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ABSTRACT

The oxidation state analysis of neplunium in the aguecus feed
solution from the Plutonium Plant at Toowbay wes carried out and it
was fourd that noptunium existed mvinly as Np(V) in the feed solution.
Batch extraction data for Np(IV) api Fp(VI) into 30% TEP/Shell Sol T
at different aqueous nitric anid concentretion and urenium saturation
of tha organic phase were cobtained at 45°C apd 60°C and the resulte
are cwmarized. The distritution coefficients of ¥p(IV) and Np(VI)
wore obtained ae a function of TEP concentration and the dete are
roported. The 'effac\\:'of niteous aeid on the extraetion of meptunium,
present in the agqusous phese ay Np(IV) emd Fp(V), by 30% TEP was
studied and the date obltained ave given. The data on the rate of
reduction of Np(VI) anda ¥p(V) to Np(IV) by B{IV) wore cbiained for
different U{IV) and nitric eoid voncenmbrations. Some rsdox resctions
Anvolving Bp(IV), Pa(lV) ana V(V) we-2 investigated and their possible

epplication in the pavex i;rocess for nepbunium recovery were explored.




FROGESS CHEMISTRY OF NEPTUNIUM . PARP I1
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Vo¥e Eamakx-ishm. Bajendya Swarup, 4.Chadhs
and GeVoN. Avadheny

1. INTROIUCTION

Noptundum~237 is produced in significort amounts in uranium feelled
powexr reastors and i%a reoovery during the reprocessing of the ivredisted
fuels has Tecvvtly beoome important as it is the starting material for the
pmduetioh of m-a,’;s waich e used in oompact power sourses. Kilogram quamti-
tien o£ !i'p—237 m baimg produeeﬁ in powe“ roactors thus meking ite reawsry
a mtt,@z of aomiﬁerable interest.

ﬁm wm'&: on the preaeal chenistyy of neptunium was wndertaler with
2 view %o arriving 8t muitable conditions for meptuniuvm racovery, alengwith
Tmnium and pluismi:m, ‘wy the pumx progess in the PREFRE  Plant Tarapuy.
Ba'k@h exkraetmn dats ab room tampemtux-e for Np(IV) and Np(VI) into 30 TBP
@.t diﬂ‘azm‘at aquemza ni'brio @cm concentrations and as a function of' eatumtim

s:i‘ the erganie:s phaee hy m:anium wore obtained a.na naumrise& :lm the eariier

3.8 a‘btame wera“ a.lﬁo :Bm@ludeﬁ in 'tha:% repnﬁc In continmtion of
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vartitioning oycls theugh dhe extmetion ¢onditiona werxe identicsl in both
the oycles. In oxder to wndexsband this exirecvion behaviour of Neptunivm
in the purex provess the cxidatlon state apalysis of neptunium in the feed
golution of the Plutonium Flant a% Tmmba.y was cfrried out and the mﬂttlta
are gesor.'tad in Seution 2e '

It is knowm that the *.iﬂmon produst deconvamination fm%m m
be impruved by cperating some sectioms of the purex process at elewteca
(2)

tenperatures In oxder o Qetsruine the effuet of higher temgamtums

on neptunium extruution into TEP, batch extraction data for Np (IV ) ami

Np(¥I) into 3% TEP et dii‘femt agueous m.trio ae:ld cenaentratiom and

a8 function of the organio phase satura.%ion by mnium ware ammaﬁ r.-»'t 4,;" :
end 63°C and the resulis ars aummxia&eﬂ m Seetian 3. o

Batch extraction dm‘:a fbr nrp(IV) and npg*n:) .-mm TBP an B fm-.tmf-_
of TBP concentration were obtainad to determme tha depen&ama 01;‘ e .
distrioution coefficient on THP compnmtmn ami the resulw aye giveﬁ :in

Saotion 4.

