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MI3MEI

I t Is proposed to recover neptunium»23?e alonguith

uranium and plutoniumB during the fue.l reprocessing in the PREFRE

Plant at Tsrspur® Ceuntsr^current extraction Qtudiea^ relevant to

tha codecontamination (HA) and partitioning (IA) cycles of the

purex processe users carried out to ars:lve at suitable chemical

flousheet conditions which Mould ensblsi the coextraetion of

neptuniusi alongyith ursnium end plutonium. Ths cesulta of the

studies carried out using e laboratory mixer-seitlsr unit and

synthetic mixtures of neptunium and urEiiium ees reported heree

Based on these results, the chemical flowsheet conditions are

proposed 'or tha ea®Kt?action ef neptunium even if i t sxists as

in the aqueous fesd solution«



COUNTER-CURRENT EXTRACTION STUDIES FOR THE RECOVERY Of
NEPTUNIUM BY THE PUREX PROCESS

by

N , 5 r l n i v B s e n s W M , Nesjlkarni, S*V. Kumar, PoKe5« <ar; the
R.R. Sonavan©9 Pi.V. Ramaniah & S.K. P a t i l

PART - X

1 . INTRODUCTION

.Nept.unium-237 i s formed in kilogram q u a n t i t i e s in nucleai-

power r a a e t o r s with high burn-up , e s p e c i a l l y with enr iched uranium

f u e l s . Although i t was discovered near ly 30 years ago , t h i s

iaotope has assumed i n c r e a s i n g importance only recen t ly as i t ie t~\
23 8

pr imar i ly used a9 tha s t a r t i n g ma te r i a l for the product ion of Pu «

Because of i t s very d e s i r a b l e nuclear decay p r o p e r t i e s , Pu ie one

of the most suitable heat sources for fuelling the rsdioisotopic power

sources, Piutonium»'238 has a specific power of 0.55 watt per gram and
(( ? )

emits l i t t l e gamma and neutron radiation o During fuel reprocessing
23?

by thB purex processs Np can be reccvBred as a valuable by-product
(2-7)elongwlth plutonium and uranium . In Terapur Atomic Power Reactors

237
about 5~7 Kg of * Np is expected to be produced annually assuming a

( B )
burn-up of 15000 to 20000 MUD/T and 80^ load factor , From Rajasthan
Atomic Power Reactors about 3-4 Kg of is) p is expected to be produced

237
per yesr« I t is proposed to recover Nps along with uranium and

plutoniunif during the fuel reprocessing of the spent fuels from both

these reactors^ The present work was undertaken with a vieu to arrive
23?

at optimum, conditions for the recovery of Np in the fuel reprocessing
plant under construction at Tarapur* I t is known that in the purex process
237

Np could be forced to follow the aqueous raffinates plutonium or
uranium stream by carsful choice of acidity, uranium loading of the

23?
organic phase and the oxidation state of Np, Tt was, however, felt

that i t soulcJ be most convenient to recover neptunium from the raffinate

in the uranium purification cycle (20 cycle)*

The distribution coefficient data reported on the extraction

of Mp(lv) and Np(VI} at varying.nitric acid and uranium concentrations
' ( Q«.I i\ / -] g \ ( 9 1 2 )

obtained a t room temperatura v ' and a t 4 5 " ^ ' end 60 e C % ' s 'showed
t h a t both Np(Il ' ) and Np(l ' l ) would get e x t r a c t e d apprec iably under the
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pursjs process condition*. I t ws»9 ftotteu*?; n»ee«sa£y to

out eounfees-current extraction studies r«l»vent to fch» p«©ss pvoeaea

to establish ths aama, Ths raaulto of th* studies eas?s£»«i out foe &10

contraction or nsptuniua under tha conditions rslB^ant t@ ftfta f lg«t

(HA) end sacond (1A) cycles of the pursx process carrisd out using e

laboratory atixer-aettlar and a yn tha t ie mixtu^aa of ncsptyniwa @neS

uranium are described in this report»

