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ABSTRACT

Cﬂunéetmcurrant extrention expariments wezre carsiad
osut under the conditions relavant to the partitisning column
(i8X) in the pupex process to know the path of neptunium present
as Np (Y1) the opganic phase duping the partitionimg step. The
rosulte obtained show that vhen FPeprous Sulphamate is used es
the reducing apent, most of the neptunium continues to rsmain with
urenium in the organic sirear whils with hydrezine sbtebllized
uranoua nltrste ss the reducing agsné, a mejor frection of
noptunium follovs the equscus streem. Mixer-azettler experiments
werd also capried out under the conditions rolevent te the urerlum
purification eycle (2D} to asteblish the conditions Por forcing
naptunium to the aqueous raffinabte or Por pertitioning it from
urenium 4f both neptunium end yrenium oro coextracted in this
eycle end the results obteined are reported here.
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PART = 1%

1. INTROCUCTION

Neptunium=237 is formed in nuclear raactors fuellsd with
natural or enriched uranium. This can be recovered ss & velueble
byproduct during the reprocessing of irrsdieted fuels., Neptunium=237
hes ewosumad great importance recently as 4% is the starting .materisl
for the production ef 238Pu which it one of the moét suiteble isotopes
used as heat source in the rpasdio=isotepic puwep sburces. Ssvsral

kiiagzmmm)af 237Ng~ava routinely recovered at present in the American

reprocassing plente.

7 In the puraﬁ procaese, nepbtunium will accompany flssion
produstes, uranium oy plutonium ox be dietribuied bstween thess thraeo
dependlng on the conditions selected or.imposad. It wvas, housver,
felt that it would be most convenisnt %o recover neptunfum From the
raff’inate in the urenium pdri?iﬁatiun eyels (20 cycle) as the fission
product activity in this stream would be relatively low, It was,
therefore, neceussary to sstablish thé conditions so that 237Np ig
cosxtracted along with urenium and plutonium in HA snd 1A cycles of
the purex progeses The sxperimontal data ebiained to ensbis ths
uugx%ras@innuﬁﬁ;neptnnium in HA and 14 cyelee are described in the
aariigrnrépprta?)ergn ths pregent repert the data aréfprssantadlﬁﬁ
tha‘partiticning-conditi@na of neptunium undez the conditiens relevent
~to 48X column conditions. The aﬁparimen&él work caerried sut to establish
the conditiens Par fogoing neptunium to the raffinate in the urenium
purification oycle (20 cycle} or Por partiticnisg 1% from urenium 1f
bith 237Np and vearium are coextracted in thin cyelds end the results
 ohbainad are allu pepbrieds



2. MIXER-SETTLER UNIY

A 12-stage atainleas ptoeol porupox minimixer setilez
(2) fabriceted in Tromwbay wes used in the
prasent studiss. The unit ip dascribed in the esrlisr rnpazt(

unit of Eurochimic type

3. EXPERINENTAL

Neptunium=237 wes purified Prom 1ta daughter 233?&
extraction of thoe latter from "M nitric acid into 0.5 TTA in

xylana. The purifisd 237Np vas aplked with radiochomicelly pure
239 238

Np or Np to onable ths sstimeliion of naptuniun by gemma
counting. Naptunium=239 for this purposw wes puerlodicaily prapaced
from neutron irradistad natural uranium. Neptunium=238 ussd in a
few experiments was prepared by nsutron irradietion of 237ﬂp and
separated from the fission producte by TTA axkrlntiun's). The
radiochsmical purity of beth zseﬂm and 259"p wess checked by their

half-iife determination se well as the gunmnnray spoctre. The
mixture of zaaﬂp or ‘aahp and 237“9 wes then reducad to Np(IV) by
forrous sulphumate (c20.01M) and was than added to urénium solution
with known uranium and nitric acid cencentraticn o praﬁare the
fead, for the oxtraction experimunts. The Peed for the extrection
sxpsriments Por Np(Vl) wes pnupuwadvih a similar way uaing 0.018

chrzu? gs the halding exidant.

