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ABSTRACT

It iz proposed to recover neptunium=237, alenguith
wranlium and plutonium, duving the fusl reprocessing in the PREFRE
Plent at Terepur. Counter=current extractien studies, relevent to
tha codecontemination (HA} and partitioning {IA)} cycles of the
puUrex procsss, were carried sut €5 arrive at suiteble chemicsl
flowsheet conditions which would ensble the coextraction of
neptuniud alonguith urenium end plutonium. Th3 resulte of the
studiee carrisd out using e leboratery mixer=settlsr unit and
syanthetic mixtures of neptunium and urenium are reportec hers.
Sesed on these reaults, ths chemical flowsheset conditions are
propoged ‘ar the cosxztfection of neptunium sven if it oxists es

fMp{V) i the aqueous fesd solution.
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PART = 1

1. INTROUDUCTICN

Neptunium=237 is formed n kilegrem guantitics inm nucleer
power raactors with high burn-up, especially with enriched urenium

fuels. Although it was discovered nearly 30 years ago(1) this

?

isotope hes assumed increasing importance only recently as it is (2)
238
pU .

Because of its very desirable nuclear decay properties, 238Pu ie one

primarily used as the starting material for the production of

of the mest suiteble heat sources for fuelling the redicisotopis power
sources. Plutonium=~238 has a specific power of 0.55 watt per gram and
emits little gamms and neutron radiation(g)e During fuel regrocessing
by the purex process, 237Np can be reccvered as a valuable by=product
slongwith plutonium and uranium(2-7

about 5=7 Kg of 237Np is expectad to be produced annually assuming a
burneup of 15000 to 20000 MWO/T and 80% load Factnr(e}° From Rajasthan

237
Np is expected tc be produced

« In Terapur Atomic Power Reactors

Ktomic Power Reactors about 3-4 Kg of
per vesr. 1%t is proposed to recover 237Np, along with uranium and
plutenium, during the fuel rsprocessing of the spent fuels from both

thess reactorse The present work was undertsken with a view to arrive

at optimum conditions for the recnvery of 23?Np in the fuel reprocessing
plent under construction at Tarapur. 1t is known thet in the purex process
237Np cauld be forced to follow the aqueous raffinate, plutonium or
uranipum stream by carefui choice of acidity, uranium loading of the

237
organic phase and the oxidation state of 3

f'p. 7t was, howsver, felt
that it would be most convenient to rececver neptunium from the raffinets

in the uranium puritication eycle (2D cycls).

The distribution cosfficient data reported on the extraction
of Np{iii) and Np{UI) at varving nitric acid and ursnium concentrations
- ‘ - {12} 9,12
(9-11) and at 45°C(‘2’ end ED@C( s12)

that both Np{iV) and Np{VI)} would get extracted sppreciably under the

obteined st room temperature showsad



the- purox process conditicne. It was;, however; nocessary te ocerey

put countap-current axtrection atudiea reluvent to the puron proesssd
to eatablish the sama, The results of the studies carried out for ths
coextraction of neptunius under the conditions reilevent to the first
(HA) and sacond (IA) cycles of the purcx procees carrisd out ueing @
laboratory mixer~asttlur and synthatic mintures of nepiunium and
uranium ace describad in this réport.

2. THE MIXER-SETTLER UNIT

The usefulness of laboratory mixeressttier ctudics was summerized
by Jamrack st al(13). Such atudies furnish valuable dats for thae chomissl
flousheet of a process being investigated For progessing of nusloarp
matarials, The stags sample snalysis of theo various componsnts; in a
multicomponent extraction process, at the end of a counter=current
extraction experiment gives realistic snd convenlent oquilibrium data
for the procass. Such data cen ba compared with thaoraticél otages date
cbtained by graphlical ur by computer celculatiens for the solvent
pxtraction procass. Thus it cen provide valuweblse infocmation which ig a
sound basic for scaling up. '

