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HeptunJlum-257 is  formed In s ig n ifio an t amounts In uranium-
fuelled  power re a c to rs . This i s  an iaQ>ortant isotope as i t  is  used as
the s ta r tin g  m aterial fo r  the produotlon of ^^^Pu eh id i is  one of -the
most su itab le  heat souroes fo r rad io iso topic poser sources. Kilogram 

257q u a n t i t ie s  of “̂ 'Np are produced in  power reactors makii^ i t s  reoovery 
a m atter of considerable importance.

The wodc on the process chemistry of neptunium was continued
with a  view to  estab lish ing  -the flowsheet conditions fo r  i t s  recovery
during the Purer Process o f reprocessing of irrad ia ted  uranium. I t  is
known th a t in  the Purer Process, ^^^Rp can be fcreed to  follow the desired

process stream by a carefu l choice of the a c id ity , uranium concentration
in  -the organic phase and the o ridation  s ta te  of neptunium* As i t  is

257proposed to  recover Hp from the f in a l  cycle of uranium p u rifica tio n
257i t  was neoessary to  e stab lish  conditions so th a t ■''Kp can be ooextrac' d 

in to  TBP in  the f i r s t  and second cycles a,lox>e with uranium and pli i 
I t  was r e p o r t e d ^ t h a t  in  the feed so lu tion  of the f i r s t  cycle of the 
Purer Process neptunium e r i s ts  mainly as Np(V) ihich is  not e rtrac tab le  by 
TBP. Of the several methods suggested to  orid ize  Np(V  ̂ to  TBP-ertractable 
l^(V l) the use of n itrous aold^^ and vanadium(V)^^*  ̂ were considered to  
be most sui-table. The re su lts  of investigations on the following aspects 
of neptunium diemistxy are described h e re .

* Fuel Eeprooeselng D ivision.
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a) The use of vanadlum(Y) fo r  ifae oxidation of Kp(?) to  
Hp(Yl) In -the oounter-ouxrent extxaotlon of neptunium 
under -the Purex Frooesa oondltlons.

b) Path of neptunium under partltloxilng oolumn oondltlons with
( l)  fexxous sulphamate and ( l l )  uxanlum(Hr) as the reducing 
agents.

o) Extxaotlon of I^(IV) bgr long-<dialn a lky l amines*

1.1.1 Use of Yanadlum(Y) fo r ox id isation  of Hp(V) to  Mp(Vl)

The m lx e r-se ttle r un it used In the present stud ies uas described 
e a r l i e r A l l  the Inactive solutions uere fed to  the u n it using m lcro-flov 
metering puaqpe ihereas the active feed so lu tion  uas fed by using a oaplllaxy 
attached to  a  constant overflow system, ^ ^ ^ p  was added to  to  enable
the estim ation of neptunium by ganma countlx^. The oxidation s ta te  of 
neptunium wt̂ s adjusted to  Np(Y) fh ld i was subsequently added to  a  uranium 
so lu tion  of known-'uranium and n i tr lo  acid oonoentxatlons •

The re su lts  of a  counter cu rren t experiment carried  out by addii^
Y(Y) to  the aq;ueou8 feed containing I^(Y) are  given In Table 1 . The re su lts  
of the experiment carried  out In ihloh Y(Y) was Introduced In the second 
stage (from the feed stage) mixer in  the ex traction  section  axe gl-ven In Table 2 .

The re su lts  o f these experiments show th a t by uslx^ Y(Y), added 
e ith e r  In  the feed or preferably In the ex trac tion  sec tio n » neptunium can
be coextraoted to  the extent of about 909̂ * Although the conditions used by

(c)
Bahr and Kodi^'^ fo r sim ila r studies ete not known, the present re su lts  a re  in  
good agreement w ith -the ir re s u l ts .
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TABIE 1
Us« of V(V) fo r  1h« oxidation o f  Np(V) to Hp(Vl)

Poedi /"HHOjJ -  5 M| / “UJ  -328 n«/ml| /"V(V)^ -  9*4 x
/ ”^̂ ®Np__7 ■ 8»5 X c/50 aec/ml

Scrub* Z"HHCy7  « 3 M
Plow zatoa (ml/min)* Peed -  1 *25i scrub -  0 «6 | solvent -  5*4

Time
(h rs .)

2?6Bp a c t iv i ty  in  the outgoing 
streams: 0/50 seo/m l x 10"^

Concentration o f U 
in  the outgoing 
organic stream  iqg/ml

Aq, Qrg.

14 0.25 1,23 • *

15 0.17 1.60 -
16 0.17 1.63 mm

17 0,21 1.50 72
18 0.28 1.60 75
19 0.43 1.53 73

Mote* it o f neptunium extracted in to  TBP (calculated from ihe average ^̂ ®Np 
a c tiv ity  in  the organic stream )- 60?̂ .