For the pbrtltiuning atparimanta, Mp(WIB wea prepared by
oxidizing & minture of 238" -and zaaﬂh frae za p-in dilute witrie
acid by KfnO . The Np(V1) was thin' axﬁhcml .I.nku 30% TBP in’ smn .
Sol-T and tha TP sblutian cnnta.ming*ug(ul wae wdded’ to :mﬁ: TBP
with a known concentration of urinium to'piepare:” the-Poed Pér. Eha;"f
pertitioning exporiment. The feat salution for ths ner%itioﬁin"*af"Ef
Np(IV) from U(VI) was prepared in @ similar wey: starting rrnm NP(IV}
obtained bv redusing with ferraua uuzphamﬂtum




© 3 e

Uranyl nitrate suiutions used wore prepered by disselving
UEDa or UD:5 in nitric acid. Urenlum wos estimateod epectrophotomstricelly
uaing the thiocynate mathod(a)s The concenteatisn of nitrie seid in
the ureniuo solution wes deisemined by titratlon against ebanderd
sadium hydeexide eslution afier pomplexing uveanium by axalata(s)s

YUrenium{IV} colution was prepered by tho electrolytic
voduction of uganyl nitsete solution ia nitric ccid contsining
hydeszing a8 a stabilizesr using mercury cathods § o The asiimation
of U(IV) wss carcisd out by roducing Fel{II1I) to Fe(il) by UPIV} and
the zesulting Fa(ll) wae satimeted ss O-phenenthroline complex® .
Ferrous mulphamate wes eatimatad(') volumatricelly by titsatien
against sbandard ceric 2wuiphsate splution and vonetimss by
epuctrophptonetery as O=phensnthroline enmplex(7). Hydrazine ues
83%1ﬂ&tﬁd'G@lﬁﬁi%ﬂﬁfi@&llyga)n

]

30% TP 4in Shellsol-T was ueed in ell the supesrcimente
after pre-squilibrating it with 28 nitric ecid. The initiel neptunium
" soncentration in the Poed wes usuelly sboud ?sﬁépg/mla Other sxperimentel
datsils were semb sz described {n tho eerlier reporé

4 RESULTS AND BISCUSSION

A Hhen ?erﬁﬂﬁl $w1§hama%@ ic vsed za e reducing egent for the
‘pastitiuning m? plut&u%ma ?rom mt@niumg it il kaouwn that the cooxtragisd

%339 The wse of B{IV)

Jfas g uuin@_égant Rl ] wary mugh 4Rt luensee the path @? noptuniua

ﬁuringvp%ﬁﬁiéﬁmﬁaﬂga A fou @w@sriaarﬁ@ HEEE gexaieg au% to study the
. Gam, - o ’




For the studies ralevent to the wranium pucification cyels
{ 2D=cycla) it wes beliswved thet the addition of oxidizing or reducing
agent to the faed te snsble the reccvery of niptunium was compatible
with the process ss tha plutenium mein product wae nod invalved in
this cycle. Moreover, for ths desohtemination of uranium paaﬁ&&t in
thie cycle froir rasidual plutonium conteminatfan, additicn eof sxussa
of ferzous sulphamats to reduce plutuniué to nQWuexkrsctahlgtrivalan%
atate ie usually Pfollowsd. This sausee ths reduction of neptunium to
Np{I¥) and hence more emphasis was placed on the sxtraction behavious
of Np(IV) rather than Ng(V¥1) in ths present atudiea.

4,1 g_ath of

Tha resulty of the expevimenta carried out to know the
behaviour of naptunium, present im the argania fesd solution s mpgvij
undar the partiiioning column condisicne witb th uffV) as the red&uing
apent are given in * as 1 and 2 and ths c&sne;pnndimg naptunium and
ursnium profiles ave shown in Figs 1 and 2, The concantration of uly)
and the flovw ratie ussd In these sxperimenta ntqvqnaparqb;u to those
propogad to be vasd in the Vevapur F;@htn i% 1af§e@n‘fsg@ €heéa“¢at§»
that 50-65% of noptunium follows the egusous etresm and thia ia |

‘expectsd se the reduction of ﬁp\vb to Np{IV) by W{I¥} 15 algu, Tha
reduction of Np{V} to Mp(IVJ by M(IVB is knawn to be favoured by
sHposULre tu light. !n th- prmaen& mx g i ‘ taialthaugh su?#ﬁaien




w B

Two countezegureent pun: wers slen carried ueing (urtous
pulpharata os the reducing sgent in a simllar way, The sesuitc of
these sxperlments ey given in Teblee 3 and 4 the sorresponding
nuptunivm end urenium profiles are ohcwn in Floe 3 and 4. The
radsotion of Bp(Yi) to Np(Iv) by rel{l1) le quite repid ond most of
ths Rp{IV) thus Pormed i soon to contimuw tc follow uranium in the

orgenic atrsem. Theso resulie ars in geod egresment with those
toported by Lamiacig