2. THE MIXER-SETTLtR UNIT

The usefulness of laboratory siixar^sottler studlas urn®
(13)by Damrack at ai , Such studies furnish v«luablQ data for tha shemissl

flowsheet of a process being investigated for processing of

matarials* The stags sample analysis of the various components^ in 3

raulticomponent extraction procsssj at the end of a eotmiaj^etJSTsnt-

extraciion experiment gives real ist ic and convenient equilibrium data

for the procasa. Such data ean ba compared with theoretical stages diets

obtained by graphical a? by computer calculations for the solvent

extraction process. Thus i t can provide valuable information which ie a

sound basis for scaling upo

A ^2"stage stainless steel perspsx minisnixe?<»@@ttl@? unit

(Fig 1 & a) of Euroohemic type^ ' fabsieatsd in Ts>ombaye ^aa used in

thi" r--'.«-t ^tudies« A l l the mixing coMpartmentQ ara on QR? aid® and

the set t l ing compartments are on ths apposite sida of the csntrel

stainJaee steel rsctengula? block which is suitably cut and machineda

Tfeto osrspex sheets (12 mm thick) uere fl*;ad on each faqa of

steal block using teflon gaskets* This made i t convenient to

t^e mixing and setting as wall as interface level duping

@f ths expsrifsant. Ala& i t prevented intssmixas QT

loakagss. Each mixer has threa holes whieh connesfc i t to tĥ@@

and each aatties alss has ihrae hoJaa tsihieh in turn

mlnats* Tha smuIeiGR! of ths l ight and hsayj? phsss^

this eentct ho la t© a eosrsspondlng s@ttl@^ »h@?@ felt® vtwo pls@@©@

end the l igh t phafiie sowes -f?op the top hois of ih©'
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tr. the adjacent mixer In one direction and the heavy phase mov/ss fiom

Ihc bottum hole to the adjacent mixer in th& opposite d i r a c t i c * Thus

the counter-currant flow of ae;i"rjou9 and organic phasss Is achieves in

the wixer-aeit ler uolt by gravity»

Tha tota l hold up volume of each stage, is about 40 ml. The

unit was operated with a combined flow ranging from about 4 ml to 10

iril/min rB&ulting In an overal l residence time of about 10 to 4 minutes

per stags. In the earl ier experiments the aqueous feed and the scrub

ware P8d to the unit at a constant flow rate using a capi l lary attached

to a constant level overflow systsm and the f lou of the organic solution

uas controlled using a stopcock attgehed to a similar overflow «ystam.

The rstes of the entering and outgoing streams were checked periodically

end could bo controlled within about jf 10^. In the later experiments

microflow meteriog pumps were ussd to feed a l l ths inactive streams

whereas the active stream was fad to the uni t only through the capillary

aa described ear l ier . The teflon micro-usllows pump obtained from

Pl/s. Research Appliance Company, U,S,A«f was used for T8P stream while

for inactive aqueous streams, pumps supplied by Fl/S • Shapotools India

and M/9« CIV mh89 Germany /̂ere used.

The mixing was achieved by using two stainless steel tubes

(4e5 ran die) in each mixsr to which vacuum was alternately applied.

The two stainless steel feubea in each. mlxere used for air pulsing to

achieve the missingo were alternately coinnseted to two stainless steel

headers using polyethsne tubes and vacuum applied to each header was

alternated using two three-way solenoid yalvas C/4" NPT)= obtained

froKt fl/s« Automatic Switch co» USAe connocted to s vacuum pump* Ths

vacuum pulse frequency could bs changed by an electronic timer and the

ulas amplitude by changing the vacuum* The pulse frequency was usually

maintained at 120 o/min and the vacuum used was about 4-5 cm Hg as was

measured with a rasreury manometer attached to the va'cuum system^ The

mixsr-settlaE1 unit was placed in a glows-box whereas the pumpss solenoid

valves etc*, were oftsids bslou the box.a Ths exhaust of the pump was let

in CO a naasby fumehood to snsurs radiochBmical safstyo •
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Tha aqueous pheaa outlet ffif fchs •lixaff^awifcles' unit n?as

