0.007 0.076 1,2? 0.76 0.12 1.67 6 .0

5 216.8 104.0 98.5 1.17 0 .07? 0.066 0.95 O .52 0.087 1.63 6 .0

? 271.0 162.0 101.0 1.18 0.068 O.O58 0.62 0 ,58 0.071 1.63 5.4



sq n sm iF M  n m  iim  vml&tioh of m s  z sstr ib o tzo b  co£PPicm «nr op m usic a c id ,
0(71)f Hp(H) Am Sp(T7) m s  <®GAHIC PHAS3 ORABIDM COMCEBEEmOB

I n i t ia l  ccnca. HISOj in  Aq. phaee « 2 i  

Teaperatar* ■ 45° C

Bspt o I n i t i a l  Squilibriuc cdncn» Fquilibriua Acidity D istribution coeffic ien t (K^) £ ,0 (H ) KyltpCTX)
' :ho° —  ---------- -----  p ^ w )  o h m

5 / S  fcg . iq .  Org. HKÔ  0 (7 l) Kp(VX) Bp(ET) 6 d

1 - O^1 ’ 0 0 1.95 0=474 0=24 •—=** 7.91 2.34 “ “ 3=4

V '2 2.64 28.0 2,08 0.375 0.18 10.6 5.64 1.52 1.88 5.7

■;: 3 '-..... " m- ?.65 51.3 2=16 0=283 0=13 6=7 5-64 0.89 1.34 4.1

; 4 120 52.0 84.8 2.2? 0.183 0.081 2-65 2.42 0=34 2.8? 4.2

:>5 ; 160 ■ T t #  : ' 94.0 2.34 0.139 0.059 1.21 0.70 0.17 2.75 4=1

; -340. 130 . o ;: 105*6 ; 2 ^ 5  , : ; 0=102 0.043: 0.81 0.45 0.13 2.80 5.5

!1e ;- M l'4  ; 111.0 2-39 0=093 . 0.039 0.60 0=33 0=11 2 .® 3=0



m m  mm T iB im o i cf $hb ssiHBOHOH :ccEPtfem$f c r s m i c  iss®9
v { m ) i  spC e) m  ap(jor), t a t s  w s i d  coHCEHmraoa

ccmegnteatioa o f  @0^ i a  iq,phss@ ® 3M

Ikpie 'I n i t i a l
IfOe xeqseA® OS If 

yin-4|>phFse

,fl«g^»ag*^Jf«a*gy^^>^CTf^rerff^-T*TTr^frM^rnrt^wâ fTrg'>,'”,Mlfw **T**r*‘T Tr,,"rnaTr^TT"l**'*lTnri1iTTrwTri !!■! ■!■< iii hiimi ill Mlh Ml iiiiyimiiiii i aiPiiiM i n II ■» im ■— ml uniiui iM̂rri Tir n i f  i i  THH I "lih I II > Irf I I ■■hill . .

^eiilibriuiic coho a . Equilibriiua Aei&ltjr M stsibation  coeffic ien t (K.)
. .Of If,

lq«
umiinm  ...  n hi... in r nr ii~ wnni n iniiitrniiwni— iiiiirnun miirr n miri winiminiunirmnmiitiiii iii»«mi>i>Tinin i mrni’i
Org. WQj U(VI) Hp(Vl) Hp(lf)

s fl u(h } fy$g{n) 
^ kpTET ^ J S R n J

g \ / . : : s;;;; J 0 2.9® O068 0.23 10-79 4.05 2.7

2 . "30 " O s 1' '""'"'27*7 3.13 o , $ 6 0.18 15.10 7.52 2.65 2.00 2.8

3 60 6*08 $ l o 3 3.27 0.44 0.13;- ’ 849 4 M 1.61 1.82 2.9

4- 120 27.5 86.6 3 4 3 0.26 0.075 ■ 3-15 1.51 0.55 2.10 2.7

5 180 73=4 _ ; • 30aO ■ 3.54 ■ 0.16 0 .0 5 1 : 1.34 0.67 0.25 2.00 2,7

6 240 12B.0 102.0 3-59 0.15 0.042 0.30 0,45 0,19 1.86 2.5

T 300 183 .0 116.0 |.6 0 0.13 0.036 0.63 O.30 0.16 2.10 1.9



BiUILIBRUm SATA AMD TABXMTOIi OF THE D33TBXBDTI0H COEFFXCXEHT OF BITHIC ACID,
U (V l}e H p(H ) MD H p(l7) WITE QP.GABIC PH4SE WSIULI CQKCEBTBAKEOS

In i t ia l  coneentraiiok o f HEÔ  io  Aq.pheae » 48 

Teaperatare •  45*0

: Espt* 
So.