1t con bs censluded from thﬂwé resulte that 4¢ U(IV) fe
wend 28 & roducing agent in the pazﬁi%inning celumon, neptunive
will bo distridbuted in both ureniun end plutonium ctreems sgeuming
noptunius to bo present as Np(Uﬂ} in ths eontering orfgenic streaw
ponteining Pu(1¥) and U{¥I1), Undor eimiler conditions if Fo{1l) ie
used as the roducing egent, mast of the neptunive can be mede to
follow the vrgenic etpeen cenbaining vraniume

| 42 Ev%q§iaurw5?aﬁﬁgﬁuﬂium s

gonditions
Since it was feit thet i¢ vould be most esonvenlent to
FocoYes ﬁ@ﬁtUﬁaﬂm from the raffinate of the urenfum purification
uycaag it wes nocpesary to cotablish the conditisne raquired to {orce
nopiuniuvem to the reffineie im this oysle or te perbition it fzom

Uweﬂiun

ueification cvecle { 20~cycle)

%'“‘uraﬁiu- i? Both nrephunius ﬁﬂd upanium are coextractad. Although in

;éha ﬂan”ﬁrd $lanﬁ€€5§ ﬁep%unium i@ ?abc-d into the raffinate ia mhia

cy&lea G d@%ails &egs@d&ng ford asiditwa uranium aaturation 6toe

“‘,ara ewgéla%msa

’ﬁli:hu& taR QEUﬁfﬁm&au&ﬂ@ﬂ%"@%aariﬁant were carricd out
alth N@{iﬂ) @ﬂly Pup &l toksone siplained cerlisr. Hoptunium-239
ey -used A theed experinents and th@ gamna ectivity of verious
:’g@mgim@ wap not correctsd for the gamme aatﬂvity dus o ureniuwm and

239

ite ﬁ%saw pwaﬁuﬁta whigh was u&@ally Lese %haﬁ 362 of 8p ectivity.

“The waawaﬁ@ o? %h@ @ﬁl? @xpaﬁiment geeried sud on the
{RT mﬁiﬂﬁ“m? Wpi@%} @mﬁ auwmaﬂxﬁaﬁ %ﬁ Table 5 end the corresponding
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naptunium and uranium sxtractlon profilea sre ghown in FigeBa It

is svident from thess data that NQWI) $e uentitatively extranted

in three stages from 2M nitric acid aolutiﬁﬁ at uranium conosntration
of 85«90 g/l in the orgsnic phasd.

It is known that the oxtrection of Nu{iV) is decreansd
by using low nitric acid concentration and by kaeping high uranium
cencantration In tha organic phase, A mixet-gattler sxpecinent wes
carried cut with M nitric scdd both iR ¢the feed 3rd Ghy sorub
keeping the uranium concantration in the orpenic phase o sbout
80 gfi. Under those conditions, Npl3V} wes expected to follow the
squeous ra??inats.'ﬂauavar, NpiIV) wes Pound to reflux in the unit
following nsither the aqueoua raffinatn nor thm uranium 1uaded
organic strgam, The run was continued Par 25 hnuraa However this
did not halp in moving Np(iV) to the squssus rat¥inate or tha .
organic stream as is sesn Prom the dats given in Table 6. The
corresponding neptunium extraction profile shown in Flg 6 olserly
shouws that neptunium is getting ra?iuzb@ in the unit,

To avold the refluxing of ﬁp@lwﬁ the extraption sxpariment
sas rupesated et a highep nﬁﬁcsntraﬁiaﬁ of nitric acid in ths Peed
end the socrub snd by danraaaing %ha G?&ﬁﬁﬁm &aadang of the n?@aﬁia
phess. The date obteined are givan An %abzs 7 ana the cmrrnapmnding
neptunium 4nd uranium axtracthn p:ﬁ?il@& eru ahnuﬂ in ?19 Te 1t &
seen from these data that under thasa canditione; Hp(!ﬂl is ‘
guantitati vely sxtracted into TBP along With Ut&ﬁlUMe 3ﬁ the ?arapur
plent tuo scrubs ars- propoassd &n ‘he 20 sxtraatian to&umh. ﬁ aaunta&m