A 12-s5tage stainless eteel psrspex minlimixer-settler unit
(Fig 4 & 2} of Eurnchemiz type(1ﬂ) febricated in Trembay, wes ussd in
the r7-==2=¢ atudiss, ALl the mixing compurtmente are on ore slde and
the set’.ling compartments are on tha ﬁppnsité side of the centrel
stainlase steel ructanguler block which ie suitably cut and machined.
Teo nerspox sheets {12 mm thick) were fixed on each face of the eteinlasa
steal block using teflon geskets, This wade it convenient to observe
the mixing and getiing @ woll as interface leval during the progress
of the experiment. Alscu 1% proventad intsrmixer or intersettlor
laakagaas. Each mixer has threo holse which connect it to thres s2oitlsps
and each settler also has three holes which in turn conneet it &0 thres
miners. The emulsicn of the light and hoavy phases lesvee & mixsr frem
the centre hols to @ corresponding settler where the two pheses are
separatad end the light pheses moves Prom the top hole @#’%hé’@eééﬂaﬁ;fff



-3 =

te the adjacent mixer In one directiorn and the heavy phess mouves f;om
the bottom hole to ths adjacent wixer in the opposits directicr. Thus
Lhe counter-current flow of acvqous and oarganic phases is achieven in

the mixer-seitler unit by gravity,

Thae total hold up volume of each stage is about 40 ml. The
unit was operated with & combinsd flow ranging from ebout 4 ml to 10
ml/min resulting In an overall residence time of about 10 to 4 minutes
per stags. In the earlier experiments the agquecus feed and the scrub
warce fPed to the unit at a constant flow rate using @ caplllary attached
to a cumstent level ovarflow system and thsa flow of the erganic solution
yas contrelled using 2 stopcock ettsched to a similar overflou system,
The retes of the entering and outgoing streams were checksd pariocdically
end could be controlled within about 4 108. In the later experiments
microflow metering pumps were usad te feed all the inactive streams
wheraas the active stream was fad to the unit cnly through the capillary
as describad zarlier., The teflon micro=bzilows pump obtained from
M/s. Research Applisnce Compuny, U.5,hA., was used for TBP stream while
for ilnactive agueous stresms, pumps cupplied by /s, Shapetools India
and Mfs. CIY mhB, Germany were usod.

The mixing was echieved by using two stainless steel tubes

(4,5 mn die) in sach mixer to which vacuum was alternately applied.

The two stainless stesl tubes in eachﬁmixar,'used for air pulsing to
achisve the miging, were amlternately sonngeted to two stainless steel
hzadeors using palyéthana tubas and vacuﬁm applied to each header was
alternated using)fwn three-uay solenoid valves (V4* NPT), obtainec
From M/Be Automatic Switch co. USA, connocted to = vacuum pump. The
uacuun phlae Frequency could be changed by an electronic timer and the

ulaa ampiitude by changing the vacuum. Tha pulse frequency was usually
naintalnad at 420 q/min and the vacuum used was about 4=5 cm Hg as was
'measurad w;th a8 mercury mancmatar attached to the vdcuum system. The
mixerwsehulsr unit was placed in & glove~box whereas the pumps, solenoid
ualves ato. were cutside boslow the box. The sxhaust of the pump was let

inco & naanby fumehood t0 snsure radlochemical safsty. -



Tha aqusous phese dutled of thae eixer-snttler unlt wes through
a pelythsna tube connected to the bottom of the last estiler. This
tubo was attachsd to an adjustablis clamp to onable the conlrol of tha
interface in the last stags. In all the extractivon experinmente sgueous
niteic asid wes the continuous phase while for the paptitioning
axperimsnts 30% TBP/ShellsoleT wan the continuous phoge.

The adventages and disadvantages of werious &ypas of the
laboratory mixer=-sattler wers aummerlized by Jamrack &t al (13)0 The

present mixer«assttler has ine following iimitationass

{s) Tendency of bypsssing

{b) Tendency to backemixing

(c) No interface control for the indivliical stages.

{d) Difficulty of stage sampling without disturbing
the sguilibsium conditions as the iselstion of asch
stage i not poesible. '

Howsver even with these limitatioms the simslicity end
conmpactness of this unit made it very ussful In studying the countzpa
current extroctlion behaviour of neptunium under ths conditicns relevent
to the procasez =imsd at in the present lnvestigations.