Ta adjust the ondat *on a’oat'e of p‘ .ztm-siumi ten Pu(ﬂ') ni‘%:t‘mm mid'
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Np{IV) and Np{V1) are extracted by hexone from 2n ageous phase which is 15

in nitole asid and saturated with ammonium uitmte(ﬂt Upder these cc;m‘ii..
tions Np(V) is not at 8ll extrected oy hezone. Altermatively, gogyre;:eipitatien
of neptunium with La.F3 '8 another tool which can distimguish the diffexent
oxidation s*ates. Experiments were carried cut to find out the coprecipitation
behaviour of different oxidation states of neptunium wiih La.FE and the data
are presentes in Tabies 14, These dete show that Np(I¥) and Np(V) are
quentitatively carried by LaF3 vhile Np(VI' is not et 81} carvied, and that
there is little interferemce due to the presence of ursnium uptc 100 mg/ml

on *he coprecipitation behaviour of nepbunium in ’ﬂifji'e_xent oxidation states.
Fence by & suiiable combination of the TTA extraction, hexone extraction émi
LaF5 precipitation it weg possidble ‘¢ estimate the diffexent ogi_ﬂat;iqn’ gtaten

of neptunium present in a given sample.

2.2 Experimental
Oxidation states of neptunium in the feed solution of the first

oycle were amalysed before and after candztianing for the wxidation e*tate

ad justment of plutonmm using l!’:a.N('J;g The volume oi‘ the aample éhosen for

& known volume of the sample as taken and’ 1%9 totafﬂ. nepts.mium eontent ma

first estimated by the LA e"ctmctzon meﬁmd( ,3) In th.iﬁ method th éampla

equilibrated with 0,54 TTA, Under these condi%ions neptunium. iﬁl pra

Fo(IV) chich is extrac'l.able by TPA vhoreas plu‘tami‘
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the squeous phage. The extracced neptunium was subsequently stripped into
8¥ nitric svid. In thio etripples process sizconium and probactinium whichk
are extzacteble by TTA zewain in the organic phase. The extrastion-stripping
process wmg repeated twice to ged good decuntamination of the neptunium from
plutonium and fission pra&usta(ﬂa The perecentage yield of neptunivm in this
pz‘abeas was eetimated by tegging neptunium with a known quentity of 259ﬂp,
The Ep(iﬂ present in the sample wao estimated by adjusting & kmown
aliquot of the sample to 1M in mitric s2cid and then extrasting the Hp(IV)
m'z’:h OaSM TTA@ The extracted nepbuuium wes purified from plutonium armd
?ﬁtm’?@‘iﬁﬁ the TTA em‘:;r.iction method ag demoribed ebove. Iznthenum
_x"l?,.mridﬁvpmipitation vas carwied on & known aliguot of the sample awd the
P';pft:ﬁn..‘iumcarrieﬂ {®p(IV) and Np(¥)) with La}‘% was purified and estimated by
'ths,,'f'l’ﬁ extraétion method. The &ifference. in the values of the neptunivm
ccmtpnt obtained with direct TTA extraction method, i.n., Fp(IV) and that

Q%r;:i_eé by‘ La,Fi.’, i.2s Np(IV) + Np(V) was taken as the amount of Np(V) present

m the . aa,};sxpl;eo ?he ﬁifﬁ'mzen@e beween the totael nepiunium content, i.e.

"-%»;;1‘53;3(‘51 ) emd, that. mina by La%g 1oeq Bp(IT) + Bp(V) was

5 emi andfneaxly sa'mmate@ w;.m lk"ri' L‘i@a@

&

c;ycle' "a-v'e s‘nmm in Table 5, It is seen from

mly ag’ Np(‘vf) in the feed solution.
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The presence of about 30-35% Np(IV) in the samples 1-3 my be due to the
dispronoxstionation of Np(V) vhich is erhanced at hizher 2cidity and in the
presence of complexing anions such as nitrate (9) . "The absence of ﬂp(’!I) in
these selutions, however, may be due to its reduction to Np(V) by radiolysis
or exposure to light which is known to veduce Np{VI) to Hp(¥) especinliy in
the presence of uranium(m) o