TABLB 2
Use o f 7 (7 ) for  ttno oxidation o f Hp(V)

Peed* / “SN0j_7 -  2M| / * * U -  344 n«/ml| £  -  2,08 x 10  ̂ 0 /50  sec/ml
Scrub* 3 M HHOj. 7anadium(7 )* -  1,08 x lo'^Mj /"hN0j_7 -  5 M
Plow rates (m]/min)t Peed -  1 , 2 | scrub -  1 , 1 } solvent -  6 .2 } v(V) > 0.5

Time
(h rs.)

a c t i v i^  in  the outgoing 
stroams*o/5 0  soc/ml x 10~^

Aq. Qrg.

C oncentration of U in  
the outgoing ozganio 
stream  mg/ml

14 0,19 4.11 -

15 0 .19 , 3.73 -
16 0,11 3.80 -

17 0,12 3.92 71
18 0,19 4.07 71
19 0.13 4.01 71

Note* i» o f  Np extracted in to  TBP -
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Two ooun to r-cu rren t ruxis wexe o a rrled  out using ferrous su lfh a -  
mate as reducing agent in  a  s im ila r  way. The r e s u l ts  o f  one o f  these  runs 
a re  g iven  in  Table 4 .

TABLB 4
Path o f  neptunium d u r i i^  p a r tit io n in g

Peed (org) ■ 0*5M| •  64 ng/ml{ •  2.08 x 10^
c/5 0  seo/ml

Reducing scrub / “Pe -  0 .12M| /"HNO^J^ -  1M

Flow r a te s  (ml/>»^) (<>xg) > 6«7t Reducing sorub ■ O.B

Ho. o f s tag es  -  5

HHO, ooao. in  i h .  2J8 Co m . o f D in  t h .
J  ,  t  U»« outgoing stream s

Time outgoing Aq. stream  ^ tg o ln g  stream s ^ / S

(H rs.) c/5 0  seo/m l X 10"^
Aq. Org. Aq. Qrg.

15 2.28 0 .9 10.6 62

16 2.2 1.90 1.63 6 .4 61

17 - 1.86 1.78 6 .0 61

18 2 .0 1 .85 1.78 6 .6 62

19 - 1.85 1.84 7.5 61

20 2 .4 1.83 1.83 7.4 60

9S of neptunium follow ing the  organic stream  -  67^.

The red u c tio n  o f Hp(VI) to  Hp(lV) by F e ( l l )  is  q u ite  rap id  and most 
o f  th e  Np(nr) thus formed continues to  follow  uranium in  the ozganio stream .

(7)These n s t i l t s  a re  in  good agreement w ith those reported  by Lewis

1 .1 .5  C o -e ta b ili ty  o f  Hp(lY) and Pu(lV)

In  the  P urex  Process i f  i s  p resen t as Np(XV) i t  can be coextraoted 
w ith U(VI) and Pu(lV) and th e  ex trac ted  Mp(lV) could be made to  follow
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uzanlum In  the  oiganio stxeam in  the  p a r tit io n in g  s te p  irxespeo tive  o f Ihe 
reducing agent \ised« fh e  o o - a t a h i l i ^  o f  H p(l?) and Pa(lT ) i n ^  dynthetio  
so lu tionveas a tud led  and Ihe r e s u l ts  axe given in  Table 3*

TABLB 5

C o-stab ilitg r o f  Hp(l7) and Pu(IV)

I n i t i a l  oomposition
M ixii«
t in e
(h rs .)

remained

C  ®(TI)_7 33 n g /n l 2 99.0

C 80 yug/ml 5 98.6

1‘tpW J 2-3yttg/nl 6 98.5

2 M 48 95.3

30 wg/wl 2 96.9

Z‘pu(i*)_7 116 yug/m l 4 96.9

L'vpWJ 3 ^g /m l 24 96.8

/•S hV 3 M 54 96.6

r n y i U 332 ng/ml 2 96.4

2 mg/ml 4 92.6

L'«p(.n)j 135 yug/iol 8 85.9

2 .4  M 24 57.7

C. 294 n g /n l 0 99.4

/ -  pu(it)_7 1 mg/ml 2 95.3

I'stW J 67 ^ g / n l 4 9 0 4

/■shOj7 2.1 M 6
20

83.8
54.8

Hotet A ll -the above ezp eriaen ts  ee re  done in  ihe  absence o f liid ^ t.
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From these  d a ta  I t  Is  seen th a t  note than  6 C ^  Np(lV) remains unoxidised 
in  the  presence o f  Pu(IV) upto 8 h r s .

To reoover anjr neptunium uhlch fo llo s s  plutonium In  the  p a r t it io n in g
s te p  i t  i s  neoessaxy to  ad;)u8t i t  to  Np(V) shlch follom i th e  ra f f ln a te  In
the  plutonium p u r lf lo a tlo n  oyo le . From th e  ox idation  p o te n tia l  d a ta  i t  
appears th a t  the  ox ida tion  o f Hp(lV) io  Np(V) hy Pu(3T) Is  thexmodynamloally 
p o o e lh le . At room tem perature , homever, th in  ox idation  was found to  be too 
•low* The same was, th e re fo re , attemji^d a t  h l ^ e r  tem peratures (a t  
and 6o*C), and I t  was found th a t  Kp(lir) oan be oxidized alm ost q u a n tita tiv e ly  
In  2M n l t r l o  aold  by a t  these  tem^jeratures in  about 30 m inute.