In itia l, 
esscn. o f G 
ia  Aq.phase

Equilibrium eonen. 
■’ of G, *$g/ml

Equilibrium Acidity
■ W '

D istribution coefficient <*«> Kd G(7I)
i /p T r x l

KJlpCVl)

Crg. 4q- . Org. EHOj G(71) Sp(vi) Hp(nr)

' ' 1 0.K 0 0" ■:-4vp0 " O.85 0.21 ' 12.53 6.20 - p— 2.0

£r 2 .. r — 30 1.64, 27.4 i : 4 .0 9 - : - 0.65■ — ■ ■0.1b 16.71 8.58 4«12 -1-99 2.0

3 60 5.21 5 1 4 4.26 0.50 4-99 2 4 8 1.96 2.0

'..4 120 50*6 85*2 4*53 0.27 , , c, 9 .Q6 i 2 .?e 1.36 0-79 2.04 1.7

J  ■;;>§ ■- 3.80 78,6 100*5 4-70 V:7; 0.20 . ^ 0 4 2 :, 1.26 0.64, 0*40 2.00 1.6

-240 i£ ? .0 ' m « 5 : 4«1T;;'>K ■ & ^ Tŷ . t a 0 4 0 0*© 1-95 1 4

■L;5P' \  . 193oO ' r 107*3 4*74 - H ;:i i b  - 0.052 0.56 0.29 0.26 1.33 1.1
-• ".V '■-

V<:'•••"' v-.'. i i
v - / : - - -  ':••• • ■; r ••'••

' :'V. - v - -j j;
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Table 11

EQUILIBRIUM BATA AKD VARIATION OP THE DISTRIBUTION COEFFICIENT £F NITRIC ACID, 
U ( V X ) ,  N p (V X ) AND Np(l7) SITE ORGANIC W A S E  URANIUM CONCENTRATION

I n i t ia l  concentration of HBÔ  in  Aq .phase 

Tmperatuze •  60*C

2«

:Ekpt»
E9.

' I n i t i a l . 
conas... of U

Eauilibriyja concn. Sauilite iim  Acidity D istribution coeffic ien t (K.)
of U, M

\  u(vx) KdSp(?l)

yin, Aqepnase.. 
Eg/SLi”-

Org. Aq. Org. ®o5 u(vxy~ Np(vT) Up(iv) V PU1

,1 0 0 v ' o : 2.00 0.445 0.220 — - 5.97 2.76 2.16

Si" 3 0 -- ; $.6 ; 25.5 — 2i05 • 0.359 0.175 7.08 4.41 1.87 1.61 2.36

5 ■; m 51-5 ; 2.13 0.283 * - -0*135" 5*36 2.09 1.18 1.65 2 4 5

4 .120. 36.3 0 3 ^ 2=24 0.180 '0i084w' 2.30 1.24 0=52 1.85 2.38

5 189 80.8 94.5 2=29, . ,,0.142' ; ■■ 0*062 1.3-7 0.68 0.29 1.72 2-34

6 ' Vg40;4ls'*5- ' :-:i 154.5 108.0 ’ 2.30::' :: ' 0 . 115: ’ 0 .050: 0.80 0.45 0.22 1.78 2.05

300 188.0 10?.o 2=35 • 0.105 0=044 0.§8 0. 5$ 0=20 1.76 1.65

/



: i ;£ V

S £  i FSBXATX0IiKOP TEE DISTRIBUTION : cobfftckzit cep eetbic actd,
':: j j v i ) ,  3p(Vl) Am  Np{XV) 7JITH ORGANIC PHASE BRAKIOT COHCEfiTRAEIOH

•’ '; * . IM tia l  coneen-tra.ti.on of HO^ in  Aq.phase » JM

,v;E> . Tempazatase =■ 60?C.