i extractad quentitatively un&am_%heaafgﬁﬂd&t@a@gﬁgggqﬁﬁ

Assuming that Mp(IV) end U{VI) ars ca@xﬁractad, axpsa
were cazrlaﬂ out te satablish the conditions to: pamﬁi den:
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from B{Vi), This vas attompted by sorubbimg the ursnium leadad organio
phase containing Np{IV) with 0.57 end 1,08 nitric scid keeping 114
Plow vatio ‘and using 12 cteges. It weo obeerved thet although Np(Iv)
followsd the . susous stresm quentitatively, U{VI) losees te ths
squeous reffinate wers too high (550% with 0,58 WD, end ==35% with
i HND,, scrub) to be tolerated. The oxperimente’ wsee rapeatad uaing

a smaller number of eteges for paréitlioning and by changing the flow
ratio. The resulte of en experiment with M HNDa 89 the serub ere
given in Teble 9 end the corresponding neptunium snd uranium profiles
in Flg 9e 1t is gean from these dete that HWp(IV) follows the equecus
stroem 2imost quaentitatively (=2 90G%) snd U{VI) accompanying Np(IV)

to the agueous stream is only ebout 7=8%. In o similar axpsriment
#ith 0.5 niteric scid vorub, uranium lodscs to the eguaous stream
wore found to be about 10=11% althougn the Hp(1V¥] pertiticning wes
glightly more guantilativa.

The resulia of the mixer-setiler runs to fores Hp{IV) te
the aguacus paffinete under 20 cycls conditions sre giwsn in Tables
19 ang 41 and ths carresponding sxtfaction profiles are shown in
?iga 10 Bﬂﬁiiﬁaviﬁ 4o soon Prem thedo date that by using 0,3 ﬁnoz
in the Posd end §=28 HH@S in the sckub end keepimg the ergenic phass
uééniﬁm loading sbout 85 n/l, -woet of the neptunium present as Np(iY)
can be ?sxc@d rith tha agueous gs??iﬂaﬁaa It should howsver be nrotad
:that Ehen ‘o Hﬁﬂ ia aae@ gy the smruw the number of etesges pequirsd
~°‘“‘““aﬂ%£%§tiv@ @u@ﬁ@cti&n of ureniud een be iimited to 4 whorees
wi@@_j@.ﬁﬁﬁﬁ ap ths gcwu& sbout 6 stoges sre reguired Por quentitative
axﬁxaagiqﬁ @? axan$uma '

: faﬁﬁﬁwum ah@miaai ticusheet conditions. for 20 syele either
fﬁ@ ?@@@@ %@{EW} ts the ‘sousous saffinate o to partition 18 from

: &QUEE i? Both N@ﬁﬁﬁ} Iﬁd %@ﬁib ero cosxtracted sen bo chosen Prom

 Hhsso. @@uﬁa ;
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4.3 Study of tho Co-atobility of Hp(IV) and Pu(IV

It 15 known that when U{IV)} ia used aa'tha roduecing agent

in the partitioning column, 3 majoxr fraction of neptunius accompanies

iutonium to the aguecua atream asauming neptunium tb be'prna&nt aa
Hpf¥1) in the uranium loeded orgenic strasm entering ths partiticning
column, This nacesaltatea the recovery of naptuniuﬁ from tha plutonium
purification cycla (2A=cycle) by forcing it to ths aguaous rof?inate.
Howsver if neptuniun {a present in the loaded orgenic straem enterimrg
the partiticning column as Np{iV), it can bs made to follaw uranium
in ths 6rganic atroan by a careful choles of nitric acid concentration
irrespective of ths reducing mgent used for partitioning.