Je EXPERIMENTAL

NHeptunium=237 was purified frem its dsughter 253?3 hy- BXtP@ﬁﬁiﬁﬂ
of ths lattar from 7 nitric enid into 0.5 @ TTA in xylang. The
purified 23 7Np was spiked with radicchemically pure zngp or aﬂ@ 1]
gnable the sstimation aof neptunium by gamma cnmnting@ Haptunium~23@

for this purpuse was separated from pericdically irraﬂisfed natuesi

uranium and 238Np wag prepared by irradieting 23?&9 irradiated in the

d4psera® rsactor. The soluticn cf Np(y) was prepazsﬁ by the ?ellﬂwiﬁg ,
mothods Heptunium=237 apiked with 239 g op zsaﬂp ;n 1M niteie a@i@ '

golution was reduced to Np(IV) using Perrcus sulphemake h&ﬁﬁe?ﬁﬁ ant



the Hp{iV) wne antracted inte 0,58 TTA in xuylene. Tho sxtrectsd Hp(IV}
was atripped into B nitric scld. The sirip solutlon was escrubbed with
8.5 TTA te seomove eny iron prasent end wes subasqguently acrubbed with
benszena to vomove, Gissolved TTA, The eteip solution 4in &8 mitrie esid
sonteining Bp(I¥) wvee the dilutad to B.5M and was heatud on o wetap=
bath for about on hour te oxldize Hp(IV)} to Np(¥). The exidation of
Hp{Iv) te Np{V) was guantitetivs ae wes checked by TTA extrection,

Tha solution of Np(U) thus prepared was added to urenjum somlution to
propara the feed for the extractisn experiment,

Uranyl nitrate soclutions were prepered by dissolving ”306 oF
u33 in nitric acid. Ugigéum was eotimated ppectrophotomstrically using
the thiocynate sethod o The concentratlon of nitric acld im ths

uranium selution wes detsrwmined by titratiom doeinet standard sodium

{.a
hydrexide saslution after complexing uranium by nxsla&a‘iﬁ)e

Hitrous scld wes aétimatad by using it to diszutlss zulphanie
iamide end coupling the product with Ne{l-faphthyl)=ethylane disaine
ﬁihydrcehlaride(gg? measuring the epticel dansity abt 540 B speotro-
photomatrically o Mitroue acid in the TBP nhass was wsliimated by

diroctly meer uring the sbsorbense at 377 mjﬁg'g)m

Vansgiua{V¥) solution was prepared by disesslving V B (LR
g%ad@) in dilute sodium hydroxide solutlon and then nitric acid wes
sddod ta it te give the aseidity of shout M. The concentzation of
uenadiuﬁ{ﬁ} wes ostimated by redveing Y{V} with excese Perrouvs to

'v(EWJp @%imizing the excess Terrous by pamﬁniﬁisulphata and then
tgﬁtmﬁiﬁq V{IV) with standerd KAnd , &Oiﬁ*iﬂr(ig)

36% TBP in Shelleol~T wes ueed &8 the solvent in @il the
@%@ﬁrimaﬁ t3s In @ Pow initisl oxperiments, 500 TBP vwes prewaquilibra%ad
with 4 ﬁii“i“ acid price to uss to svsid the scrud Formation noticed
in ugaﬂium sriragtisn @wpaminent@‘gnga Thiz, howover, was Tound

_unﬁs&mgeawy_and wes dissombinued in most of the sxparimente.



Tha initial concantration of zs?ﬂp in the sguecut fokd wag

about 13 ug/ml. Tha fesd to orpanic retic waes adjusted to glve the
dssirsd vranium cofcentratien in the argpﬂic phags, The attainment of
the aquilibrium waa checked by periedic anélyuis of the outgaing

atr =98 Por neptunium gamma sctivity uaing a well=ty:-. Nal{Ti)
gcintillation counter. Ysuall; a continuous oparatior Tor §~¢ hours
from tho start gave a good hydraulic stebility as was evident from
raasonably constant interfzges in all the settlers. The rum wae
further continuad for 3=& houre (or even longer scmetimes) before
sguilibrium stego samples wore draun for analyslas. About 1 ml of both
the phases from sach esttler wes withdraun, with a syrinpge for anelysis
at the end of the run. It was essumed thal ths aguilibrium gonditiors
ramaln almoet ‘undisturbsd while the staga sampling wee carrisd out.