Exp t* £ ? "; F^uilibriun eonfih. EqtiilIter inn Acidity Diatci.bati.bn'cdeffle ien t (K.) K.U(vt) K.Np(Vl)
1SV " mnen.-nof li of U?i sag/ml M - , d*vrlrss \  A " / r ,T

^     M* Org. MO, U(VI) Hp(Vl) Hp(lV)felv

Si ■ y:.:.Q,j ■. I-;. ;■ G 2.92 0.636 0.22 8.11 4.84 — 1.68

g 30 . 2.50 2ti»9 3-09 o.52y 0.17 10.76 5-62 3.27 1.91 1.72

3 60 7=42 57.5 3.22 0,420 0.13 7=75 3.49 2.04 2,22 1.71

4 ISO 32.9 75.5 3.42 0.265 0.077 2.2 9 1.27 0.01 1.80 1.57

5 180 . rilfP '; •( 5-51 0.194 0.055 1.16 0.65 0.42 1.78 1.55
8 240 139.7 102=3 3.54 0,168 0.047 0.73 0.41 0.31 1.78 1.32

7 500 1S3.5 102.3 3.56 0.151 0.042 O.56 O.31 0.28 1.81 1.11



EWILZBEEmi BATA AITi) 7AEIAH0H OP THE BISTBIBtJTIGH COEFHCIEMT OF SZTHIC ACID,
U(VI), S p (H ) AHB Hp(XV) WITH CSIGABIC PHASE TJfi&HIUM COHCESmTIOB

Zaifelel concentration of HHÔ  in  Aq.phase •  48 

TespesQtee « 60®C

I1 Espte 
Ho.

I n i t i a l  
cohcn. of U

Equilibrium coaca. 
o f  0 , Bjgr/ml

Equilibrium Acidity, l)i3 tr im tio n  coeffic ien t (it,) 
M

Kd 0 (H ) 
Kd8p{?xJ

.. . -
in  Aq phase 

Bg/ml v
Org. Aq. Org. ELIO} u(vxj Sp(yi) m m

0
. . .

«r ‘ 4.03 z 0.823 0.21 — - 8.70 7.02 —— 1.24
::;s ■■ :

— 3® ' 2<49r: 27.3 0,665 0.16 10.96 5.87 4.T1 1,87 1,25

- 3 SO ■■ti.35.- 51,2; 4.22 0.519 0.22 6.97 1*34 2.9s 2,09 1.15

220 55.2 80.0 4.51 0.319 0.071 2.27 1.26 . 2,12 1.96 1.04

5 . ISO 82.0 94*5 , 4*99 0.242 0.053 1.15 0.59 ■0,62 1.9B 0,94

• :24d =W -  135.5 ;; - ' lO i.5  : Qi2Q6; ■ 0,044 ©«.?9 0,38 O.4S 2.08 0.79

m l  : 300 192.0 105,0 4.65 1 ;,3;@.S98 0.A41 0.55 0.30 0.41 1.83 0.73



SSBlsuM.

VARimOS OF TBB BTSTRIHTWOH C05^FISISnT OF Np(Z7) A1W Sp(Vl) W2T3 TBP COiaSSmSSlCF
Aqueous phase o 2M HKO, Diluent « Shell eo l-f

1 5 0.183 0.056 0.117 0.100 0.099 1.05 1.02

2 10 0.365 0.158 0.227 0.395 0.375 2.96 2.94

3 15 0.548 0.215 0.335 0.798 0.775 4.77 4.86

4 20 0.731 0.294 0.437 1.25 1.23 6.75 6.80

5 25' 0.913 0.558 0.555 1.78 1.79 8.97 8.85

6 50 1.096 0.451 0.645 2.25 2.27 10.10 10. JO



M t k J t l

OXIDATION o f  Np(lV) IB NITRIC ACID 

£Np3 e 1-2 pg/ml5 [HHO'] ™ OegQ K$ Temperatur© o 7©e8

. iu i m m m u  « m  >nwn i iiMuMi ii n |- |  -rin-r Him iinMiiiiM i  ii imi in i ■  .................... ....  iiiTMi  .... 111 i'im w nn-riTnrim‘riir»rrTrTTf-*i~T» » ™ « i» - TwrffiT‘m^

Time o f  r e a c t!o a 9 min $  Np(lV) sansisssid

0 100

5 81

10 69

15 63

25 43

35 19

45 7

60 0 .5

120 0 ,

i— n n g j ii ,11n ii muiaMBiMhiiimnini iirTiT iTTTMii f irn n n r tm n  iiibhii a m n . i  nn iiwinmT wnnMiiHiatiriwtniFiTFrTirnTiii 1 if* a ty

Hotel N p(iv) doterm iasd by e x tr a c t io n  w ith -0 . 5H TSA 

ffzom 1 .0  H n i t r i c  a e ld  raadiuai?