9 polythana tube connected to th© bottoia of ths; last aottlav* This

tuba aas attached to an adjustat»i® BlaBtp i;«3 -snafole the eonlfol ©f

interface in tha lest stages In ©11 tha extraction ®Kp®sî 9nt@

nitsio asig waa the continuous phase whlla for tha pas* t i t ion in§

The adyantagas and disadua&tage® of yaitious typaa of th©

laboratory mixer-sattier wars atfmmayjUod by Sararask at a l y
6

pessent sssixer—ssttlar has tn@ following l imitat ions i

(a) Tendency of bypassing

(b) Tersdsncy to tjaekwrnlxing

(c) No interface control fop the indiv^Jc»I otagve*

(d) Dif f icul ty of stage sampling without d^tus-blng

the aquilib^ium conditions as the isolation of aseh

stags is not posaibis«

However awen with these l imi tat ions the s impl ic i ty and

compactness of this un i t made i t very useful in studying the

current extraction behawiour sf neptuniusa irndss the sanditions

to tha process aisssd at in the present irivsstigaticsnse

3. EXPERIPJfNTAL

233
Naptunium-23? was pur i f ied from i t s daughter Pa Jiy-.

of the l a t t s r from 7PS n i t s i o apid into 0«S ?l TTA in xylsne* The
237 ?31

pur i f ied NP was apikod with ffadiachsmically pus® Up os?
enable the estimation sf neptunium by gamnsa counting

for this purpose was asparated f?om pssriodieally i^iradiaied

uranium and Np bias prepsrsd fay irrradieting Kp ifffQdliatecl in -the'
sApsaraB reaetore The solution cf Np(V) &m prspared by th@ fol lowing

m@thsd» fasptuniufi?<°23? spiked » i th Kp e£ Mp in 1W n i te le acid'

solution was raducsd fee P3p(2V) using farrsus sulphsjnats (e£ 8«
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ths ttp(XU) utaa extff£€t&d in to G»SB TTA in xyl©n«« The ©wtieefced f4p(Xtf)

s t r ipped into 8W nitric? acid*. The s t r i p solution issas eerabted uifch

TTA to ?©m©wa any i ron present snd fesas subsequently scrubbed with

to Removev disaoluad TTA, Tha e t t i p solution In SFi s t i t r ie ss id

oontsining Np(XV) aa© the di luted to @OS1 and «*ia@ heatod on a Bete»-

fos" atosut an houy i«j OKidize Np(IV) to Np(^)e T'tQ OKidetion of

Mp(tf) ye® quantifcatius ®& was chsoksd by TTA Bxtesctioru

Tha solut ion sf Mp(U) fehua prapared yae added to uranium ss lut inn to

the feed for the ex t rac t i sn

U cony I n i t r a t e (solutions asre prepeesd by disaolwing (J»0_
3 6

UOL in n i t r i c eeida Uraniu© wag satiraatad epectcophotoiBStrically using-
(15)thiOcynats rasthosS « Ths eoneent-i-afeior? of n i t r i c acid in

uraniuia ©elution yas determinate by t i t r a t i o r r ggair«st standard sodium

©alufeiosii a f te r compl©Kiryg uranium by a s s i s t s*

i i t s o u s acid was estimated by using i t to d i a so t i s s sulphani*
and coupling tli© product with 5*i=.Ci-^apht«iyl}~@feh^l9ne diamin©

dihydseehlorids and raaasuring th© ©ptical dsn&ity a t 540 ^ A . apsetre«=
Ci?) • _

phatsmstE'icsally o Kitrous acid in ths TBP phas© was estimated fay

directly'" maar j r ing the absorb an ca a t 377

Vanadiuia(V-} so lu t i sn aas prepassd by dissalving 1(6

in d i l u t e sodium hy«na»d.s@ salutiers m\& t h e n ' n i t r i c aeid
to ife te give ths ' asidJ.fej? ef sbeut 2^«'Th^ esncsfiteatiors of

s t imate^ by reducing Vf^) fe^ith ese©ss fejroua i e
feh© encase ferreu© by ps^oKidisulphate and then

