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ABSTRACT

experiments $02-0 carried
out: under the eenditien® ralevant to the partitioning column
(IBX) in th« put*<SK process to kf»o» the path of neptunium psssent
aa Np (Ml) the segsnie phase during the partitioning etepe Ths
teaulte obtained show fchafc when Fepfous Sulphamats i s used es
the tsdueing agsntj moat of the neptunium continues to remain
uteniutn in the esgerylc t irasi ; uhile with tiydrazlne stebilissid
urr/nous ni t^ste es the rudueing agant9 a mej@r fsaqiion of

the
also caseisd out «ndeg tha aonditiens rslevent to the

cycle (20) to sstablish tha' cefs^itiena fas foesing
nsptunius to the aqueous esffinafea ©IF FOS p@?tisiefjin© i t fs?ora
ur.isnium it beth neptunium and us^iitifl @?s eo&Ktteot@d in this
eyele end



COUNTER-CURRENT EXTRACTION STUDIES FOR THE RECOVERY OF
BY THE PURE* PROCESS

by

Sr in ivesan* d«N« Nadkarnip S«V»Kuma£i P«K*£>«Kartha» R*B«Scnav/ene
Pl.U. Raroaniah & S.K,, P a U l

PART - I I

INTRODUCTION

Nsptunium«23? is farmed in nuclear reactors fuelled with

natural or enriched uranium.. This cen h& tecouared as s ueluabls

byproduct during the reprocessing of Irradiated fuels* Neptunium-237

has easuraad great impoetsnca recently as i t is the starting -material

for the production of fc Pu suhich ie ens of the mokt suitable isotopes

uised es heat aource In the eadio-lsotopic poue? sources. Several
) 23?
of Np ©s?g routinely reoowsssd at present in ths Aiaerican

reprocessing plants•

in the putax processP neptunium will accompany fission

piroductaj uranium qr plutoniura Si; be dietributBd betueen these thrso

depending en the conditions selected orimpogad. I t u»ast housuer,

felt that i t would be moat canvfeniarti to ESeoveE1 neptunium From the

raff'lneta in the ureniutn purification cycle (20 cycle) as the fission

product activity in this stream would be relatively low« I t uiaa,
23?

therefore, neceaaasy to establish the conditions so that Np is

cosxtrsctsd along with uranium land plutoniun in HA and 1A oyclse of

the pyre l̂ proossa* The SKpsrlmentei data obl@ined to enable tha

oas&traction of nsptunium in Hh and th bycles ars describsd in fehs

eavlier-..fe'pjprt*.;.- • Sn ths present repssfc the data see presented, on

the partitioning eeridifciens of neptunium undu? the conditie.is ffil@yaf«fe

to 1©K Bolutnn• eontlitlpno* The espes'lmenfeal wwsk csepied out to establish

the csrsdifcisns for forcing-nsptunium t.e ths jraffinete in the uroiium

purlfi.eatlpn cycia;,.(,2p .eycle). os'-fop paytit£stp>ii^g i t from uranium if

bufeh Up and ugmiutn ar© aeestrsclad In thin cycle -and ths results

•ot»fc4sinjad -ate also
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unit of Eurochamic typa ' fabricated if/ T?oebay «t«» used in the
C5

A 12-staga stainless atoal pettupex mlniraixar
rochamic typa ' fabricated if/ T?oebay «t«»

praasnt studies* The unit i9 daacrlbed in the 8»el£«s?

3 . EKPERIREflTAl.