These data  would be u se fu l In  se le e tln g  th e  proper oondltlons to
.i ' ■

optim ize the recovery o f  neptunium, w ithout a ffe c tin g  the  reoovexy o f pIttton.lun*

1*1*4 E x trac tio n  of Np(lY) by trlcap ry lm eth y l ammonltmi n i t r a te

lion6*<'haln amines arei known to  be good ex trao tan ts  fo r  a c tin id es
and are  p a r t lo u la r ly  u se fu l In  the reprooesslng  of h i ^  bum-^up fu e ls .
T hlle t e r t i a r y  amines perm it th e  e x tra c tio n  o f Pu(IV) only since  the 
e x tra c tio n  o f  U(Vl) fr6m aqueous n l t r lo  a d d  la  poor, quaytemaxy amines 
e x tra c t  both Pu(lV) and In  oon tlnuation  m S h . our e a r l i e r  s tu d ie s  on
the  e x tra c tio n  o f  Np(lV) by TLA, the work was extended to  the e x tra c tio n  of 
i tp ( ^ )  using trlcap ry lm eth y l ammonium n i t r a t e .

Experiments were c a r r ie d  out on th e  e x tra c tio n  of Np(lV) In to  
^  trlcapxylm othyl ammonlxim n i t r a t e  (Allquat>3?6, n i t r a te  form) In 

6olvesso"100* The e x tra c tio n  on Np(IV) from 2H n l t r lo  aold was s tud ied
3.t d if f e re n t  oonoentra^tlons o f Allqiiat-'33^ ra rg ln g  from 1 -  305 .̂ The log^log 
p lo t  o f  Kd o f  N p (^ )  vs Allquc^t^SS^ ooncentxation was found to  be l in e a r
witii a  Slope o f a b o u t '1 .3* The value of the slope le s s  than 2 may be the 
resu lt of sggjm gatlon o f th e  e x tra c ta n t The dependezXse o f the  extxao' 
o f  Hp(lV) In to  1(9« Allqttttt»3]l^ n i t r a t e  on aqueous n l t r lo  ac id  and uranium
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concentxationa was atvtdled and Ihe d a ta  axe presented  In  Table 6 and 7* 
leap ec tlw ely .

TABLE 6

V aria tio n  o f K. o f Np(IV) with n l t r l o  ac id  concen tra tion

Cono. o f HMÔ , M 1 2 3 4 5 6 ^ 8

h  964 1780 1990 1920 1760 1450 1100 685

TABLE 7

E ffe c t o f U(VI) cono. on the d is t r ib u t io n  
c o e f f ic ie n t  of Np(lV) In 2 M HNOj

I n i t i a l  Aq.. conc. 
o f U(VI) 4 

g/ml
10 20 40 60 80

2050 1710 1500 1180 625 435

A maximum around 3"4K n l t r l o  ao ld  was observed which i s  u su a lly  common fo r  
a l l  a lk y l amine e x tra c t io n s .  From Ihe da ta  in  ta b le  7 I t  can be seen th a t  
Ihe o f Np(lV) decxeasea with Increasing  uranium concentration*

Hie s tr ip p in g  o f Np(lV) from 10^ A llquot-^36 n i t r a te  was a tud led  
using  acetlO f foxmlo» pexohlorlo» su lphuric  and hydroch loric  a c ld a . I t  was 
found th a t  a l l  th ese  reagents s t r i p  Np(IV) q u a n ti ta t iv e ly . However, from 
th e  process p o in t o f view, a c e tic  o r formic ac id  Is  p re fe rred  as these 
could be removed e a s i ly ,  i f  d e s ired , In  the  pzt>cess.
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1 .2  Transplutonium elements

C. K. Slvaramakrishnan, A. Y. Jadhav, K. Re^uraman,
K. A. Maihew, P . S . N alr and M. Y. Ramanlah

1.2 .1  Recovery and p u r lf lo a tlo n  of americium

Development/Wbidc .on the sep a ra tio n  and p u r if ic a tio n  of t ra n s -  
plutonltim elements was continued* Recovery of 55 o f Am from so lu tio n s  

containing la rg e  amounti^of ra re  ea rth s  was repoirted In  the leist annual 
r e p o r t A m e r l c l u m / s e p a r a t e d  from ra re  ea rth s  using Dowex-1 ( x 4 , 50 -100 
mesh) and using 8 M ammonium th locyanate as ihe olemeBt. The americium so

separated  contained sm all amounts o f ra re  ea rth  Im p u ritie s . The follow lx^
procedure was adopted su ccessfu lly  fo r  removal o f these Im p u ritie s . Americium 
was p re c ip ita te d  as hydroxide and the hydroxide was dissolved In O.5M HNÔ  + 
0.1M (10^ )2820^ contain ing  tra c e  amounts o f s i lv e r  Ions. On h ea tin g  the 
so lu tio n  to  90*’C fo r  one hoiir a l l  americum was oxidised to  Am(Yl). ^y adding 
conc. HF to  the so lu tio n  a l l  ihe ra re  ea rth  Im purities lere p re c ip ita te d  as