©e^yd fs^raatioR noticed

In toafslwra a Reac t ion -axpesiments^



23?Tha i n i t i a l concentration of Up in the aqueous feiisd was

about t«"3 /ug /» l 9 Tha feed to organic r a t i o was adjusted! fee <j|lv« ths

dsoirad uranium concentration in ths organic phaso* The attainment of

the equilibrium wag checked by periodic analys is of tha outgoing

8ts •as for neptunium gamma ac t iv i ty using a well-iy"1.. N*J(T1)

s c i n t i l l a t i o n counter9 Usually a continuous operation "off 3»^ houffa

from tha stiart gave a good hydraulic s t a b i l i t y aa was evident fro»

reasonably constant in te r faces in a l l tho s e t t l o r s * The run was

further continued fat 3—S hours (or swan longer sometimes) before

gquiiibrium ataga samples mare drawn for analyaia . About 1 ml of both

the phases from each a e t t l a r waa u$thdraun, with a syringe for anelyeis

a t the end of the run* I t u&e as3uread t h a t the aquiiibriura cond^tioria

remain almoat undisturbed uihils the s tega sampling utoa car r ied out*

4O RESULTS AND DISCUSSION

I t bias reported ' tha t in the feed solu t ion of the f i r s t

cycle of the purex process neptuniuic e x i s t s predominently m Hp{\!) which

i s not ext rac table in to TOP. As i t use proposed to reeouer neptunium

from the raf f ina te of ths uranium pur i f i ca t ion cycle9 i t was nscessary

to e s t ab l i sh the conditions so that neptunium could be caextraqtsd

into T8P along with plutonium and uranium in the HA and IA cycles e

Seueral methods were suggested to oxidize Np(W) in ths feed solut ion

to Np(Vl) which i s sx t rac tab la in to TBP, thus enebling tha ece
C

of neptunium along with uranium and plutonium* Bahr sugoestsd

f ̂
boiling ef the ssiutissr In ?S niteis asid while Swanaonthe addition of the synth&tis rate accelerating material which enhance

the rate of oxidation of Np(V) to Np(Ul) by nitrefea. However, the

method does not seem to be feasible on ths plant scale while ths

one probably needs furt!iar investigations before it eould ba us sad orj -the

plant scale* Tha addition of nitrous ©old which hslpf th& •Ojti.daW*1**' **&

Np(V) to Kp(VI) is commonly used 9 ' in many fuel «sp£0eea@4fag

Seiectivs oxidation of Np(V) to PJp(Ul) by U(v) wes ffiepoE-tsd by

and t̂ as suecaag fully uasd for the coextraetioni of nsptoniUB by



(25)
and &00E1 9 ©«©n though e l l the neptunium in the feed solution

fejsa present m ftp(y), Th© use of nitrous aeid and yansdluti) (y) t©

optimis© the aoBsttE^efcion of neptunium from the feed solution

containing mainly Np(y) wss investigated under the conditions

relevant to fehs f i ro t (HA) and eacond CfA) cycles of th@ pur@%

process*

JL^ A c j,cj

The calibration curve for the estimation of nitroue acid

is shown in Fig 30 The spectrum of nitrous acid in IBP is aho&sn in

Fig 4 and tha calibration curve used for the estimation of nitrous

acid kn T8P is shown in Figo 5.