Neptunium«23? was puriflad fsem ifca daughter P»
extraction of tho la t ter frow ?M nit/.-io acid irtio 0«SW TTA in

23?xylens* The purified Np was apiks/d with ffadstoeheffliasily puss
Np 0; Np to enable ths a»fcima'sion of neptunium by gamma

counting. Naptuniu»»239 for thia purpoaa was puslodlcftlly praparad
from neutron irradistad natural uri/nnium* Nep*,uniu»«238 used in a

23?
few axpstifflsnta wsa ptapsred by neutron irradiat ion of Np andseparated from tha fission products by TTA 9x«;r«ction • th»

236 2S9

radioehamleal purity of both N|,'i and Np wsa checked by thai?
half-l if» determination as well isa the Qs»m«»ray spectra* Tha
fixture of Z395lp or ^40Sflp and 237i«p was than saducad to SpCltf) by
ferrous aulphamate (ê CUQIM) and WSQ than added to uraMuia
with known uranium and n i t r i c aci d cemcan t r a i l en to prepare,
faad, for tha at tract ion exparimitntsa The Tt)$ti tpx tha txtrsct icn
Bxpsrlments for Mp(US) waa p repa id in a simila? &@y using
K2Cr2°? ** t h 8 halding oxidant*

For th* patWHenins. i;«!^ajpi!B8nti»-ip(yt)' was prepared
oxidising a misstur* of 2 3 8»p and ^^>i|-feea ?S?N|> in dilwti
acid by KRnQ .̂ Tha Mp(l'l) «rai «Jim ^Kt»acti«i irito 30?S TBP in Shall
Sol«T and tha T8P aoltttidn confc«Utiit»^ Mp^tfl) niaa added to 31$ TBP
with a knoun cancantration-of':Mtiin|ti|l-ifa^;^^»Mi^"ins feed Tot tha
psffUtioning axpetiasht« The f«««' aolutioft tW ths partitioning &t
NpCiV) TvmtiVJl) wac prapavad in t a int la t uiy
obtained by reducing «l«HL"f*n'«u*
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Useanyl n i t ra te solutions used were p£@p@s©d by dissolving
or U03 in n i t r i c aeidL Ursniura &a@ estimated speefcrQphotassfafcffi

th@ thiocynate snafchotT ' , The concantfatien ef nifcrio aeid in
the ursniu® solution &saa determined by t i ieat icn
sodlusa hyd^^Kid© eelutian after complexing uganiyja by

solution saa p&@fies?®d by th© eleeteelyfeic
reduction of uffsnyj nituafce ©olution in ni ts ic acid eentalnino
hyd»«slno as a afeisbiSlnsag w§in@ ^eecory eath©d©^ ;

e The asUetaU
of U(iy) bsas cerriorJ out by ?eduoing f e ( i n ) to Fs(!S) by U(!V) and
feha result ing Pa(SJ) ^as tetitaeted ©s iS^phsnanths-aliR© eomplex •
rertttus suiphamate ssss e@timatadl yelumeteieelly b^ t i teat ion
against efeandacd eerie sulphat© S'Slutien and eomtstimss by

^ » !}yd?a?.ina ass
©itimstad

in Shelleol-T was used in e l l fcha
after pra*eqiiil£;b?ating i t «ith 2f̂  nlfesie aeid. The i n i t i a l neptunium
csaneenfetation in tH@ feed mm ussualij) sbcsut I^SAjo/mlo Ofch©£
date i l t uesre same as dsseeibsd in tha ©©?l£es seposrt

4«"-RESULTS AiO DISCUSS10M

Uhan fesssus ©ulphamat® its uesd ea a ssduGir>§ ©gent fos? the
paetitisst?in§ of plMtera&w fs-om uran£usi» i t is -knQt*n that ths
n@piuniuis«.g3f £*m NpCVlJJ^ ee^Id b© esada £o felle« t i t he s paufeoRlys
in fch© squ@©«® it:g®@ra or .u^esium in *.tha "o£gfifii.o tteeatu hf eassful

sf n i t r i c aeid ooh|bBnt»ationf10'« tn ' (Hs" Tifctaptir Plmt& U(IW)

r? ©f Mp(V)' fee KP(lV)"i« aiott^1 1*1 3 ' . Th© uatt of U(IV>
acjertfe Qisn wsii'y miseSi ini*lwne© the path ©f