Recently Bahr(10) investigated the oxidation states of neptunium
by dissolving irradisted neptunium doped- urenium oxide ip nitric acid and
anzlysing by extreotion with 305 TEP-alkane. Assuming that only Np(IV) end
Np(VI) get extracted while Np(V) vemains unextzacted, Bahr observed that the
results were not reproducible as the ratio of the extracted to the mnextizeted
neptunium species varied from 10:1 4o 1:10. By adding the neptunium in a
known oxidation state, (IV), (V) or (VI) %o nitric acid in. vhich izradiaied
urapivm metal or uranium oxide was subseguently dissolved and following the
oxidation state of neptupium during a.nd. after dissolu’kion bty spectrophotometry
i% was reported that rneptunium e*:itiated’r.nainly as ¥p{V) during amd after
dissolution of urapium., A1l the nephmium was uxiﬂised to N¥p(VI) onily by
bciltn,, the sclu‘o:.on in TH ni‘brie acid :[‘or 3 hours. ‘The vapistion in the ~

results obtained by TBP extxacticn could’ be aue to differen coﬁe’en%;‘fa{iaﬁ%

of pitrous acid present in e {8 known to affest

the oxidstion of Np(V) to Np(VI) by

nj:bra.te in '&he pz'eaence"‘rof 'l‘BP(1 1912).}

The present resulte on *?;he exidaticm state ana‘.tysiﬁ ei‘ nep'humum axs in :

agreenent with those reparted b;v "1anary anﬁ l?a.r%«:s?r(5 ) and by Bahf(w)

Assuming that neptimium was P sent as Hp(v; in: -ti»e sem nd cycle - u"'r 2

"eed also -the highar pv-‘ars.ct o'r: czi‘ nep ;'LJ’I"L!L; :?._ the first cycle compa a "9

that in the seco

‘ "n?e mBJ be egplained by -tha presence of.



aceclerating material. It was reported (12) that the products of the reaction
of uraniwm earbide (vhich is present in the metallic uranium fuel elements)
with nitric acid and of the reaotion of the plant solvent with nitric aecid
accelerated the rate of oxidation of Np(V) to mp(VI) by nitrate. Siddall and
(11)

Dukes reported that pitrous acid catalysed the oxidation of Np(V) to Np(VI)

by nitrete and that the rate vas independent of the concentration of nitrous
zoid. ERovever, Swanson observe&(iz) that the oxidation was dependent on
nitrous 20id concentration and was erhznced by the presence of TBP probably
due %o the formation of the rate accelerating materials. Some preliminary
wOTX (75 ) carried out in this laboratory tends to support the latter view. In
the second cyecle, the concentration of nitrous acid would be less than that
in the first eycle vhers itz radioclytic formiilon would be more. Thus the
absence of the rate sccelerating materials and the reduction in the nitrous
acid .concentration would prohably explain the decrease in the extraction of

nephuniun in the segond c¢ycle. f

3; "H.T.‘. EFFEGT OF NITRIC ACTD AMD URANIUM CUNCENTRATION UK THE EXTRACTIUN
OF Np(IV) AND Hp(V¥I) INTO 308 TEP AT 45°C AND 60°C .

The effest of uranium saturation of 305 TEP in Shell sol-T (SST)

e e.f:tz‘actinn of Hp{ (I‘I ) and Bp \V") at room temperature was reported

‘ea.zller( ) In the PREFFE Plant 2t Tzyepur, under coosiruction, the wurious
ex;traatiﬂn}:celms; ?{ill‘bé"'v.previded‘ with jackets to have the desired tervera-
ture as it is known ‘tha{ the decontamination factors can be improved by
cpera'h.ug iéﬁﬁézéééﬁm of the purex process at higher temperatures (2)9 It
\as, uhe::ei‘ov'e, cﬁms;&ered :‘Jzze"?.axy Lo suz.d:; the sxirection behaviour of
neptunlum a‘-:, ’mche'ﬁ temprma:ﬂcs oy ‘Lﬁer conditions velevant to the preocess.

e

Irx thee preqent ) or::f,"-'rle ef ec 1 qu ecus Aitric acid cc*:cx.nmaman and

‘m
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oxganic phase ursnium conosntratich on the oxtzaction of Np{I¥) and ¥p(Vi)
into 30% TEP.SST at 45°C apd 60°C wap studied amd i vepertad here.

