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ABSTRACT

Cﬂunéetmcurrant extrention expariments wezre carriad
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 continuez to rsmain with
urenium in the organic strear while with hydrezine sbtebllized
uranoua nltrste ss the reducing agsné, a mejor frection of
noptunium follows the equscus streem. Mixer-aettler experiments
werd also capried out under the conditions rolevent te the urerlum
purification eycle (2D} to astablish the conditions for 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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1+ INTROCUCTION

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

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

reprocassing plente.

, In the puraﬁ procaese, nepbtunium will accompany flsaion
produstes, uranium oy plutonium ox be dietribuied bstween thess thraeo
dependlng on the conditions selected or.imposad. It was, 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
ptoduct activity in thie stream méuld be relatively louw., It was,
therefore, neceussary to sstablish the conditions so that 237Np ig
cosxtracted along with urenium and plutonium in HA and 1A cycles of
the purex progeses The sxperimontal data ebiained to ensbis ths
uugx%rasﬁinnuﬁﬁ;neptnnium in A and TA cyeles ars described in the
aariigrnrépprta? « in tha present repest the deta aré‘prssantadlﬁﬁ
tha‘partiticning-conéiti@na of neptunium under the conditiocis rolevent
~to 48X column conditions. The aﬁparimen&él wirk sarried 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 23 7Np and vearium are coextracted in thin cyelds end the results
 ohbainad are allu pepbrieds



2. MIXER-SETTLER UNIY

A 12-stage atainleas stoeol porupox minimixer setilez
(2) fabriceted in Trowbay was ussd in the
prasent studiss. The unit ip dascribed in the aerlisr rnpazt(

unit of Eurochimic type

3. EXPERINENTAL

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

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

Np or Np to onable ths estimaliion of naptuniun by gamma
counting. Naptunium=239 for this purposw wes puerlodicaily prapaced
from neutron irradistad natural uranium. Neptunium=238 ussd in a
few experiments was prapared by nsutron irradiation of 237ﬂp and
separated from the fission producte by TTA axkrantiun's). The
radiochemical purity of beth ZSB"W and 259"p wess checked by their

half-iife determination ss well a8 the gunmnnray spoctra. The
wmixture of zaaﬂp or ‘aahp and 237“9 wes then raducad to Hp(IU) by
forrous sulphumate (c20.01M} and was than sdded to urénium solution
with known uranium and nitric acid cenceantraticn o praﬁare the
fesd, for the oxtraction experimunts. The Poed for the sxtrection
sxpsriments Por Hp(Vl) wes pnupswsd'ih a similar way uaing 0.018

chrzu? gs the halding oexidant.

For the pbrtltiuning atparimanta, Mp(WIB wea prepared by
oxidizing a minture of 238" -and zaaﬂh frae za p-in dilute witrie
acid by KfnO . The Np(V1) was thin' -xﬁhcml me 30% TBP in’ smn .
Sol-T and tha TEP sblution cnnta.ming*ug(ul wee wdded to :mﬁ: TBP
with & known concentration of urinium o piapere:’ the Paa']far'tha;"f
pertiticning  expesiments The: fcatioulutinn for ths pnr%itionin"*eflfﬁ
Np(IV) from U(VI) was prepared in e similar wey: starting rrnm NP(IV)
obtainsd bv reduscing 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
sodium hydeexide eslution afier pomplexing uveanium by axalata(s)s

YUrenium{IV} colution was prepered by tho electrolytic
voduction of uganyl nitsete solution im nitric ccid contsining
hydrezing as a stabilizes using mezcury 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 2wiphsate splution and vonetimss by
epuotrophptonetery as O=pheanaenthroline enmplex(7). Hydrazine ues
83%1ﬂ&tﬁd'G@lﬁﬁi%ﬂﬁfi@&llyga)n

]