p«tlfe£0nif8§o A fob ©upa îeisfit© ; a©e# eas©!©^ ottt



for the studies relavonfe to th» iĝ anluife purification oyei«
(20-cycie) i t was bell»w»d th&t the addition of agidisift® as vaduolng
agsnt to the faed to snsble th» »aeov«y of ntt.otanl.um waa QOttpat&bie
with tha proce8« «• ths piufconiui* M«in ptoduot was not in waived if?
this cycle* F5oseovaz?9 for tha deeemte»ifi«tion ©f ujrenium prociwot in
this ciycle fsom saaiduaS. pXufeortlua cc3?ti«n»ir)»tlane 9ddiUon ef
of fe^gous suiphasaat® io jeadues plutonius* to non»eMfeyact«sbie
etafca ie usually follouad, Thics Q«U3«« th* reiduetior* 3? napfeunluM to
Np(lV) and hsnea mere emphasis ena« plaoed on tha sxtoraetion bthavioug
ef Mp(lU) paths? then Np(Vl) £ft thg p^tsant studies *

4.1 Path o^^fj.aptun^tw^Ugd^Ja^l^ti^

The £9sulti» of the axpariraenta caff^ied wi i® know
bahawiour of neptunium, pEaeent In the o?g«niQ feed solufeior! as f«p(Vj)
undar tha partitioning column oondi^ipna with UflU) as tht tfflduoing
sgant ere given In ' es 1 and 2 and the eespEeff»of>dAng neptunium «nd
uraniun profiles a?e shown in Figa 1 and 2» Tha eancantSBtion of
and the floy ss i io used in thegs 3Kps3Blfflcnt:» KIPS eowjaarablfs to
proposed to bs used in the Ta^spue Ptant* S6 ia-.-••*£*«
that 50-65$ of nsptursiura f oilouts fcha equttous etseam end
©Kp©ctat§ as the ffaaiuctioFi ef Hp\4) to ;Kp{iy) fe^ U-(I^) 1@ s^aw* Ths
reduction of Np(U) to Kp(lV) fey U(SV) i s knesn to INI favoMff@«i b^
sspcsura to light* In the psBaent ©yps^ifflsnta although
praacutions wsra taken to i t e i t the BKposuya *••© light 9

.protaction sgainefe i t was not po««ibl«« The fffaction 0?
following %b& aqueous straam in the $#$Ufeigning eolu»n would diapenti
o» 89¥»ra2. faetare such m n i t r i c aelil end U'ClU)
yssniwm saturation of the organic phase« tamcperetuc@ end
time« Koch carried omi tha mixar se t t l e r axpssisonts io study tha
path of neptunium duting p«t-feition£ng and ob»«»«»d* • ' thst 7 to
neptunlora accosapanisd tha aqoaoye ottaeiB eoni<sinir<@



tw Bounteg«»esure®nifc syrvs eigea elaa eareiad ugiwg ferrous
aa ihs sodueing a-gent in a tidmilar @sy* The #essuifc£ of

th«go experiments at>e given in Tables 3 and 4 the eo??®8ponding
«i«piuniu«i end sireniys pfesfil©® ««» ohcw in Fie® 3 ssntS 4a The

of Np(VS) to Np(lV) &F P«<II) ie quit© rapid and roost af
fchy® fo&KBd i« eaen to conUno© fee follow wsraniuB) in th©

These rseul is @es in §©9S3 ©gseatBant ksiih thos®

I t e®« be eensluded feoa fcMM*® results that if U(iy) la
eedUBlng agent in fehe parti t ioning celumn9