3.1 Experimenta}
The experimontal procedurs for the extraction of Fp{IV) aud Np{‘é‘I)
with varying nitrle acid and urenlun consentrations imto 3(% TEG is the same

(1)

as desoribed earlier exoopl that, prior to uwee; the TBP was pre-sguilibreted
with pnitric asid of the covresponding concentzation. The eqmmilideniions wape
carried out in & thermoatated waterbath the tomporaturs of vhilch was minthined

within + 0.1°C.

5.2 Regults and observations
The date sbiainsd on the squilibrium concantration ofmnium ‘and
nitric acid in both agusous and orgenic pheses end the distribution eoeffiés.@nts
of §p(IV) and Kp(VI) ot vazying oon mtraticns of wenium and nitric soid %
45°C ave given in Tables 6«9 and similay dats ob §0°C.are given in Tables 10-13.
The plots of the distribution codffisisnte of ¥p(IV) ve czgepic phese visnium |
concentration at difforent nitr:le aoid comentra'tiom a’" 45*3 &nﬁ. 5@"’@ axe
ghown in Figures % and 2 respecstiveix. Si&ﬂar &a’m *Foﬁ Hg@'?) m 515"0 and
. 60°C exo ehown in Figuzes 3 ana 4 raﬂpectivﬂya R T

3 o241 The sffect of te@smm rm. :*bhe : trihutiﬂnofmﬁﬂwscansﬂwantss X
From the data abi:a.maﬂ :ﬁa %he 1 {4 45 seon H

exi:metion cf Hp{Vi) s hi@her ‘Ehan ﬂm@ » ; 8l

uranton and nitrie esid st the. temyemhms studieﬂ. 9&.‘13’ i '&-ne exparmmsa

at 4¥ niv'szi@ anid snd 60"8‘:9 the d:iutrihution eaefz folenits of Np(ﬂ) a20 %%ighea.

#han thuge of Wp(VI) at. high ursnium anncentmtion in. ‘&he ez“g_,
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Bxgapt Lrom 1M '\itric aoid with low uranium concentration, the distribution
coeffioclent of Hp(IV), increased wilth ¥he increase of temperature from 45° to
60°C anad the rela‘hive Increase in the distritution coefficient was ephanced

b;sr ’c&\e preaence of uranium. This effect i similar tc that observed in the
cage of Pa{IV) extmction( 4) and 1o due to the decrease in uranivm distri-
‘buticm coefficient with increasing temperature which makes more free TBP
available for the extxaction of Hp(IV) at higher temperature. The distrivution
acaffioiente of both Y(VI) and Np(ﬁ) degreased with the incresse of %emperature
from 45°C %o 60°C and the gecrease beoomes smaller with increasing concentra-
'tion oi' umnium in the organic phase. The behavicur ig similaxr to that
a‘baemd in i‘.he sxtzmotion of Pu(vlj**14) and u(vx)“ﬂ Tae iistribution
maffiaiem oi‘ mi‘bric acld seemz 0 be almost unaffected by increasing the
eenzpez*amre up%a 60°¢, y The preseps absez—ationa on the effect of tempsrature

_ an t&m irenﬁ 2 the di&%ﬁmﬁm coef“iciams axe in genersl agreement with

%}“’-‘W “"%m%ed in the literature for HE’O (16) 'ii(m)('i 5°237 ¥ (m)(fé, end
%m)(wm ac;,m)