4, RESULTS AND DISCUSSION

It was reperted(ﬁ’21) that in the feed solution of the first

cycle of the purex process neptuniup exists ﬁreduminantly.ea Np(V) which
is not extractabls into TBP. As it was proposad to regover nsphtunium
from the raffinate of ths uranium purification cycle, it wes nevessacy

s establigh the conditions sc¢ that naptunium could be coextractod
into TBP along with plutonium end uranium-in the HA and IA ecycles.
Seversl msthods wsre suggested to oxidize Np(V) in the fsed solution

to Np(V1)} which is extractabls into TBR, thus enebling 2ha‘eazxtragtion
of neptunium alang with uranium and plutonium, Bahr sug?aated

hofling af the solutior 4z ™8 nit

splutig £iC &0id while Swanson® 22) pmnpnead

the additicn of the aynthetic rate accelerating material uwhich aenhance
the rate of oxidation of Np(V) to Np(VI1) by nitrats. Howsver, the Pormes
method does not seem %o be feasiblie on the plent scosle uwhils thn,iattar
one probably needs furtiier investigakions befors it could be used an tha
plarit scale. The addition of nitrous ecid which helps thi oxidatinw of
NplV) to hp(“l) is commonly usad( »23) in many fusl reprocesaing. plantaa/
Selective oxidation of Np(V) to Np(w) by V{V) wes reported. by, ﬂukﬁl{m

and was successfully used for the coextraction @Pinaptuﬂiﬂﬂﬁqywaghﬁf



(25)

and Hogh s BYSN though ©ll the neptunius in the Peed sclution
wes present as Hp(V). The use of nitrous acid and vensdium (V) te
optimize the cosxtractlon of neptunium from the feed solution
contalining mainly Np{(V) was investigeted under the conditions

relevant to tha firot (HA) and second (JA) cyclas of the purex
pProcess.

4.7 Cogxtraction of Weptuniwe uaing Nitzous Acid

Tha celibration curve for the estimeiien of nitrous acid
is shown in Fig 3. The spoctrum of nitrous ecig in TBP i1s ahown in
flg 4 and the celibration eurve used for the‘astimatiun of nitrous
acid in TBP is-shoun in Fige B.

The results of & typleal counter—currant experiment carrisd
sut For ths coextraction of noptunium with sesontislly all the neptunius
as Np{V} in the Tsed ere given in Tables %1=4, end the curfsaponding
naptunium extracticn profile is shown in Fig 6. The oxidation stete of
paptunium in the feed solution uwas aluays checked st the beginning
ang- ot the ahd'n? the mixer-settlsr run. Thae prasence of Np(I¥) was
checked by lis sxtraection into 0.5M TTA from 18 nitric acid while
prescnce of Np(VI) was checked by hexone extraction from M niteic
“gcid gaturatad with ammenium nitrdts. The oxidation state of neptunium
as #plV) was found io weéain almoat unchanged and hence its coextractisn
along with wranium wes mnly to the nxidation of Np{V) to Np(VI) by

natzats in ths ﬁfsasﬁﬁa ‘5§ TBP snhencsd by nitreus acid eithesr
23 i . o .
catelvtical%y( ) or dus to tho formaticon of the rats asceslarating
22 :
,metsriali

The vesults of £l the axperimonts cerrisd put using nitrous
agiﬁ’in-a‘aim&lax way under various conditions are summerised in Teble S.

En a gnupia of sxperiments nitrous seid in the outgeing organic
‘latrwam waa analys@ﬁ apectrap?etenetrieallyé 18) and the rosults ars
1ncludﬁﬂ in Tabl@ 8, 1t wes observaed thet more then 50% of nitrous occid

was dagampﬁaadn Groh end Schlea rapurtaﬁ(2) that 900 of niteoue acid



1-:-8-

was decomposed in simllsr mixer—settler experimente. Tha frsction of
the nitrous acid decomposed would dspend on the nitric acid
concentration, urenium saturstion, temperature end also on the reaidencs
tims in the mixer-settler exporiment, The present reasulie cannot

ha compared with those given by Grah end Schlsa for the lsck of such
gata. Mowever such decomposition of nitrous acld is desiraebie as

the nitrous ecid addition does not cause axcsssive consumsption of
sulphamate (or of hydrazine when U(XV) 4is used) in the partitioning
column where nitrous acid must be dostroyed to snable partitioning

of plutonium from uranium quantitatively.