Mill 4sts distributed in both uceniub ancJ plutonius sfcreama
neptunium te be p?@®snt m ®p(tit'l in the antestng opftsnle

u(lV) and U(yi)» yndaa- ©imiiaff sondition© if Fo(tl) ia
as the vadMcing ®gerife9 B,aat of the n@pturti.ua can b@ mads fco

fellow the ©egenie ©te©«?a centaining

4 o 2 Ibal^^oMJ^M^^j^^w^^

Sine© i t sas f e l t thefe i t »ould to laest eonwgnianfc to
n©ptuniiaia fro® the ?affiftat« of the. u?aniwm pux-ification

its aast n@GQ8@@fff t@ ®®t®bli;®b the eandi&ions ffaquirad to
i s th® gsffinsts in this ssysls o? fe© pasti t ion i t f?om
b®ih ^@pf£uniya and yge^l^s mte co@xt̂ agt@d> Although in
Plant* ' nepttiftluei i e fosoed into th© raffinate in this

details, ^eg^ffdisfg .fs@<i. aoidit^e u.saniuo> oat,.M»@tio>i etc*

thsi gatsffl© ©etiwit^ ©f
aotiwifcy dae fe© wsaniutei and

The $?®W/Ite of ttti® &nXf ©»



neptunium and uranium extraction profile? i»a jehewrt in FigoS«
is evident fro® thesis data that Np(V$) is •esusnfc&iafcitfssl
in three stages from 2W n i t r i c acid aolufcittR •£ u?tft£u»
of 85-90 g/l in the organic phs«s»

I t is known that the
by using low n i t r i c acid eancentsiafeicj« and by kaepina high uranium
concentration in the organic phase. A mixefe*aatt&es' atspeseisartfe use
carried out with W n i t r i c acid both in thf fttd and bh® acrub
keeping the urunium concentration in the organic phs»a af about
30 g /1 . UnriBif fchogs conditions, Np(SV) uas »xp»Gt;*d to folicw thn
aqueous eaffinate. Howayar, NpflV) n@t found id reflux in th@ unit
following neither the equ«ou« («ffinata nor thft ytanium loaded
organic stirs am* The run was continued far 2S hours * Hoaeuee this
did not halp in moving Np(IU) to \h9 tqueoua raf?in«ts9 ov'the
organic stream aa is assn from ths riofca given in Table S. Th©
corresponding neptunium extraction p r o f i t show in Fig @
shows that neptunium is getting ysfluaed in

To avoid the re fluxing
at « high@t aB^certtsstion of

and th® ©csub and by dtcr^asirtg th® utarsluia loading Q$ fcH©
phesa* The data obtained are Qivan in table t ani feh©
nsptuniuffl '-jnd uranium eisttaction ptffifii«s ^«i ahpwi in fig ?» Ife 4®
se@n from these data that untie? these? conditions t NpCiy) is
quaniiiaii v«ly ®«t»acte<J into T8# alongliit'n M*%i««$ in the
Plant two scrubs are propoasd in Ihe 2D txtifiibtiers fccil«»m* A
susrent t««^«dtion.^sspefrii«i8nt was earsisd put Ui£ftfi two #Ofuba» at wai
ralevant to 2D •xtraeticit ea^uwnt m& th» ^eta o^fctinad
in Tafola 8 end the eei?s?©Bpop«|Ang...pĵ FUea of o'fpiursiufi8

n i t r i a acid are ©hown in FI
i s ©Ktrscisd quantitfiftively

ftasuming thafs Np,(|V) and .
were carrietl ou.fe tOfafcjibliah feher.«pditior}s to



U(VS)« This fm<& afctemptsd by eevubbing fcha wreniu® iaadsd
phee® eentaining WpflV) with 0oSFl and 1»GW n i t r i c aeid keeping 1st
flofei sa t i s and u®ln§ 12 8tags©« I t »a® sbs©j?yed that although Np(IV)
followed the t^ueoue s t ress quanfeitet£y8iy? U{\3i) lessee i s ihs
©quaous reffinat* WBEB tso high (<psi5C$ with 0eW? t^D« end c£35# aifeh
tf) HN0« scrub) to be iolerafeede The oxperiments wsse eapsaiod using
s ©malls^ sidmbas? of etagea f@? parti t ioning end by changing the floa
eatio* Ths results of en e^parimemt with W HN0_ ea the aefub era
given in fable 9 end fehs eopyeaponding neptunium snd utanium profiles
in fig 9« I t ia s@sn fsora these date thst Hp(lV) fallowa the aqueous
®t?s@® alraost quantitatively C«i9^) en^ U(WX) aocompan^ing Wp(3V)
to tho aqueous efes-Gasa ie only about ?«S^U In a simile? axparimsnt
ylth OeŜ 'i n i t s i c ac5.d @ofub$ uranium losses to the aquaoue stream
^©»s found to bs abeut 1&»11^ although the Up(l^) partit ioning was
slightly mot®