Ehampion and Cheane natuhllahaﬂ (16)the conditions fer
atabilising Np(IV) and Pu(lv) togather by cuntnolling the Fe /F
ratio in the solution. A feu praliminary exparimnnta wore certied ouwt
to study the stebility of Rp(IV) and Pu(!U) The data obtainad showsd
thet only e emall Prsction of Mp{IV) wes uuiﬂi;ad bi Pu{iv), It wee
racently reperted 17 that under the cunditiuna relevant te the Pupred
Process at room temperature (=225°C) more then BQ% Np(1IV). ramaina
unoxidized in the pressnce of Pu(tV) upto 8 hausee Thus the ?a@d %o
IA cyclo cen be conditioned to have Both Hptiv) and Pu(IV) end subsee
quantly the sxiracted Np(IU} can ba aada tﬂ Fullnu uranium in the
organic stream during pareltinning avun thaugh u(iU) is uued aa the
reducing agant.

b

S¢ CONCLUSIONS AND pnupussu cuznchL FLOSHEET connzvxums e
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The achematio flgushest of the purexn proeese 4o bo usad
et Tarspur Plant 4s shown in Fig 12 end the oonditions, for optisum
Egoovery of neptunium, proposad aers givan holou,

5‘% ’ti_t

{a) The foliowing conditicns mey be wsed when nitrous acid
is used to enhence the oxidstion of Np(V¥) to Hpl{¥l) %o onebio the
soextraction of neptundium, .

(M0,)coeq > 2e5 M
(mas)ﬁawh = 20

g, o 70 g1
mz’)fgm 1670 w 107%

—
pet=——

{b) Yhan Vanadius (V) i used to oxidize Hp{V) te Mp(VI)
which is cubsequently coestrasted.

QHND )Fasd - 28
(m03389rub ez SF
vy} e 407 = 0™

E% i@ @E@?@z@b&@ %9, %ﬁ%@@dﬂﬁ@ @e@ﬁé&%m QBD to the nzbrastisn
emiuﬁﬁ balaw %hs ?a@d a%age gaﬁhew ﬁhan'@daing it to the fesd solutien.

' S iﬁ; Yhen the feed de @@ﬁ@%%ﬁ@wed to aéjua% neptunivm &o
ﬁp§@} @h&ah 48 ﬁm@ntﬁagt@da “ |

ﬁﬁ%s Poss 2 2R

€ﬁ%@ §$e§u% jzg z ﬁ
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The fsad may bs conditionad by sdding forrcus sulphsmate
or praferably by adding U{IV) and after sllowing 1=2 hrs. for tha
raduyction of naptunium to Np(IV), the Fu(l!i} foermed may be oxidized
to Pu{iV) by adding Nsﬂﬂ2 to prepare tho conditionsd fesd for the
extraction columns.

5.2 48X Column

Whan ferroua sulphamate %= ussd ap ths raducing ngant.
if tha concentration of Hnu in the outgoing sgquacus streaem nnntaining
pu(1il) ie about 2M or nore, most of the neptunium {==50%) will
remain with uranium in the organic atream,

Whan U{IV) is used ea the miduulﬁg agant and the sonditions
for 1A column are as describad either in S.4{s) or 5.1(b), e Jor
trection of neptunium will acuunpany plutdniun ateuan. Thin howaver

partitioning column by nundltiuniug 1AF ag daieribnd in 5.1(ﬁ).

5.3 20 Coluwn

Neptunium present ss Np{EV) ény be ooaxtractad with uraniua
undsr the following conditions and tho nxtructnd nnptun&um may be
seperated from uraniue by 0&5" ar 1H nitric soid aaeuh in en additional
scrub cnlumn. T P s T .

(HND ’Fﬂld 254“_3? ﬂ '

(H“DS)Scrub :> "‘5ﬁff;utﬁ o

mm &759/1
Alternately Np(w) may..by. f-m:ad to tha veffinate (20l
fullouing uanﬂitianat ‘ ;,,_~7
(HNo )

Fm&d'. o=
{gﬂ )sntub

(“)agg i kﬁy 95 gjl«f:j“




Neptunium oeparated from the uranium in this cyole can ha
concentroted end purified by lon exchange technique.

From tha chemical flowsheet detea used in the Plutonium
Plant at Trqmbay<1e), it appsars that 4fie "proposed chemical flowsheost
conditiocns are quite compatible with thé.prouass. 1%t is hopod that
thegs dateg will prnva.u&afhl to racover @ valuable byproduct
neptunium=237, slang with plutonium and uranium in the fuol

reprocessing plant ot Tarapur.
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PATH OF NERTUNIUM DURING PARTITVIONING