(2) that mora than 90% of neptunium
was coextracted when 1O°3N nitrous scid uaa uasd in the anterlng

Groh and Schlega reporied

organic stream whsn the uranium concentration in the ocutgoing organie
stream was shout 70«75 g/l. In the Hanford reprocesaing plant 5 x 10"3h
HND, in ths solvant was used to coextract neptunium with oﬁarall
recuvariag batter than BO%(S). Ths results obtained in the preasnt

uerk compere well with these data. Houwever, as the experimental detaile
such as acidity and residence tlme are not reported far the data given

(2)

by Groh and Schlea » an exact comparison of the present rasults is
notpossibla. Salomon et al repurtad(25) that the recovsry of neptunium
was maximum (~70%) when 10" nitrous/acid in the solvant was uysed and ths&
recovery was reducsd to about 40% by incressing the nitrous acid to
10 2M Their results differ from the present results as wall as from
those given 2) by Groh and Schlea. Housusr the difference-in the
results could ba dus to_différent‘experimental nunditinns:usad}v

From the results obtainad in the praéant'atudiaa (TébleS)wit
can be concluded that more than 80% of neptunium: eould be caaxtraeted
along with urenium if (&) the uranium loading of the. orgenic phose.is
about 70 o/1 or lass, (b) the Peed and the ecrub nitric acid concentreﬁiun
ars about 3M or mors and (e) ths nitrous acig enncantratian inithe‘soluant
is ebout 10 ™3 4o 107M. In the plutonium plent at. Trnmhay,fk 7




of 2.5 = 3.0M HN!:!:5 and scrub ecidity of 3 = 3.50 H!‘JO3 and uranium
loading of about 70 g(l are uaed(m)o Therefore the above conditiens

seem quilte compatible with the process,

action of Nap

(2¢) reported that Np(V¥) in H&Us ies almost quentitatively
oxidized by V(V) while & very small fractien of Pu{IV) is oxidized to
Pu(Vl) by (V). Experiments were carried out ot room temperature (~23°C)
to check the oxidation of Pu(IV) over a period of 24 hre, in the
presencoe end the absence of uranium (100 mg/ml). It was observed that
the oxidation of Pu(IV) &~:10°am in 2 and 3 HNDS) by (V) (—a1u”2ﬁ)

wag only about 5-7%.

4.7 Cogxtr

tunium waing \

Dukes

The results of the two counter—cucrent experiments carried out
by edding V{V) to the equecus feed contsining Np(V) are given in Tables
6 and 7 end the corresponding neptunium extractlon profiles arse shown
in Flgs 7 and 8. From the data given in Table 6, it is seen that there.
wes some raflux of neptunium in tha scrub reglon and this was probably
due to the raduction of extracted Np(VI} to Np(V) in this ragion as
the holding oxident Y(V) was not present im the scrub section. Bahr(9)
has reported that the reduction of Mp{vi) te Np(V) by light is favoured
be tha pnreasence of uranium as well as of the orgenic phass. Although
in #ll the extraction experiments with Np{V) in the feod, lights uere
au% ;f 9 campl@ta protactiun against light wes not poseibls. However,
the mixer—aettlar unit mas protected ageinst light by covering it
with & ﬁl&ck paper in tha following mixer=gattler experimants in which
nqpﬁgq%g@,@aerprgaant_as Wp(V) in the fesd.

:f ?ﬁE mé§§;§§pafiments were earrded out in which Y(V)} introduced
ﬁé the 2nd snd 4th stage (from ths foed stegs) mixgr in the extractien
aactiuﬁ; The resulte of these expsriments are given in Tables 8 and S
ahd\ﬁhe'reépactiue neptunium profiles sre shoun in the Fies. 2 and 10,
The oxidaticn state of nepiunium in the fesd was checked as described



sarligr at the beginning aa wall as at the end of the experiment.

The tesults of these experiments show that by ueing ¥{V},
added cither in tha fead or in tha extraction saction, naptunium
coextraction achaived could be mora then $0%. Although the conditione
used by Bahr and Koch for similsr experimente are nnt'known(zs). the

present reasults are in good agreement with thalirp raaulée.