The results of a typical counter-current asperintant earsisd

out for fens cosxtraction of neptunium with essontially a i l the neptunium

as Mp(v) in ths fead er© given in Tables 1»4e end the ooreasponding

neptunium extraction prof i le is shoian in Fig So The oxidation stafcs @f

naptufiiura in ths feed aolution uas always checked st the beginning

sno-' et tha end of the tniKsr^settlsr run. The presence of Np(lU) bas

ch@ek©d by i t s astreetion into 0o5fl TTA from 1P1 n i t r i c acid while

presence of Mp(̂ X) was checked by hsxone extraction from 1H n i t r i c

acid saturated uith ammonium nitr@-ts« Ths oxidation stats of neptunium

as Up(M) «es found to ssfaain almost unchanged and hence i t s

along tuith uranium (aas anly to ths oxidation of Np(V) to ^p(UI) by

teststs in ths pi-5CBnss sf TOP snhancod by nitrous scid aithsrtests p
(23) due to the formation of ths rate

lltm s@@ults o f

ssld I n •&' similar way

th© earrisd oufe usirsg nitrous

conditions are surasasrised in Tablo Bo

ls of

£fio£tjt'd&d in/Table So i t

i Gssh end

aeid in th© csutgeing

and th® essulta

that sore than

that

of nitrous
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was decomposed in similar mixes-3pttier experiments* The fraction of

the nitrous acid decomposed would depend on the nitric acid

concentration, uranium saturation, temperature and also, en th« rsaldanes;

time in the mixer-settler experiment. The present raauliss cannot

be compared with those given by Gtoh end Schlsa for tha lack of such

data.. Howavsr such da compos it ion of nitrous acid ia desirable as

the nitrous ecid addition doos not causa axcassius consumption of

sulphamate (or of hydrazina uhan U(Sy) la ussd) in th® partitioning

column uhere nitrous acid must be destroyed to enable partitioning

of plutonium from uranium quantitatively*

(2)
Groh and Schlea reported* ' that more than 90$ of neptunium

—3
uas coextracted when 10 PI nitrous scid uaa used in ths antering

organic stream uhsn the uranium concentration in ths outgoing organic

stream was about 70-75 g/l. In the Hanford reprocessing plant 5 x 10 R

HN0o in the solvent was usad to coextraefc neptunium with overall
(3)

rscuuorias better than 80^ . Tha results obtained in the prsaent

work compare wall with these data* Houevar, aa ths experimental datails

ouch as acidity and residence time are not reported for the data given
(2)

by Groh and Schlea , an exact comparison of ths present results is
( i
( 2Si

, Salomon at al reported that the recovery of neptunium
was maximum (̂ 70̂ ) when 10"~Pl nitrous/acid in the solvent was used and the

recovery uaa reduced to about 4C$ by increasing the nitrous acid to

10 n« Their results differ from the present results as wall as from
(2)

those given ' by Groh and Settles* Hows us z the difference in the

results could be due to different experimental conditions used*

From the raauita obtained in ths prasent studies (Table 5) it

can be concluded that more than 8O5S of neptunium could be caaxtracfeed

along with uranium if (a) ths uraniusn loading of the organic phase ;is

about 70 g/l or lass, (b) th© feed and the scrub nitric acid Goneenteation

are about 3W or more and (c) ths nitrous acid concentration in the solvent
-3 -2

is about 10 to 10 PL In the plutonium plant at Trorabay,, fead acidity



of 2.5 - 3.DM HNO and scrub acidity of 3 - 3«5R HftlO and uranium

loading of about 70 g/l are usedv ' . Therefor© tho above conditions

seem qu.'.te compatible with the process*

46? Coextyaction q̂

reported that Np(u) in HN0_ is almost quantitatively

oxidized by U(v) while a very small fraction of Pu(iy) is oxidized to

Pu(Vl) by y(y). Experiments ware carried out at room temperature (*-'230C)

to check the oxidation of Pu(XV) over a period of 24 hrs, in the

presence and tha absence of uranium (lOO rag/ml). I t was observed that

the oxidation of Pu(lV) (^ 10" PI in 2 and 3M HNO,) by U(U) (^ lO^2!8})

was only about 5-7$.