’Sﬁ% 8P 4in Shelleol-=T wes ueed in ell tho supsrimente

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@négant ‘@b wary mueh dhriusnée the path ef noptuniu@
ﬁuriﬁ@ pﬁﬁ&iﬁﬁmﬁiﬂga A Pow @w@sriaarﬁ@ wBES 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 wes 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 sauses ths raduction 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 golution s ﬂpﬁvi}
under tha partiticning columa cendisicna wilkh ufiV) 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 concpntration 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 4s known to be favoured by
sxposure tu light. !n th- prmaen& mx grd ‘nta @1thaugh 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) thius 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

Séha ﬂan“@sﬁ ﬁlanﬁiqﬁé 4ap%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 urenium 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 auwmaﬂx@aﬁ %ﬁ Table § snd the corresponding




.

naptunium and uranium sxtractlon profilea sre ghown in FigeBa It

is svident from thess data that NQWI) $e quentitatively 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-gettler sxpecinent wes
carried cut with M nitric escdd both i/ ¢the feed 3rd Ghy sorub
keeping the uranium concantration in the orpenic phase o sbout
80 gfi. Under those conditions, Npl3V} wes wxpected te follow the
squeous ra??inats.'ﬂauavar, NpiIV) wes Pound to reflux in the unit
following nsither the aqueous raffinatn nor thm uranium 1uaded
organic stresam, The run was continued Par 25 hnuraa However this
did not halp in moving Np(iV) to the sgqussus raf?inata or the
organic stream as is sesn Prom the dats given in Table 6. The
corresponding neptunium extraction profilm shown in Flg 6 olserly
shouws that neptunium is getting ra?iuzb@ in the unit,

To aveld the rafluxing of Np{iV) the extraction expapiment
sas rupasted et a highep nsﬁcsnﬁraeiéﬂ of hi%tic acid in ths Poed
and the scrub end by datrasaing %ha G?&ﬁﬁﬁm &aadang ef the n?@aﬁia
phess. The dats obteined are givan An %abzs 7 ana the cmrrnapmnding
neptunium 4nd uranium axtracthn p:ﬁ?il@& eru ahnuﬂ in ?19 Te 1t 46
seen from those data thet under thasa canﬁitioneg 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 tho aqueous stream ies 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 2D 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 schub 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 '

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

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

 Hhsso. @@uﬁa ;
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4.3 Study of the Co~atebility of Hp(IV) and Pufll

It i3 known that whsn U{IV) ia used aa.tha roducing agent

in the partitioning column, 3 major fraction of neptunius accompaniss

iutonium to the aquecus stresm assuming nepfunium tb be'prnasnt as
Mpl{¥1) in the uranium loeded orgenic strasm entering ths partiticning
column, Thie nacesaltatea the recovery of neptunium from the plutonium
purificetion cycls (2A=cycle) by Porcing it to the aguoous raoffinste.
Howsver if neptuniun {a pressnt in the loaded orgenic strecm entering
the partiticning column as Np{IV), it can bs made to follaw ursnium
in the brganic atresm by a careful cholce of nitric acid concentration
irrespsctive of ths radﬁcing agent used for partitioning.

thampion and Cheane aatubliahaﬂ (1ﬁ)tha conditions for
atabilising Np(IV) and Pu(IV) togsther by controlling the Fe Hrpgttt
ratio in the soiution. A few praliminary exparimnnta wore cerried out
to atudy the stebility of Rp(IV) and Pu(!\l) The data obtained showsd
that only & small fraction of Np{IV) wes oxidiaad bi PufiV), It was
racently repnrtad(1?) that undar the cunditiuna ralevant te the. Pured
Process at room temperature (=225°C) more than BQ% Np(Iv) ramainc
unoxidized in the presences of Pu(IV) uptn 8 hﬂvra. Thua the ?a@d (]
IA cycle can be conditioned to have both Hp(iv) and Pu(IV) end suboe=
quantly the extrected Np(IV) can Jbe meds to follow urenium in the
prganic atweam Guring parestinning avun thaugh u(iu) is uued aa the
reducing agant.