Ir v(¥) is to be addad to the faed in the piutoniun plant,
prior to its addition it la ncoeseary- te deatroy all ths nitrous
acid presant in the feed. Nitrous ecld, which ie usuelly added to the
fued solutlon to adjust the oxidstion stats of plutonium to Pu(IV),
reduces V(V) instantaneously. Air sparging is mormally used to mix '
the feed solution after adding wau to it end this causes almost ell
the nitrous ecld to dacompuae. Air spetging should therefurn pracede
ths addition of V(V), thus msnlmieing its reduction by nitrous scid.
The oxidation of Np(V) to Np(UI) by V(V) is knoun to bs quite rapid(z')'
Nitrous acld preduced :a¢101ytically subsequently would reduce the
remaining V{V). Thia howsver, would not affect Mp(¥I), Thus addition
of ﬁouaﬁ to 10°R v(V) to the feed gfter air sparging would ensure
the oxidation of Hp(V) to ¥p{VI), without af%acting significently ths
oxidation state of Pu(IV), enshling itz almost duantitative coextraction.

. 1f the addition of V(V) in the feed is not acceptable to
ths prccese, it can be introduced Ln the extraction lontinn, 2 couple
of stages after the fesd stage. This altarnata mathod haa thu aduantagas{
that plutuniua does not come in contact with h(v) as must of the .
plutonium gots eoxtracted in ths earlier extraction utagna and that
completa destruction of nitrows acid in the fesd is not. nacaaaary‘

as any nitrous scld prasent im the fasd gatg axtracted into tha
organic streem, ‘




In conglusion it can ke said that ths use of V(V) for

the oxidation of Np(V) to Np{V1) is & very promising method for tho
coextraction of nsptunium altheugh most of iltlspresent in the fead

es Np(V). The recovery of neptunium upto 90% can be achieved by
ueing V(V).
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COERTRACTION OF MERPTURIUB BY USING MITAOUS ACID
{outpoing atrecme eneliynis)

Fasdt (140,) e 2.9 ®

(u) = 359 mo/ml

(zaehp) m 6.6 % 10° /B0 Sec/el
Serub? (Hauab = 38
So* vants 308 18P (MNO,) Solvent = 4,7 x 10™R

Flow retes (mi/min} Feod e 1,2
Sorub m f.0
Salvont = 6,0

. §§3§Np getivity in the eutgeigg stroans ¢ Concontrocticn of
Tims ' t/S0 eso/ml x 10 uranium in the oute
NG § T * going organioc
» H Agusaus v Brganic : etream (@p/el)
& : A
11.0 2036 5,25 64
1240 2478 7068 70
3.0 326 18,7 67
84,0 2486 o7 &7
1550 R Y 293 62
180, 2.82 195 63
0. . 286 114 o 6

$8.0 - 2.66 1008 68

Lomen T




Iahlg 2

COCKTRACTION OF NEPTUNIUM BY USING NITROUS ACID
(stagas Ssmples Analyasio)

<

g ﬁaNp activity in C/50 sec/ml x 10'55 Concentration of
Stage No. © . —i-vnanivejo (es/el) .
: Aqueous . Organic i Aquasus ! Organic
1 {orge.antry) 2,78 2,34 = -
2 - 4,34 _ A,.63 : ® -
3 - T«22 G.45 e -
4 Lo 13.1 1007 @ ot
5 = 2609 1708 063 ‘93-0
8 - 50.1 22,9 17.4 872
7 (Fead entoy) 70,3 23,5 184,0 75.8
8 - 58.4 - 23,2 7.8 72,0
9 - 5508 1305 5-35 7200
10 - 5341 1305 8D 7342
74 - 330@ 1001 5-& 5906

12 {Scrub antzy) 29.5 10,9 5.0 89,6




Table 3

[t iy

TESTING OF OXIDATION STATES OF REPTUNIUR IN THE FEED

5__ ___TTR Ext.' 8 Hexone Ext. >’
Lod v h T O -
Time 5 igaﬂp activity iniDistribution E zgaﬂp_ectiuity in g@iattibution
! £/50 sec/ml !Coeffiaient g €/50 sec/ml  iCoefficisnt
H ' 8 Ke 9 ] 8 K
_ b Ay ' Opg ! ' Ag !  Opg ! d
Baginning of 4 4 3
the expt. 4011 % 10 67 0,001 9.65x10° 3,97x10 0.032
5 3 ] 3 -
End of the expt 2.04 = 10 4.02x10 0,021 1.29x90 7.0x10 0.058

{2) 1.0 a1l Fead + 2.0 Bl water + 3.0 ml 0.5% TTA equilibraied.