Tha E'esulfcs sf th© ®i)4©i?«s0ttl0& runa te fosrea Dp(lU) to
the aqy@QU8 taffinet® urtdss? 2D eycle oonditiesns a?@ giysn in Tables
10 and 11 und ths cO£Mr@@pending ©straetion profiles are shoan in
figs 10 and 119 I t is asam ?s@m these date that by using QeSB HNG
in the fasd eni 1«2M ŜMO~ In the ee&ub end keeping the organic phase

loading eboisfe iS g / l 9 -most of .the neptunium pr@Qent as
r i t h tha aq^sows gsffinateo I t should ho@@v@? be

.is ejsod ad the ''eotub &h@ numbs? @f ©tagss

serj be limited to 4

fosf 20 e^el©
saetition i i i



4,3 Study of the Co-atebi i l tv of

it i s known that uhan U(iV) ia used as the roriucirtg agent

in the pa r t i t i on ing column, a major fract ion of neptunium aesotapanles

iutonium to tha aqusqua stream asauning naptuniun to be pr t&tnt m

Np(yi) in the uranium losdad organic stream en te r ing the p a r t i t i o n i n g

column. This necess i t a t es the reeovesy of neptunium from tha plutoniufS

pur i f ica t ion cycle (2A-cyole) by forcing i t to tha aqueous ro f f ina te*

Howaver if neptunium i s peasant in tha loaded organic eireem enter ing

the pa r t i t ion ing column as Np{lV), i t can bs mads to follow uranium

in the organic atraara by a careful choice of n i t r i c acid concentration

i r respec t ive of the reducing agant used for pa r t i t ion ing*

Champion and Ch»an» established * - t he conditions for
s tabi l is ing Np(IU) and Pu(IV) fcogsjfcher by controlling the Fe+4'/F
ra t io in the solution. A feu preliminary experiments Mere cs??ie£ aui
to study the s t ab i l i t y of Np(lV) and PM(1U)« The data obtained eh owed
that only a email fraction of Wp(IU) was oxidised toy Pu(lV)9 I t was

(1?) ' " •'•:'. ' • • • ' • • " • : ^ : • ' • '

recent ly reported tha t under the condit ion* re levant to fcha

Process at room temperature (c£2S*c) more than 80$ %( :V) ramains

unoxidlzed in the presence of Pu(tV) up to 8 hetsrsa Thus tha feed

Ik cycle can be conditioned to have both Np(lV) and Pu(iv) end

quently the ex t rac ted Np(lU) can bs Bad© te follpM yraniura in the

organic e t reaa during pa r t i t i on ing ©von thaugh U(lll) i s us@d es tha

reducing agent*

S . C0WCLUS10RS AND PROPOSED CHEWlCAL FLOWSHEET CONDIHOSSS

i t i* «oneides«d thefc aoa t of the telavarst aspectR of the

proc««8 chemistry of neptunium a re inves t iga ted in the p resen t «tudi»i#

' Fro*':the^.data ;a»epp»^d::^8£f/.aiiri?-4ri'.rtht..i aasl iB* r s p o s t ^ ^ i t e^n be mli

t h a t by con t r a i i l ng tha.eondit ioha i t ifi pos s ib l e to seee«es nepfcuniuas

by i t « coeKtsaoiiEin in the fisit {Uk) and s®e©?isl (1A) ©yeles

f o s o i n g . i t to the fceffinafct (2m) in the Uffaniuss purif ioi i t ian



o 9 o

Th« acheatftio flow®h»8fc ©f fch® puses psfsesss &o bit
at Tasfspus f*ien$ 4s eftam in Fig 12 and feh© eendifc£@si©g fee optisua