Se¢ CONCLUSIORS ANB PRUPDSED CHENICAL FLDWSHEET CD%DITIDNS

It.dis cnnnida:ad thet unat of tha ralhw 3
process. chnmiatty of naptunium are invultigaeud tn ¢
‘Fros-the: data zEpnrtnd haaa and An the: sazlier rupnw’
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The achemdtie floushsst of ths purexr proeces 4o bo uend
et Tarspur Plant 45 shown in Fip 92 end the oonditions, for eptimunm
eooovaery of neptunium, proposed aes glvan bolou,

5‘% ’ti_t

{4} The foliowing conditionz mey be used when Ritzous anlid
i» used to enhence the oxddabtion of 8p{V) to Hp{¥i) Lo eneble the
poextrection of neptundum. .

(Mi0,)eoq > 205 M
(mas)ﬂuw&u = 40

gy o= 709
(moydg.. 1670 w 107%

{5} Yhen Vanadium (V) 4o used to exidize Mp{V) to Hp(VI)
which 1o ecubsequantly coestreated.

{sno )Fasd =t 2R

(HNGSDSarub ez A

uguy e 107 = 0™
- ﬁi}ﬂ@g ~ % 25 Qfﬂ;

s i@ profesable &o, %ﬁ%mmm vsmm&mm ﬁ%!) to the szbresdisn
wius'm balma %hs ?%d a%age gaﬁhew thm @dsﬁing it to the fesd solutien.

: . }__}.lf iaﬁ Yhen ths feod do @@n@igimeﬁ to @e&jua% neptunive to
ﬁpi‘i} @h&ah 48" mmmagt@m | ‘

ﬁﬁ%s s».@@ B TR

€ @%emﬁa} gﬁ




-1 -

The fsed may bs conditioned by adding ferrous asulphsmate
or araferably by adding U(IV) and after allowing 4=2 hrs. for the
reducticn of neptunium to Np(IV), the Pu(1IX) formed may be oxidized
to Pul{IVv) by adding usnug to prepare the sonditioned fesd for the
extraction columns,.

5.2 48X _Column

Whan ferrous sulphamate &s usasd ap ths raducing sgent,
if tha consantpation of Hnu in tha outgoing squascus stresm nnntaining
Pu(lil) ie about 29 or narc, most of the neptunium {=2S0f) will
ramain with vranjus 3n the organic atream,

Whan U{IV) is used ea the miduulﬁg agant and thes conditions
for 1A column are as describad eithar in S.4(a) or S.1{b), wajor
frection of neptunium will lccunpany plutdniun ateuan. Thin howaver

partitioning column by conditioning 1AF as dateribnd in 5.1(ﬁ).

543 20_Column

Neptuniue present as Np(fﬂ) nny be eoaaﬁran&ad with upeniuam
under the following conditione and tho sxtracted hﬂptun&um may be
saperated from uranium by 0&5" ar 1H nitrie ecid aaeuh in &n udditsena& ‘
ecrub eolumn. B R R R T o

(H“n ’Fa-d ;¥; fE‘§¥7
(Hﬂﬂs)ﬂcrub :, "‘5f5? L:k .

Altsznately Np(IV) may, b r-mad tn the :arri ats (znu““
follawing uanﬂitiana: DR SR

(HNG )Fmad
(q)awﬁ Qv ;”“ 95 g,l4lrwu



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

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 fuaol

reprocessing plant ot Tarapur.
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PATH OF NERTUNIUM DURING PARTITIONING