"%"1'3‘*’02@2 'ﬁm win o Nensunium Retiens  The Tabio of the distribution.coefficlent

af EI{‘JI) L st of Tp(VI) for e same somsentzation of trenium in the orgenic

gx‘a 53%5 m.m %6 remsin spproeimadely consiant. AV zoom temgem%m:e for 2=4 H

MM’ a@iﬁ ‘m\.@mm‘zi@g ami e.-% &11 &mi&u em@ammtmns is:; the eraama

eivublon ezéif,iaiepﬁ. e;&‘ ﬁ.{ﬂ) wﬂez aiﬁl&ﬂ: mﬁc_itmnau




The conparison of

the distribution coofficient data for Np(IV) and Fp(VI) chews that the ratic
of the distritution ccefficient of Np(VI) and Hp(IV) at aquimemé crgenis
thase uraniwn loading dem-ea.éem with Increasing acidity at a:il,l fh@ temﬁﬁmmé;m
ptudied. This 1a similer to the observetion roported ia the extraction of
(25)

pluionium®
4. VARIATIQN OF THE DISTRIBUPION CCEFFICIENT OF Np(IV) AND 1p(VI) WITH ©BP
CONCENTRATIOH
The distribution coefficient of both Hp(IV) amd Hp{V¥I) vary Mnaaﬂy
with the aquarye of the TEP amaxmat;an(a“ « Bowevex, thin relation 10 true
enly for very low eoncentmtian of TP, For highex- THR omantmtiens the o

distritution coeffiolent is mpar%ed ’an w.ry 11:169.&13' to a c’(egma nmiﬂambw

lower than equaze of the TEP sompentzsticn for U(11)15) s mu . for

Pn(n)(ZS). Tt was, therefore, considered intaresting %.a atuay tae ﬁep anae

of the aistribution coefficient of Fp(IV) anﬁ Ep("ﬂ) on ﬁa.e TBP eamcemm'hiam :

The Gu.ta. ware obiained on the variation of the dia'%;rimtmn ﬁuaﬁ'iaien‘b of
1p(IV) and Np(VI) as & function of the TEP concentyation wanging from 56 « 30%

and ars roporiad hews.

44V Exporiments]
Ebrtrautinn og‘ ﬂp( ) uﬂé I RO e

holding reeuebam for Np(:w) ad 0,,01 H B‘eﬂz'ao wes useei aﬂ -the
for Hp(ﬂ) Both fomra end zeverse distribution data wem “ob



4.2 "Bosulls and chbaexrvations

The distribution coefficient date obbsained for the extraciion of
Hp(IV) end Np(VI) from 2X nitric acid into different concentrations of TEP
azo given in Table 14.' The foxvard and revez;se distributica A2¢a were in
ge?a agreoment with each other. A log-log plot of the distrivution
oosofficient va TBP concentration is shown in Figure 5. For Kp(IV), the
alope obtained io ebout 1.5 vhere as for Fp(VI) it 1s 1.2 in the range 10-30%
LEP oonventration. These slopes are comparable %o 1.7 and 1.4 reported for
the extraction of U(VI)(M) and Pu(‘%!l)(%) respestively.

5, THE EFFECT OF NITROUS ACID ON TRE EXTRACTION OF NEPTUNIUM BY TBP
It io keiown thet nitzous soid can ach both a8 en oxidizing agent
&nﬂa ré&ﬂe;mgﬁi—’agentand depaﬁﬁ}mg cn the experimental ooﬁ&iticms, can oxidise
HPU"V’) o iip(V)f(gﬂjas& Hpi¥) %o Kp(‘ﬁ)ﬁﬂ and as well reduce Fp{VI) to ﬁp{v)(ae)
mﬁﬁp(v) to ﬁp(ﬁ?}(zgja In the purex process mitrous ecid is added to the
foad séiétiaﬁ,, to adjust the exidatien state of pluboniua 4o Pu(IV) vhich io
Y@mﬁﬁé‘b}a by TEP, The bemoficial effest of nitrous =oid on neptunium
g,@m"mt...cm ¥y TEP vas obeorved in vericus sepexstien piem*s(%”ﬂ 1 ). As Hp(¥Y)

5% @Rtmﬁ'm:al@ oxidation state of aspivnium by ?BP,} conversicn of ho

‘Tlm@yﬂmﬁ.&m m h‘p{ﬂ) ?ﬁ&&lﬁ goselt in the weximum aeextmetim of neptunive by
_._fmp“*“f ths

;_.@xa@eam @h@ ei‘fmt- @i‘ ni-tm;@ m:m on. the exﬁramion of

,::by ‘m’? uﬁﬂw $ho purex progess oomditions, ms simdied.
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sulpbate soluiion snd then vitrating the excess Ce(IV) with standard forrous

sumonium sulphate uweing fexrroin as the indleator.