Feods w7 0.3 A
{Uranius loaded orgenic solwent) _ &
) Ln? = 68 ma/mi
L238] = 3.6 x 16° ¢/50 see/m1
Reducing ecxrubs L7u(iv) 7 ? mg/Bl
Lwn,7 6.06 @
Lo,/ 2 M
Flow rotees =
(mi!ain) ' Feod i mmj m Ge7
Roducing scpub 0.9
Ho.of atoges =5
‘ E saneants*a»tianvv.g ﬁﬁ%p ﬂéti@iﬁy in the : Concentration of
Time ¢ OF Hi, in the; outgoing shcseme . Uesnium in the oute
hps. | Outgoife Aq §_ C/S0 Seo/md x 10 going stroess{ma/mi)
§ atrass i Ag 6rg § R i Org
R & B ;] AT - !
ﬁﬂ ’ 295 %02@ 9015 6.8 62
b - 1,84 0098 708 82
16 - 2.8 112 B.19 Fe? 63
47 - 9007 R Bod 63
8 Y- L 094 - 8019 T2 62
18 1029 0,99 804 83

20 i 28 5024  PeoiS Bot 63

% '@f’@@@%ﬂﬁﬁ.ﬂf%ﬁ following the spganic ctrees = 68 « 53% -

S A et e e R el




Ishle 2
PATH OF NEPTUNIUM DURING PARTITIONING

Feadt (HiD,) = 0.3 M
{Urenium losded oeganie aoiveni) "

{v) a 62 mp/sd

(39%0) 5.4 » 10* ©/50 sec/mi
Raducing earybt 2u(Iv) = 6.7 mg/md

(“z"a') w 0,06 R
(mnsg m2n

Flow rates {m}/min)s Fead (org) = 67
Reducing acrub o 0,7
No. of atages = 5
@ At = m 7 ““.‘, s T A MO A
H Np activity in ths outgoing ! Concentrection 9? uman;uu
Time § streams -5 ! in the outgoing n%;nam
hra. £/50 sac/ml x 16 " & e iBg/0L)
) j Aq i Org Aq i Org
15 2,39 0.16 8.0 5o
16 3.09 ’ .90 ' 2.6 B9
17 2,92 0,19 2,5 60
18,30 3,37 O.2% 18.8 B8
19.30 3,25 ‘ 0,22 9.6 61
20 - 0421 - 58
20,30 - L ne2d -~ - ‘ B8 -
24 - 0,21 " - B
21415 - 6,21 e -

e anr e : - qum

b 4 of Htpiuniun following the orgenic otresn = 368




Yahle 3
PATH OF WEPTURIUM DURIRG PARTITIOHING

Fepd? (Hﬂ@s) @ 0,3 A
{uronium loodsd srgenic anlvent)
U @ 64 mg/al
(235hp) = 2,08 % 10° £/50 asse/el
fieducing secrubs (Fﬂ++) a 0,12 8
ﬂ@a%) @ 1A
Flow retse {(ml/min)e feed {org) @ §,7
Roducing acrub w 0.8
Hooof ategos e 5
o ;‘ : a §gi§N & s
3 GConsgntzation of p setivity in the) Concontration of
Time ! HNO, imn tho out=; outgoing stroaems oa § Urenium in the oube
hr g ggaag ig atroom E £/50 sscf@) x 36 ' aoing streen (mg/sid
o8- .
) [] ’ - i T
3 i aq } Org hRg ! Org
g f ) 9
18 e 2.28 2.9 18.6 62
i¢é 2.2 190 9063 &od 81
%? L ?68@ @o?@ Sea 6?
18 2,8 785 178 6.8 62
i9 - 1088 1084 708 61

20 ‘ 208 1083 9083 e84 6o

g of Nopbtunlum Follewing the erganie strean = 87



PATH OF NEPTUNIUM DURING DARTITIONING

faedd (Hﬁﬂs) = 0.38
{uraniunm loasded organic salvent) -
{u) = 64 mg/mi
@ '
(haﬂn) w 1,92 x 10° £/50 ssofel
Reducing acrubt (Fn“’) w (.12 R

(o) = 2R

Flow cetes (ml/min)i fead (org) = 6.7
Reducing sgrub w 0.7
No.of atagea m 5
E }ﬁgﬁaﬂp ncf-!.’v!.ty in the E cnnmnmvthﬂ u:?
Time | g;g“';:"::i"g u:: § outgoing streams . | Uranius dn the out=
hrae : goind aq strecs % rc/su asc/ml 10,' | ;F ‘g@ing a#rm:mg {mg/m1)
: HER. N SO NN . TN S
32 - 1.64 1.7% 5.4 56
13 - 1,54 1,79 5.2 56 ;
14 2.4 151 1.76 8e0 56 g
15 2.6 1.46 1080 - 64 )
16 - 1.46 1,79 449 60
37 2.6 1,44 1,78 5.0 . 60