The results of ths two countsr°*cu?cent experiments carried out

by adding V(V) to the aqueous feed Rcntsining Np(y) are given in Tables

6 and 7 end the corresponding neptunium extraction profiles are shoujn

in Tigs 7 and 8« From tha data given in Table 6̂  i t is seen that there .

taaa ©cms rsflux of neptunium in ths scrub region and this aas probably

due to the reduction of extracted Np(Vil) to Np(V) in this region as

the holding oxldsnt V(y) taas not present in ths scrub section* Behr(9)

has reported that the reduction of: Wp(Vl) k® Up(\S) by light is favoured

by tho presence of uranium as yell as of the organic phasee Although

in s l i ths sxteaefeion eKperiments with Np(u) in the feod, lights yere

put off3 campiets protection tagalnst l ight ass not possible., Housver,

the mixer»satt3.@7 unit <jaa protscted against light by covering i t

saifch a bleek .papev in the following miK@r«>8ettl@? ©spasimants in ahich

neptunium b!«s praaenfe as Np(v) in the

more ..experiroente uer^' carcisd e«t in feihich y(v) Introduced

at the 2nd and &ih sfeage (from thg feed sfeag®} faixgr in tha aKtsaction

aectiewe Th® rasulte of these experiments are given in Tables 8 end 9

and,the respective neptunium profiles STB shown in the Figso 9 and 1GO

The Oi:idatidn ststa of neptunium in the feed yas checked as described
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•arl£«r at tha beginning as wall as at feh@ end of

The results of thasa espsrjiniBrsts show that by ueing

added either in tha faad or in tha extraction saction,, naptuniu*

coextrac'tion acheivsd could be usara than 90£« Although the condition®
(25)

used by Behr and Koch for sirailsr ejcperimants are not knows % the
present rasulta are in good agsaasaaitt with their rsaults.

I f v(V) ia to be added to the fsad i.i the plutonium plant,

prior to ita addition i t ia nec*aaary to destroy a l l ths nitrous

acid praaant in tha feeds Nitroua acid, which i s usually added ta th*

feed solution to adjust the oxidation state of plutoniua to Pu(XV)f

reducaa U(V) inatantanaoualy* Air aparging la nor.nally uaad to taix

tha feed solution after adding N-aNO. to i t and this causes almost a l l

ths nitroua acid to dacompoae. Air sparging should therefor* praceds

the addition of U(v), thus minimising i ts reduction by nitrous acid*

Tha oxidation of Np(v) to Np|M) by y(u) is knoan to bs quits ^

Nitrous acid prcduced sadiolytically eubsequsntly would reduce th@

remaining U(U)» This houeyar, would not affect Np(Ul)« Thus uddifeion

of 10 tl to 10 PI V(V) to the feed qfte? air sparging should enaur®

the oxidation of Rp(w) to Np(Wl)B without affecting significantly the

oxidation stats of Pu(lV), snebling i ts mlmost quantitative ccaKttaetiorj,

I f the addition of \l(U) in tha fead is not acceptable to

ths p£oo6SBt i t can be ineroducod in the axtraetion aaction» a oaup3.it

of stages after the feed staga» This alternate method has th« adwantags®

that plutonium does not cons in sonrtartt with V(u) as most of tha

plutonium gets outractsd in the earlier extraction ategas and that

complata destruction of nitrous ecicS in fcha feed is not nscaaeasy

as any nitrous edd present in the fsed gats extracted "into•-,t

organic



In cojualueion i t can h® sa id that, the usa of W(u) fog

thB emldatlon of Np(V) to Np(VI) i s a very promising seined for tho

coexi£BDtIan of neptunium although most of I t i s p r e s e n t in the feed

at Np(V}« The rccougsy of neptunium upto 9t$ can be achieved by

using V(V)»
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CONTRACTION Of NSPTUNIUFS BV USING NITROUS ACID
( S t a g s SaepX©» Analys i s )

st

1

2

3

4

S

6

?