5e1.2 Ixeparasion of Np(IV): Avcut 100 g of §p=237 s mized with & euitable
apount of Np=239 and the mixture wms redussd o Npl{IV) bty ferzous enlphesmate

{ ~ 0.01%) in 1¥ nitric acld. The Hp(IV) wes then exizected imte 0;5 zm*m
ard gubsequently stiipped from the orgamic phase into 8M nitrie acid. This
sas the stock solution of Kp(IV). Prior to use, the oxidaticn etate of

neptuninn in the stouk solution was checked by T2 extwotion.

5.1.5 Preparation of Np(V): A etock solution of Np(V) was prepared by heating
2 ¥p(IV) solution, prepaved &a desoribed akove, in & dilute nitric scid
solution (~ 0.5!) for about an hour on a waterbath, This time wes sufficlent
for the quantitative oxidation ef Hp{IV) to gp(vJ eg seen from the data
presented in Teble 15, The absense of Hp(I‘f} in %his solution was checked by
the TPA extraction method and that of Kp(VI) by the hexone extzaction meth@da

34104 Procedure: Analiguot of Hp{IV) or He(¥} was pipetted into 1-4¥ nitzio
a6id solutions in the absence &8 well as in the prasence of & known amount of
vraniem followed by the eddition of FalO, te give an ihitisl nitxito conootie
tration of 2.9 x 1072 M. The neptuniun conoentretion was kept st 1-:»271@7%3.5
After allowing a definite pericd fé;-‘f-tha_arﬁémtﬁj;&; 1o procesd- ot the peuizred -
temperature, these solutions tem"aqﬂﬂibméééb"ﬁth -aqiiﬂl;:valu.mea of 3@3% :

TEP-55T, The experiments uvsing Hp(V) were done in the presemse ae well as

in the absence of light. In s fe'er emermem-a aftez: &d&im@ Np(V) and N&ﬁﬁ .
into the nitrie asid aulutiom containing mniumg air wae bubbled tl"tz-ough
the eclution for 15 nimies &nﬂ t’n@n the selutions aexea kepis fax 2» hmam )

before equilibrating with 50 TEP, M the end of the equili’bmtiun o tebie -
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aliquots from both phaces were rewoved emd their gamms aotivity wes counted

uoing & Fal(?1) scintiliation counter.

52 Remulin erd ohssyvations

The distribution coefficdent of Hp(IV) obirined as ¢ funotion of mitrie
zoid congamtration end temperature under the condibicns mentiomed, are given
in Todle 16. Similer dats in the presence of ureniim ave given in Tabvlae 17,
The distribution coefficients of Hp(IV), using ~~ 0.01H ferrcus sulphemate
as the holding reductant and with no E&HOQ addition, vnder ifdentioel comditions,
et room temperature vere obtained and imoluded in these Tables for compariszon.
I% io seen from the date in thees two Tables as well a2 those presented in
Table 18 that in the presence and the ebsense of uzanium, Fp(IV) was practically
not affeoted by ap initiel nitwite eonsentyation of 2.9 z 10°°M, The dota
obbzined 631 the dietribtution ocefficient of meptunium, initiaiiy presemt in
the agusous phase as Fo(V) are given in Tedle 19. It 1o seen from these data
thet the distributicn eovefflclient of neptunivm inoreases with inereasing nitrie
a0id concentration showing thewsby that Np(¥) is gotting oxidised to Np(VI) vy
&mﬁmasiﬂg the nitric aold soncentrzation in the prescmce of 2.9 10°2M inisinl
niﬁxm aﬂi@.a :
| I‘c sz ramm@d by Bamr(w) thet in the prosense of light, parbicularly