(b) 10 @1 Feed + 4,0 m1 HNO, eeturated by mndﬂo
hoxone egquilibrated.

3 &+ 5,0 ml

Table 4

CALCULATION OF % EXTRACTION OF HEPTUNMIUM

238

Np askivity (/50 sso) im variu%s streame

in volume per ainute x 107 % extracte

L3

© o

i .
. 10utonine! Dutasing ! Totel {Ag4feg) iante?ium
} oF I H outgoing nepcun
et b nend :

paoq»o«‘pooaeoﬁ

‘7,95 6.88 0.57 7,45 87




Tabla 5§

COEXTRACTION OF NEPTUNIUM 8Y BSING MITROUS ACID
(Summary of the results)

.

° Concentration of}

flitrie acld conc.? flitrous acid cong.M x 10

H H H
Expt.No, E , E E uranium in the ¢ % extrection

3 Fead 5 Scrub 3 TBP=in ; TBP=cut § oufg;zgi)rsp 5 of neptunium
2 L 1 » ) 3, ')

1 3 3 Nil - 70 114

2 3‘ 3 9.8 - 68=70 100

3 2 3 B.0 - 60=70 70

4 o8- 3 9,0 - 70 ’ 86

s 3 3 9.6 - 80=83 29 (e}

8 3 3 9.1 - 65<70 97

7 3 3 9.3 - 4,4 65=72 88

] 2.9 3 447 1.7 62=67 67

9 3.2 3 1.5 0.3 G4=57 6o

Notst Experiments 1 and 6-9 usre dene using —-Np sctivity and

T8RP withaut praguilibretion.

{a) Neptunium was Pound to relux in the scrub esciion dus
to high uranium sm&urati@no



nhim 6

EXTRACTION OF NEPTUNIUM BY USING YaMADIUR(Y)
{Outgoing streams enelyszia)

Fozds (Hﬂﬂa) =
{v) =
L7 @
(%) -

Flow ratesl{mi/min)s Foed =
Sorub ©
Solventm

&

200 mng/Bl

9ed % 1077

]

803 n ﬂﬁé €/50 sec/ml

1.25
8.6
S04

248

Hp asotivity in cutooling atreasms

Concentration of

§ 13
Time | C/50 sec/ml x 102 E Uranium in the cute
hrae § = § going orgenie streep
v Aguasus ; Organie : {ma/ml)
14 1.78 3056 =
158 5,48 3%5.8 ‘ -
18 .92 49 =
17 2.80 169 .
18 3625 251 o
19 4.58 228 74
20- = g% 72
2030 @ 201 6%
29 S 174 -
29030 o 171 &%

Notet 9 of neptunium cooxtracted imto TEP {seleculatod
. from the leat bue emelysie) = 80,



Table ?

EXTRACTION OF NEPTUNSUM BY USING VANADIUM(Y)
{Outgoing atreems enalysis)

Feeds (HMOS) =
{v) ®
2v) 7 b
(%) .
Scrub (o) =
Flow rates (cl/min)s Faad -
Scrub -
Saluent =

K

328 sofml

9.4 x 10"

8.48 x 10é 0I5 pac/mi
3 M

1.25

e
B.4

- o a0 ea]

€/50 sac/mi x 10 9

Np eotivity in the outgg;ng a%wsam@ Concentration of

Ueanium iR the

Time S
hra. i Agqueous g Organie § gt;ggén?mzﬁgggia
14 2,52 12.3 o

9§ .76 ie.n -

i6 .74 18.3 -

17 2,08 18,0 72

18 2,76 16.0 %

9 4,26 15,3 75

Notes ¥ of neptumium eaﬁatrac%@d into TEP = 86



Tabie §

EXTRACTION OF REPTUNIUM BY UBINC vaRADIUA(Y)