WFECT W  NITROUS ACID Oil THE DISTRIBUTION OF 
Np(ltf) III NITRIC ACID -  jOfo TBP

j[%3 eg 1-2 jig /s l{  I n i t ia l  aqueous pRaOgJ = 0=029 M 

R eac tion  tim e  = 2 bourns Time of e q u i l ib r a t io n  ™ 5 mi,®*

tH SO j"

M

S le ti lb t t t lo ia  e m f i io ie n t  (B^) ob ta ined  o f  Sp(XY) t a s t e

0»01 1  Fe 2̂ a s  

h o ld in g  red u o tan t

a f t e r  a llo w in g  th e  re a c tio n  to

Room temp
IKBfrhlUWV*SeMiaaP5

49QC 60»C

I 1=26 1=28 1=07 lo 4 0

2 1,90 1 .9 0 1=79 2»C4

3- 2=87 2=92 2*87 2=95

4 4®M 4 .1 4 4=21 4=20

wcaa=»aBs^smaBgWBB>*igRwwrtaa*»',.gtg^wwHinii{Bi



T aM eJX

EFFECT OF NITROUS ACID ON THE DISTRBUTIOH OF Rp(lV) 
IK NITRIC ACID -  3<$ TBP IN PH«S£UCE OP BRAMUMx

[Np3 ® 1-2 jig/ml $ I n i t ia l  aqueous ^HNO^ ® 0*029 M 

Saturation of 50?» TBP by uranium ^  65^

Reaction time = 24 hunt's! Time of eq u ilib ra tio n  = 5 0lln«

M 8tTibutioTT"^^?ic157it~fK^")u
[HNQ^l a f t e r  a llo w in g  the re a c tio n  to  proceed a t  q ,„01  u  a s

a  Room teuy*  45°0 60*0 h o ld ing reS aie tan t

1 O.O91 O.O79 0.076 0.097

2 0,25 0.22 0.22 0.25

3 0.45 0,45 0,45 0 .4 3

4 0,72 0.76 0.76 0,74
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ê .
©x

ftfX

ex g

<»

s<8

*

8
Srt

3

x5©X

X9
ux®x

$y w\

>
.

n

5
l l

O

*& 'JL® *SS- 
* ©

® 2  

«»J <a-
4 4

3 1



Tatola 19

EFFECT OF HTBOUS JICID Oil THE DISTRIBUTION C8? N£> FRKSESS 
AS Hp(v) IN ACS) ™ 3<$ ® p - . •

[B p] “ 2«3 |sg /B l % Xnl'biiO. aqueous C ^O g l °  0*029 1

fisas o f eestilibxation w 5 »*»•      ....... "
• -  -  - - -    ........................

£hB0^3 e- 1  Baaotlosi Ibtoe® h o u rs- - %



EFFECT OF M S S  AGIB OH THE KSfRlBTM GS 3!? Bp< HtEPENT- AS Hp(V) 
XB m B I C  M X B  W» TBP IB HIESEBCE OF IMX0M

[llpj ® 5*40 |2g/ral|^ [.If j  <» 100 mg/ml (I n i t i a l  Aq seiiaJ

l e a e t i e a  t i ’iS© B B hoars® T is e  o f  e q u i l i b r a t i o n  «= £0 misa.