5*1 . ti4,,rffiCJIL:.SfelMM.
(»} The following condition® mmf h@ uesd aherj rsiteous

1* u«««f to tnh«ne# the OKidatien of &9p(V) t@ Hp{yl) to ensbis fcha
of neptimi.ym<, ,

Is nasd t@ o^idiie r-3pCy) ta

than- addif?§ i t i s
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The faad nay ba conditioned1 by adding fetseua sulpttaitiatft
or prafambly by adding U(IV) and after alibiing 1-2 h?a* for tha
raduction af neptunium to Np(IV), fch» p y ( m ) formed nay ba exidiiad
to Pu(lV) by adding NaNO* to prtpase the oonditionad ftad for tha
extraction columns*

5,2 18X Column

Whan fsttoua aulphamate is u»sd es the s-sdueing agant9

i f tha consantpafcion of HN03 in tha outgoing aquaeut attaam containing
Pu( in ) ia about 2V os no?af noa% of tha nftptunium (^9^) Mi l l
remain with uranium in the organic

Whan U(IV) ia uaad aa tha raduoing agent and tha oonditiona
for 1A column era M daacribadt althar in 5#1(a) or S«1(b)* wejor
fraction of neptunium wil l acooaipahy plutoniuw atream* Thia housvar
nay be avoided and neptuniua may b» itiada to folloM uranium in the
partitioning eolumn by conditioning 1AF aa deaeribad in 5.t{e)»

5*3

Meptuniusa prastnt as Np(iV) nay fee o@@K%!?aotsd with
undss tha following conditions and tha »xt?«ct«d nttptuniuca m&f
aapecatad ftoa uranlun by 0»5H o? IF! nitr ic ecid a©?wts In en

2 H • . • • • ' : ' •

2 n

75 ft/1

Alternately Np(IV) may b» fotcad to the rAffinata (2QU) by using fchs

following ebniltiona t

• H ^ * * * * * * * ' *

s 1*2"«

~j as



Neptunium separated from the uraniura in this oyole can bo

concentrated and purified by J.cjn exchange technique*

From thii chemical flowsheet data uaed In the Plutonium

Plant afc Trgmbay^ , i t appears that the proposed chemical flowsheet

conditions ava quite compatible with fchfc. process* I t i s hoped that

fchesa data will proy& uss^ul to weaver a valuable byproduct

nBptunium«-23?$ along taifeh plutonium end uranium in the fuel

reprocessing plant at Tarapur,
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BEHAVIOUR OF Mp(SV) UNDER EXTRAGTIOtS-SCRUBBIBG
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3 ) m 0.3

(U) 330

Scrubs <HHO3) « 2 H

(Bl/«ln)t

IS
12

13

14

1.8

.. 16 .

IT

18

S I

JL> "̂

!p aefc&tfity i n ths

nc

7.1

S.9

6»9

^e4

0.1§

0.17

Q*1S

0.1S

0.15

l i n the c
>at£@fi o f SJssniym

§s

m

38

90

90

@S

of sigen&isss in fete



FIG.I.
PROFIUE OF NEPTUNIUM DURING PARTITIONING

USING URANIUMOV)
(FOR EXPERIMENTAL CONOiTIONS REF. TABLE.U .-®
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PROFILE OF NePTUNHJM
P&RTSTIONINe USING
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FS0.5.
PROFILE OF NEPTMNIUfVUVD AND URANIUM tVI)

IH TH£ EXTRACTION
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F1S.6.
PROFILE OF NEPTUNIUM CIVI m THE

(FOR E5CPee!MHKTAL CONDITIONS REP. TABLE 6.)
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PROFILE OF URANIUM CVI) &HQ NEPTUNIUM (IV)

IN THE SCRUBfN®
(FOR EXPERIMENTAL CONDITIONS RgF. TABLES.)
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