Fogd 8

Borubi

Venadiua{V¥) s u(v) J =

Flow ratesf{mi/min)y Feod

(r0,) o
fuj @
émaﬂﬂ} P
(HNQS) =
ﬁHﬁﬁa} =
EB

Sorub @
Scluant =

wiv) o«

2 A

344 mofmld

2,12 x 10° o/50 sec/al

an
5.4
3 A

1,2
et
6.9
0.8

x 1072

L=

Wp sctiviby in outgoing stroams

Congantration of

¥
o P |
Time § C/50 sse/md = 10 § urenium in the cute
HEde g oo : r goling orpanic ctroew
:  Rqusous % Grganic E fmg/ml

14 0.8 365 =

15 Mil 427 @

16 063 350 -

1% 0.9 383 1)

18 B3 377 69

49 {15 369 71

'4Naﬁ383 % of noptunirm cosntdactod into TEBP = B9



Jable 2 :
EXTRACTION OF NEPTUNIURM BY USING VANADIUM(V)

foads (HNUS) - 28
{v) e 344 ng/fel
(**%p) @ 2,08 x 10° ¢/80 sac/ml
Serubs (ung,,) = 3K
Vanadium{V): fuin)) = 1,08 x 13naﬁ
(HNDT‘ ™ 3N
Flow ratas (ml/min)s Foed = 162
| Serub s 11
Solvent = Ge2
U{U) = 0-5
23 ‘» Te ,
9 p activity in outgolng s%naamn yConcentration of ureniusm
Time 3 £/50 ceofml x 107 jin the outgoling crpenie
hes. o punmomsmk istrasn (mgjwl?
: " Aqueous H Orgenie '
8 B R,
14 .88 41.% =
5 0.89 37.3 A w
16 1008 - 38,00 -
17 1029 39,2 T8
18 1,49 4067 L
19 - 1436 Y Y T 71

Wotet ¥ of neptunium cosxtrected into TE = 95




Fig. I (a)- A view of the row of Mixers

Fig. 1 (b)~- & view of the row of sctilers



Fig. 2- A view of the glove box housing the mixer - seitler unit
and other accessories



‘ Fig. 3.
ESTIMATION OF NITRITE - CALIBRATION SURVE

SLIT WIDTH © G-Olmm.

CPTICAL DENSITY

by i T T T T T T T T T T T T T T T 7 T T i T T

50 75
CONCENTRATION OF NITRITE, a2 moiss.
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2386 NP ACTIVITY COUNTS/min/ml.

FiG.6.

EXTRACTION FROFILE OF NEPTUNIUM AND
URANIUM IN THE PRESENCE OF NITROUS ACID.
(FOR EXPERIMENTAL CONDITIONS REF. TABLE.L)
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2358 HP ACTIVITY COUNTS/30URES./ol.

FIg. 7.
EXTRACTION PROFILE OF HEPTUNIUM USING
2167F M VANADIUN (¥} N THE FEED.
{FOR EXPERIMENTAL CORDITIONS REF TABLE.G.)
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238 NP ACTIVITY COUNTS/50SEC./ml

Fl18. 8.
EXTRACTION PROFILE OF NERPTUNIUM USING

2 10”9 M VANADIUS (V) IN THE FEED.
- (FOR EXPERIMENTAL CONDITIONS REF, TABLE 7.)

i1 i it

10

b a4l

QO QRGARIC

& AQUEOUS
3
i0 T T T [ ) T T T T Y ¥
e 3 4 5 ] 7T 8 2 v} t 12
4 } §
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258 NP ALTIVITY COUNTSFUOSEC./ad

EXTRACTION PROFILE OF NEPTUNIUW WHEN
VARADIUM (V) WAS AODED TO THE 4TH STaRE
BEFORE THE FEED STAGE.

(FOR EXPERIMENTAL CONDITIONS REF TADLES.)
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238 NP ACTIVITY COUNTS/ 50 SEC./ml.

Fl16.10.

EXTRACTION PROFILE OF NEPTUNIUM WHEN
VANADIUM (V) WAS ADDED TO THE 2ND STAGE
BEFORE THE FEED STAGE.

{FOR EXPERIMENTAL CONQITIONS REF. TABLE 8
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FIG.iL,
PROFILE OF NEPTUMUM (1V), URANIUM (vi)
AND HNOg IN THE EXTRACTION
{FOR ExFERaMEhNTAL CONDITiONS REF. TABLEH.) ol
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