£iI0^3 I n i t i a l  M s ir ib u tic n  ooeffio ien t (i£=) obtains8 a f te r

M
aqaemg rsao ti on to  psoesed a t
E ^ 3  5 ® ' Boos ieap , 45°$ 60eC

•oaauyaHwasseasaMeen

2 0»O29 0,097 0,12 0.17

3 O eW " 0,30 0,38 0,53

4 0*039 '0.51 0,53 0,9CI

2 0*072 " 0 ,0 6 8 0,10 0,13

3" 0 a0?2 0,23 0,32 0,43

4 ""'o3?e ...... 0*51...... ........... 0-59 0,70

;BatJo -t r  nato 6qss l a  the absence of lim it s



SFFECf OF AXR-5BARG1KS OH U S  DISMBBHOH CF Bp 6 * 8 8 8 $
AS 8p(V) XH HXKR1C AOXB -  §Qf£ W ,  :

[Hp] » 4*5 J ig /a li C ^l ■ XOO mg/ffllg 

I n i t i a l  aqueous ĵ HKOg"} 68 ®ê 9  M

gTn»aia>nii»W’B g n g a » w ^ B »

[ hho5j  » 1

0,105

0,51

0.47



(R1MT1GS OF FU(IV) BY ¥(?)

M t i e l  =» 2 mg/ml > lB4fciBl[v(V$]® 0,03. a

f l e e  o f  rs&stiott,. $  Pu(X¥) reiaainQd a t
hours 1H 2M mQj

" W  : 98 «9 99 c2

1.33 98.1 98.9

3 96»9 99 .0

4 95»a 90,7

5, @5»5 90.1

£2» 91.4 9©»4

25 91.4 98,3

23 @o»s 98.2

1 3 1 ©  P » ( B i )  x m l e n e e  a f t e r  2 2  t s o w B e  

■Ml®^s©9SM:-:©5SsS /tO:- g iro  at ©oneetttK-Btien 6f  100 Eg/ml



Table 25

CO-STABILITY OF Itp(XV) At© E\x(iv)

[ f f 3 « SO mg/mli [Rj(IV)3 = 3.16 ^tg/ral$

In itia l. [Np(iv)3 « 12 pg/ml

Tima o f  re a c t io n  $  Bp(lV) rem ained ®t. ___ ■MammU'     il̂i   mnm iaun ii.iniiiiiiMMmifiWiiiiijii.uft
hours 2M HNOj 5 U WMh

2 99 99

4 98 96

6 98 97

22 96 98

46 92 97

Notes I n it ia l ly  Hp(V) was added to a-'in3%E2$#?;'W UPSS1 $ta

and subsequently Bp^V) was reduced bo Sp(2Y)v ’by-

adding 0o5 tag/ml o f U(XV) and keeping i t  for 2 hour®®

The Pu(XH) formed was then « id ia e d  to Bu(lV) by

adding NaHOg. . The reaction k in e tie s  were-followed

a fter  the addition o f NaNOv.5!



Table 24

00„STABILI1'Y op Hp(xv) and Pu(lV)

BXe
Ho. I l i l t l .1  CMWOSttiOB $  Np(lV) 

remaimd

Tjl ™ 33 t ig /a ll  0Pu(XV)3 o 80 jig/ml j 2 99-0

[ M h S  2-3.fteMIs •  2M. 5 98 .6

1 6 98.5

48 93.5

t o ]  » 50 ag/m li [h i( iv )3  69 116 ^ag/alj 2 96 .9

2 " [% (!? )]  s  5 ^ g /e l l  [HBOj -  5M. 4 96.9

24 96 ,8

54 96 .6

W  « 552 m g/ell [Ra(l?)]| «= 2 mg/ml; 2 96.4

[i$p(W>] «  135 jag/el 1 [HHO^ -  2*41. 4 92.6

■ —• 85.9

24 57.7

: «a .294 sag/mlg £Pto(lf)J ® 1 mg/ml) 0 99.4

. 4 £lpCI?)3 b= 67 |ig/m l! TMOjJ « 2.BS. 2 95.5

4 90.4

6 85,8

20 54.8



m L S

m w M j m  o f  H p(i?) By R$<x?)

£Pn(lv)3 « 2.26 rag/ssl

I n i t i a l  W w  o f  ' 36 H p(H ) acid ified  in
No. [K p(lvB

A S Z l t i f c r s M .  «  V M A S a

®e re a c t io n
a in . 2& H!S5| 3M BBOj

1 113 50 15 67 14.2

3© 95 29.2

2 57 50 15 65 14.6
30 87 29.0

3 113 60 15 97.6 45 o0
50 99.5 74.5

4* 115 60 15 1.1 < * = » —

30 2 .4

ecsM&BisanentusF?

* Es. Bo. 4g Ba waa absent.
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