8

9

10

1-8

12

• J Np aetitf i ty

' Aquaoua

(org.antry) 2.7S

4.34

7.22

13.1

26*9

50.1

(reed «ntsy) 70«3

58,4

S8.3

53.1

33.0

(Scrub antry) 29.5

In C/50 sac/al s 10*

< i Organic

2a31

4.63

6.45

1Q.7

17.8

22.9

23»S

23.2

13.5

13.5

10.1

10.9

J Conc»rjtr»tJLoii of
«L.MSiniui.,. in,., f «Q /» I ̂

I Aquaou* <

•

•

0.3

17.4

1S4.8

7.5

Sa3

SoO

S.4

Otgsnio

-

-

13.0

7B.S

?2,0

72,0

73.2

69.6



TESTING OF OXIDATION STATES OF NEPTUPJ1UP! IN THE FEED

Timo I Np^eUwity infDietribution • JONp actiuUy in jBistrlbution

MP{ Coefficient

JL—.*—.iLZ™ g JL I

' L 9 i " n i ? 9 ° f 4.11 K 104 67 0.001 906S*104
 3O17K103

thi •iipt. 4 # 1 1 * 1 0 S7 O o 0 0 1 9O6S«10- 3017a1Q" 0eQ32

S 3 5 '>!
End Qf tha «Kpt 2.04 n 10 4 « 0 9 K 1 0 0r021 1a21s10 7eQKi0 0oQ58

(©) 1.0 ml Fesd • 2»0 e l Mate? * 3«0 gil 085M TTA equ i l i bss ted .

( b ) 1,0 stl FBQCJ + 4 e 0 ml # 0 , , saturated by NH NO- + 5.0 s i
4

labla 4

CALCULATION ®? % EKTKACTION OF

(C/SQ sac) I n yadieus streams ?
peg ainut© x 1Q"S ?

outgoing
»gB^aBfl»at»^|H|i|Wl»lllllll<Lll'l>|lllllllll>'

5<,80 0oS7 7«45 87



Tabla_5

CONTRACTION OF NEPTUNIUPI BY BSING NITROUS AGIO
(Summary of the r e s u l t s )

Fm¥ ,. ! Ni ts i (

1

2

3

4

5

§

a

9

* Feed

3

3

2

2og-

3

3

: acid eonc.ii

> Scrum
•
t j

3

3

3

3

3

3

3

3

3

! Nitrous
a

TBP-in
1
r

M i l

3 ,0

„?.•*

9.1

9«3

4,7

1,5

acid cone.PI x 10
„„Ml..!.,,..,,,.,,,,,,, ~,J

S TBP-oufc
9

-

-

•

-

-

4*4

1.7

0.3

Concentration o f
• uranium in the

outgoing T8P

70

6&-70

60-70

70

80-85

6S»?Q

SS-72

S2-S7

64-S7

; % sx t rac t ion
; or neptuniuw

I f

100

70

es

2S (e)

97

@3

e?

eo

Motes EspesimsRts 1 and &="9 asps dc?ne using Hp esfeivity
T@P without ps®cpjilite@t°ioiio

fa) l ieptuRim !*as found to re lux ifi the scrub ascfeiore dus
to high



OTBAGTION OF NEPTUNIUM BY USI&IG

18

21

280

9»4 sc 10~"W

8o3 x 10 C/SO sac/ml

1*2S

nil
eNp a e t i v i t y i n outgeing stress® 1 Cencentrstian of

£/80 @©e/ml s ID1™2 J Uranium i n fcha oufc=»
going organic

0 i? genie
g

Crag/ml}

1.78

1,92

281

201

% ®t nsptuniucsi tiosKtrsetsd i n t o TBP
analys is) as S00
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EXTRACTION OF NEPTUNEim BY USING VANAD!U!l(V)
(Outgoing atseama analysis)