’iﬁmeﬁ a &mnﬁm ave presont, ¥p ‘9’1) 16 slowly veduced to Np(V). To olimi-

ﬁme 48 p&mi‘bﬂi aapez'imxata wers aloo done in the absence of light by
s ' ﬁ.li'bmtian tmbea with blrok paper and the data obtained axre
'pﬁ@aemt&ﬂ im mﬁe 20, It io soep from these data thet the extrastion of
Ex@mmﬂ;{kﬁn&rm@;% with incressinz nitric acld concentration and temporaiuxe

e dsopessing siighily with i.sl{,z:eauis:g ‘niteone ooid concentration inm the
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ASter the eddition of Nmiog the puvex process feod solullens tre usually
aized by air epsyging. It is, therefors, considered dzsivabls to stndy tha
offect of tubbling air aftor Hal, additien to Hp{¥) vefore eqriliveating the
name with TEP. Toblo 29 gives the dats on veptuninm extaestien injo TP im
the prosence of uranium after twbbling air for 15 wimies to tho selution ef
¥p(V) in nitrio amd nitrous eolds and thom lotvipgy for 2 hours before equilie
breting with THP. Frem a comparison of the deta preacnted im Tebleo 20 and
29, it can be sald that aip-sporging hos 1littlo effect om the sxirsoticn ef
naptunivm.

The role of nitrous 8cid in the cxidatiom of pr(v) +o Hp(V1) in mitrde
20id solutior moy ba yeprosented by ths equation (1)

& = - 2
2 ¥pO, + N0, + 3H --——-—-k. 2§p0, + HI0, + B0 {1)

Tao cxidising systan #03/HI0, vhose potentisl ey be written & in equetion
(2) depsnds on tho scidity (%o the third pomex) op cre hend,

Be093+ 2 105 _ 1% ] (2)
[.mm?] .

snd on the consentration of Hﬁ@a on the other. It i cleer thet ﬁai&&g&%%

is more oxidieing if the soidity is high ani mmz @aman’éra%@a Tows o

oxidetion is more favoured im the pmaame of aumplezxing agente ke’ "‘w

which complexes and extizects Wp{Vij. The zols’ af m’smss &aiﬂ in: ﬁh@ miﬂ&@iﬁﬂ

of Fp{V) to Bp(VI) in the presence of THP end uremiim heg" mm ‘bgbm dmmm@a
im t!m cecti@n 2o3

6. REDUCTION OF m»(w.) A 1e(v) 7o ¥o(3v) By o(Iv)

‘Ths meparation of pluicninm from wroniwm by reducing pmﬂmmﬁm“ﬁﬁ;

1o & familiar feedurs of the purex provess. Moai of the yeducing Sgonts”




&@mriheﬁ(g 3034) for the purpoze of separetirz sluntoniue from urenive in a
golvent extrastior process imtroduce “foreigs" substiences iv the syptem
@egdo, cations like Fo e and E‘eﬁ and anlons like 8022 whieh distnrb or
somplicats the eubSeguent parifieaticn steps ori nisd 644 o the provleus
of corrosion and waste mansgement. Sines the conditions cen casily be
chesen so that the tetre and hexevalent fotinidss profer the organic phase
while the trivalemt cctinides rvemzin imn the equsocus phase(f'j’%) the use
of U(IV) eo en altermative to ferrous sulphemets was studied by several
{37=40}

workera 43 1% i3 proposed to use U(IV) as a reducinz egemt in the

rertitioning «ycleo of the purex procese in the PREFRE Plant at Tarepur it
was comsidored interosting to study the offect of G(IV) on the reduction

of MWp(VI) end Np(V) to Np(IV) under the purex process comditions.