Fesds £ wo, 7 0.3 A
{(Uranius loaded orgenic oolwent) _ _ %
) Ln? = 68 ma/mi
L238] = 36 x 16° ¢/50 See/mL
Reducing eorubs L7u(v) 7 7 mg/ml
Lwn,7 0.06 @
Lo,/ 2 m
régi ﬁ;i:?“ Feed £ org 7 = o7
Reducing seczub 0.9
Ho.of aiages = 5
‘ 3 Concentration | ﬁﬁé&p ﬂéti@iﬁy in the | Concentzetion of
Time ! of HND, in the; outgoling oteeams =5 Ursnium in the oute
hes. § Outgedfie Aq § G750 Sac/mi x 10 going streems{ma/mi)
§ otrasm i g 6rg § Aq ¢ Org
4 : 2.6 .20 .18 6.9 62
A8 - 1,084 8098 7.8 82
16 - 2a8 fe12 0,19 77 63
17 - 4007 8,18 B804 63
18" . 2.4 . .46 8,19 749 62
19 1021 0,99 801 83

20 1i o 268 5024 - Pet8 304 63

% ’@f’ﬁ@@%ﬂﬁﬁ.&% follouing the eppanie cieear = 48 = 53F -

I LY et e 8 e U




Faadt

{Uranium losded ebganie poiveni)

Radueing ecrubt

Ishle 2
PATH OF NEPTUNIUM DURING PARTITIONING

Flow rates (m)/min)s

fﬂﬂﬂa) w

(4) =

(2%p) =

2u(iv) s

(Nzﬂd) -

' (mnsg "
Fead (org) -
Raducing acrub =
No. of satages =

0.3 R

62 mp/sl
o4 x 10* C/50 wec/mi

Ge? mpfmi
0,06 M
2N

607
0.7
5

@ awe ¥ m ; b
H Np activity in the outgoing ! Concentraction of Uranium
Time } streams -5 ! in the outgoing n%;nam
hra. § £/50 sac/ml x U e — ( nl
: Aq : 0rg Aq q brg
- o [} » < . I 3
15 239 0.16 9.0 66
1] 309 P ] 2.6 B9
17 2,92 De19 D65 60
18,30 3437 0.2% 18.8 88
19,30 3+25 0,22 9.8 61
20 - 0421 - 58
20,30 - - 0.2 - ]
21 - - 0,24 - 87 ..
21,158 - C»21 - K

o e s i

b 4 of Htpt‘;uni.um following the orgenic otreusn = 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
i 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 strzeen (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

Faedi (Hﬁﬂs) = 0,38
{uraniunm loasded organic salvent) -
{u) = 64 mp/mi
@ '
(haﬂn) w 1,92 % 10 C/50 ssofel
Reducing scrubt (Fa¥™) w B2 W

(o) = 2R

Flow cetes (ml/min)i Fead {org) = 6.7
Reducing sgrub w 0.7
No.of atagea m 5
E }ﬁgﬁaﬂp ncﬂ.’vity in the E cnnmntut:ldn u:?
Time | g;g“';:"::i"g u:: § outgoing streams . | Uranius dn the out=
hra. : goin} aq strecs : rq/su acc/m} 191» %“g§gng agrg?mg {mg/m1)
: L. R SO .- NN S OO N
32 - 1.64 1.7% 5.4 56
13 - 1.54 1479 542 56 ;
14 2.4 1451 1476 500 56 B
15 2.6 146 1080 - N I 64 )
16 - 1446 1479 408 60
.47 246 1044 1,78 5.0 - 60

Y S

RN ST e

% of Neptunium following the uigm;c atraam = 93
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Jehin 6
EXTRACTION OF Hp{XV) IN EXTRACTION SCRUGDIMG CONDITIONS

Faag § {&ms) s« 1A
{u) = 330 mgfm)
(239"93 ® .08 x iﬂﬂ c/nin/ul
Serubs (nnaah @ 1R
Flow rata (ml/min)i Feed e 9.9
Sorub m 1.0
Solvant 8 6.2

#p activity in the outgain Coneentrstion o? Uraniun

1 !