F«cds

« 32© &g/@&

s 9*4 K 1(9

« 8«48 s fO C/SG

Flow ratas (Kl/"in)s Fsed « 1,2$

Scrub * O.S

Solvent a S*4

"OT

Tim a

S f4p act iv i ty in th@ outgoing
S C/58 aac/tal s 10 3

% " 1 B* !™*~" O T < i l t**°™ 1 !™ i^ <°* M°* M~f~** < B^^

14 2eS2 12,3 «*

15 1.74 • 16.Q " -

16 i.?4 16.3 ' -

17 2.OS 1§,Q 72

18 SO?S 16.0 ?§

19 «5»2S 15,3 73'

Hot©s % ef neptunium ea©Kt&Qetod Intg TBP



EXTRACTION OF RJEPTU^lUa BY USSISG

(Uj ss 344

n\tf) m 2,12 K 103 o/SQ

• 3 ft

tt(tf) « O,B

. i y in outgoiga ®ti?ea®a J ConoentestlQn of
t iate | ... C /SQ-BSQ/®L. * 10 2 | i^ariiuia in ths eut-

0.6 36S

42V

1B . ..-. .. Oa : , • 377

into



EXTRACTION OP NEPTUNIUM BV USING VANAOIUW(V)

f e e d s (HMO_) » 2 B

(ti) e 344

*» 2*08 x 105 C/EO ««c/«l

SccubJ (HMO,,) « 3 H

1 . 0 C

» 3 H

Flou) rates

Scrub <s 1«1
Solvent » 6.S

s 0.5

S 23B »
* a'p activity in outgoing sttaaiw iCeneent;atisn ofTime I C/50 ©ee/j&l M 10MlS | tn the owtgoin

| Aqueous o Oegsnie |

14 1e@8 41.1

15 0«39 3?»3

15 1,0S . 23.G:

1? 1.21 39.2

18 1e49

19 1.36

fi©t«a ^ of napttmius GOSKtsaelad irjfea TS55 is SS



Fig. 1 (a) - A vie* of the row of Mixers

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



Fig. 2 - A view of the glove box housing the mixer - settler unit
and other accessortes



OF MJTRITE-CALfBRATIOM CURVE
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FIG. 4.
SPECTRUM OF l&P NNO^LANK T@P 30% 8N SST.)

. CELL
SPEED: I0A/Seo.
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EXTRACTION PR0F5U OF NEPTUNIUM
URANIUM IN THE PRESENCE OF NITROUS ACI0.

(FOR BVPEfUMEmSL CONDITIONS REF. TABLE.X.)

_ _ .URANIUM PROFILE
A 'AQUIQUS
# 0MAN16

08SANIC
T

-wo

i



mtnmnmpmwii$ or NEPTUNIUM USINO
saiid̂ -M VAWAWUM'WI IN



FI0. &
PROFILE OF NEPTUNIUM USING

£ I0"3M VANADIUM (VI m THE FEED.
(FOR EXPeRIMENTflt, CONDITIONS REF. TABLE 7.)

10

ORGANIC
•

FEED
STAGE NUMBER

SCRUB



.PIG. a
ivy.w»$ ADDED TO
BEF0RS THE Fggp STA0K.

CON0IT1ON8



EXTRACTSOM PROFILE OF MEPTU&SIW WHEN
VANADIUM (V) WAS A©9ED T© THE a NO

BEFORE THE FEED STA6E.
i FOR EXPERlMgNTAt CONDITIONS REP. TAiLE 9 J

V 0 | FEED

STAGE NUMBER



FIG.M.
PROFILE OF NEPTUNIUM (IV), URANIUM (VI)

AND HNOg IN THE EXTRACTION
_ i r-9? EXPE.^'ME'NTAL CONDI TIOIVS fl'EF, TABLE !i.)
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