Y S

RN ST e

% of Neptunium following the uigm;c atraam = 93




EATRACTION OF np{vi)

Fesd (HNDE) = 9.9 A
{u) = 270 og/ml
(239Hp) @ Gob n iﬂa e/ ain/=l

Flow rates (m1i/min)tFeod 5 11
Solvent =« 3,35

v
Tim Eﬁgﬁg esctivitv in the outgoing | Concentration of Uzeniunm
hega 1 atreams . { in the outgoing orgenic
. t/min/mi x 10 { stroum (ﬁg/mlg

b QUSOUE 3 Opgenig ¢

150199 NiX 1484 =

1&&3@ Bii %024 785

17030 MLl 2,06 es

18,30 Nil 2,02 117]

18,38 Hid 2,04 84,5

20,485 Mild 2,40 92

22.00 HAx 1580 89

23,60 LER S .98 8905




Jehin §
EXTRACTION OF Wp(IV) IN EXTRACTION SCRUOBING CONDITIONS

Fead & (rag,) s 8
(u) m 330 mpfml
(**p) = 1,08 x 10° o/nte/ul
Sorubs (HG,) w 1R
Flow rata {(ml/min): Fesd e $.9
Sorub a 1.8

Solvant B 62

p acidvity in the outgeln Cancentprstion of Ureniun

§ ¢

13 L3

¢ . [}
new | _ofafalieS M puianinn eruenio

¥ Agusous H Oegenic H o
21.00 Hil 47 62,0
22,18 CE3 305 -
00,10 B4l 1057 7540
218 Mil 1517 >
2020 Nil 1,36 -
3.30 CE¥] _ 1034 =
4030 LTS 1024 9640
5445 0402 1216 -
7918 0004 1012 9920
8,30 063 1028, 910
10,28 0.03 1233 o 81.0
11,15 2,03 1459 S N ]




Table 7

COEXTRACTION oF Np(iv)

Foed? (HNOX) = 2.,2Mm
w) = 286 mg/ml
(ngﬂp) = .06 x 10° £/50 sec/ml
Scrvbs (HNO:,’) = 2M
flow rate {ml/min): Foed = 1.8
Scrub = 0,9
Solvent = 7.2
3 5?9 - . ' t & -_L ~
: Mp mctivity in the outgoing . } oncéntration of
Time ! streamns wd ! yraniumbin the out=
hess /50 sec/ml x 10 ?  ‘going crgenic stream
§ Agusous E ) Organie i (mg/ml)
17 .21 " 2.8 84
12 0:%2 1,9 73
13 0.07 3.8 73
N [ 6.06 362 73

15 0.06 _ 2,9 78




Isble 8
EXTRACTION OF Np(iv)

Foads (w0, ) u 2,15 8
(u) ®» 286 mg/md
(23%9) Cm 1,48 # ?Gﬁ e/50 esoc/ml
Sarub=-1 (m03) ®= 3N
Soribh=2 a Water
Flow cates {ml/min)s Feed @  1¢8
Surub=1 = 0,9
Serube? a 0.8
Solvent = 7.0
s ﬂ%&p uctiuity in the n#tgwiﬁe' '?ﬁnncmng;ﬁ;ik;ﬁvnf"w
:‘ii‘.‘ § otramms o | Ureniuw in the oute
H C/50 gac/ml x 10 ! peing oiganic atream
et AN00NS 3 Organte  f . (sofel)
13.30 0012 3.04 7904
14.30 0,09 2,65 82,0
15,30 0.0 20869 78,8
16430 0010 3.57 7246
1730 2.190 3459 C s




Ia@;& G
PARTITIONING OF WpllV) FRD: U{VI)~LOADED ORGA&NIC

Fead § (u) = 73 gofal
(ozar) (>*%p) o 4.7 » 108° Cpased
Scrube (nuo,) « 18
No.of etdges ‘a4
Flow potes {alf/ain)e Fesd (ozg) 8 A3
Scpub @ 1.0
8 ““Np getivity im the outgoing ! Consontratisn of
fime o gironss . 8 Urendum in AQucous
hzae | cpu/ml % 20~ ¢ paffinate (mo/ol)
H Aquegue s Orysnic -3
15,30 149 5.7 25
15,30 179 7.8 25
17048 165 8.1 27
18410 168 . Bt 25