13 L3

¢ . L}
o b qfeleiaind i e susasina erponts

¥ Agusous H Oegenic H e nnommirar
21.00 Hil 47 6240
22,18 il 305 -
80,10 LY 1057 7540
1158 MLk 1047 )
2020 Nil 1036 -
3.30 CF¥] _ 1034 -
4030 LR 1024 9640
5445 0402 3016 -
715 .04 1012 99.0
8,30 003 1028, 91,0
10,20 0.03 9233, . 81.0
11,15 2,03 1459 © 938




Table 7

COEXTRACTION oF Np(iv)

Foed? (HNOX) = 2.2 1
w) = 286 mg/ml
(ngﬂp) = 1,08 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




Tsble B

EXTRACTION OF Np(iv)

Foads (w0, ) 2,16 ¥
(u) 286 mgfmd
zmug;) 1.44 # '1‘(35 e/50 ssefal
Sarub=-1 (m03) inm
Soribh=2 Water
Flow cates {ml/min)s Feed 108
Surub=1 0.9
Scrubc-z 0.4
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 astream
et AN00NS 3 Organte  f . (sofel)
13.30 0412 3.04 7904
14.30 0.09 2,85 . 82.8
15430 0.0 2089 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=
SCRUBBING CONDITIONS

Feads {wo0,) w 0,3
{4) 330 wpfmre
Sorudl (HHUS) - iR
Flow rates (mi/min)s Fsed @ o7
Scrub w 09
Solvent w §.0
E 23§Hp acuvﬁy in the aﬁtgaing;:iztiﬁ E ﬁmnmtut#m of
Time c/50 :lq/nl x 10 t Upanium in tha
hre. v - =t outgoing organic st-
' Aquecus g Q:gm&c i nnu(ug/q;l)
i3 Bei 8.2 ‘ g8
14 Bed 0012 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 erganic atzesm, . .




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

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

‘ Saluant @ Bl

o H Eﬁg%p 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
42 1.8 0,96 : 86
13 5.8 D47 g3
4 Tot £8.195 g8
1 Ge8 D18 g8
% 6.9 0.16 90
7" Tod 015 90
B o e : 0.24 88
o cromsnas o

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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ﬁm@r &'

PROFILE OF NEPTUNIUM DURING
PARTITIONING USING Fett

(FOR EXPERIMENTAL CONDITIONS REF. TABLE 4.)
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2396 ACTIVITY Cpm/mi.

F1G.5.

PROFILE OF NEPTUNIUM{VI) AND URANIUM (V1)

IN THE EXTRACTION

(FOR mmﬂ_mm_gmzﬂmr CONDITIONS REF, TABLE )
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’ FBGinﬁo
PROFILE OF NEPTUNIUM{IV) 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 EXTRAGTION
{(FOR EXPERIMENTAL CONDITIONS REF. TABLE T)

iﬂi -

i b

-~ [~

i O v NP ORGANIC .

S s NP AQUEOUS ‘

N Gumwanld OROANIC i

]

o

- ” -
104
4

N y

i 03 N

UM SO S .

: 2 3 4 B 8 r 8 9 W 0 e

SCRUB . FEED  oRGANG
~ STASE NUMBER |

-

T % &t 3843

URANIM CONCENTRATION mg/mi.




FiG.8,
PROFILE OF NEPTUNIUM (IV), URANIUM (V)

AND HNOz IN THE EXTRACTION

(FOR EXFERIMENTAL CONDITIONS REF. YABLEB) 2
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Fi16.9,
PROFILE OF URANIUM (Vvi} AND NEPTUNIUM (1V)
iIN THE SCGRUBING
(FCR EXPERIMENTAL CONDITIONS REF. TABLES.)
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F16.10.
PROFILE OF NEPTUNIUR (IV), URANIUM (V1)

AND HNOz IN THE EXTRACTION
{ FOR EXPERIMENTAL CONDITIONS REF TAGLE 10) o'
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