20.00 758 , 77 ' 27




Jable 10

BEHAVIOUR OF Np(IV) UNOER EXTRACTION=
SCRUBSING CONDITIONS

Feads {wo0,) w 0,3
{4) 330 wpfmre
Sorudl (mma) - iR
Flow rates (mi/min)s Fsed @ o7
Scruly w Q9
Solvent w §.0
E 23§Hp uctivity in the aétgaing;3£rini E ﬁnnnnntrat#on of
Time c/50 uc/nl x 10 t Upanium in tha
hre. v - S outgoing organic st-
' Aquecus g Q:gqn&c i nunw(ug/qk)
i3 Bei 8.2 ‘ g8
14 Bed 0,12 85
15 8.6 0.42 - 84

16 8.6 0.3 26

a * i L LR

® Caloulated fram concentration of yrenium Sn the
cutgeing organic atzesm, .




Jebia 11
BEHAVIOUR OF Wp(IV) UNDER EXTRACTION=SCRUBBING

CONDITIONS
Fands (HNOS) e 0,30
{u) 330 egfmle
Scrubs (Hﬂﬂa} e 2R
Flou vates (al/min)s Fead a 9.7
Sczub e {$:.9

‘ Saluant @ Bl

o Engﬁﬁap setivity in the autgoing SSencmntratisn of Ursniym
Tims § ptroame -l Ein ths outgoing orgenie
hees 3 £/50 ssefml x 10 izteosn (mgfell
- 8 AQussus o Orgenis
. b 1.8 0,%6 : 86
13 5.8 | Do97 g3
%4 7ol 8,15 as
9% Ge8 098 a8
% 6.9 0.16 90
7" Tod 015 90
18 e M2 : 0.24 88
. -

o

iétﬁélculatﬁﬁ feom eonesnbration of ueaniun in the
eutgelng crguiic otmesue ‘




FIG.L
PROFILE OF NREPTUNIUM DURING PARTITIONING
USING URANIUM(IV)

(FOR_EXPERIMENTAL CONDITIONS REF. TABLEL) .2
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FIG.2.

PROFILE OF NEPTUNIUM DURING PARTITIONING

USING URANIUM (iv)
(FOR EXPERIMENTAL CONDITIONS REF. TABLE 2.)
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ZSENP ACTIVITY C/80Secs.¥Ymi,

)

F18.3,
PROFILE OF NEPTUNIUM DURING
PARTITIONING USING Fe**
(FOR EXPERIMENTAL CONDITIONS REF. TABLE 3.)
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Fig. 4,
PROFILE OF NEPTUNIUM DURING
PARTITIONING USING Fett
(FOR EXPERIMENTAL CONDITIONS REF. TABLE 4}
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FlG6.5.

PROFILE OF NEPTUNIUM{VI) AND URANIUM (V1)
IN THE EXTRACTION
(FOR EXPERNENTQL GONDRTIQNS REF, TAGLE 5}-!
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’ FBGinﬁo
PROFILE OF NEPTUNIUMIV) IN THE EXTRACTION
(FOR EXPERIMENTAL CONDITIONS REF. TABLE 6.)
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239

NP ACTIVITY Cpm/ml.

Fig.%

PROFILE OF NEPTUNIUM{IV) AND URANIUM (V1) IN
THE EXTRACTION
{(FOR EXPERIMENTAL CONDITIONS REF. TABLE T)
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FIG.8,
PROFILE OF NEP TUNIUM (1V), URANIURI(VI)
AND HNOz IN THE EXTRACTION
{FOB EXPERMENTA. CONDITIONS REF.TABLEB) 2
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Fi16.9,
PROFILE OF URANIUM (Vi) AND NEPTUNIUM (1V}
iIN THE SCGRUBING
(FCR EXPERIMENTAL CONDITIONS REF. TABLED.)
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F16.10.
PROFILE OF NEPTUNIUM (IV), URANIUM{YI)
AND HMNOz IN THE EXTRACTION
{ FOR EXPERIMENTAL CONDITIONS REF TABLE 10)
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