6.9 Erperimentel

6.1.1 Proparation of !Iii‘?}s Draninn (IV) was yrayered by elechtrolytie
rednotion of 0.0 M urenyl nitrate soluticon ir 2M n..trie acid veing wmercuny
aathﬁde(& ) end wap ontimated spectrophotometzrically by adding an czcess
of forrle chloride and o-phensnthyolins to known &liguet of U{IV) and
Beesuring the fexrous phonenthrsliine at 5@6 m@ }e The reduction of
Fo{III} to Fa(II) by WIV) ie ropid sud wmpl@%em Y, 1 U(1v) ie repidly
oxidioed bo U ?I}(‘%g) in ¢he prssence of nistrite iomn this was stabiliged
by killing HHO, = wite hydzesine. Tho enount-of hydrezins in U(IV) wes elso
a8 &imm;ed ape&ﬁwpho@cm%fie&lly by complezing 4% with p-dinsthylemine

h@smﬂl&eﬁfgﬂe(@}

71)2 Feptunium {V) was prepered im tho

o162 P‘P@;‘mﬁmuﬂ of ip{V) epd N
seme 'Ei“&;f &3 _;&93@;&’5@'&3@& eselier in sootion JoloJ. Neptunbun{Vi) ves proposed

by cridising the sepiudun with 2g0s The excess of Bg(1Z) was destroysd
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6.1.3 Procedure’ An aliguot of Np(¥) or Hp(VI) wus added to a selutien having
known uranium and nitrie scid concentrations and an aliquot of U{IV) was then
dded to it to give the desired consentzationm of U(IV), Afver ailuwing the

reaotion t0 proceed for & desired length of time, either In prisence or In
absence of light, the amount of ¥-{IV) formed was eatimated by semoving on
aliquet from the reaction mixbture, adjusting it to 1M ln nitric ecld end
extracting the Np(IV) formed by 0.5 M ITA, Hydrezive oonseptration of 0.02 K
and neptunium concentration of '2-»10/\.13/&31 were kopt in all the oxperiments aa
it wae observed that the rate of reducticn to Mp(IV) by U(IV) was not affected
ty varxying the smoumnte of hydraszine in the ramge 0.01 = 0.1 M and mpt‘miﬁsa
concentration in the xange 1 = 10/ug/znle In » me eaperiments with Np(Vi),
Fp{V1) was extrect~d into 300 TEP-SST along wita B(VI) (to give ~ §0 mg/mi
uranjum in the orgenic phase) amd this wes equilibrated for & desized lemgih
of time with an aquecus phase of the desired concentration of U{IV) and nitrie
seid. At the end of the eguilibrotion sultsble aliguots fyon both rhases ware

yemoved for gammm counting.

6.2 Results snd observatbions

The rate of redusction of ¥p(V) by U(I¥) im nitric acid ie sccelerated
by the presemce of uranyl uitmta 88 ’aedm from the dals presénted in Plgure 6o
Figure 7 shows the sffect of W(Iﬂ egncaﬂtm%t..n sn the reduction of -*n\‘?)
%o Np{I¥) in the presence of umnium 1H niﬁric aciﬁ and in the abeence of
light. Similer date in the presence of light % room tempezature { =/ 25°),
45° and 60°C are respectively chown in Figuxes 8-10. Figsmé 11 shoms the -
offoct of U(IV) concentration en the roduction of ¥p (V) in the p:asem@ of
uranivm in 2M niﬁxie soid at voom tempezaiuze and in the abezenca of ugm@ o

Similaxr date at 2 M nitric sciﬁ in the presence of light ab room ';;Pa.p zﬁm@mf;

45°C and 60°C are renpectively shom in Figures 12-14, Figvmea '85 am@ 16

chow the results on the redustion of Np(VI) by U(Iv) m the. @’imml
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&% T8 axd ZU nitric 8old concentzetlons meopsotively. Flgers 17 shows itne
results on the rednction of Hp{¥) es we'l as Wp(VI) at e meptunium concen=
tration of :;Q/ug/m. in 18 nitzrdo coid by 0.2 mg/ml V(IV) in the presonce of

140 ma‘/ml urenyl altrats both im the presence end the absence of light.

In the purexz procese U{IV)} will be imtroduced in tho pertit’oning
oyole whore plutoniem, uroniun oxd neptunivm ore preseat in the orgenio
pheze. Hamoo 4t van of intersst 0 oiwdy the weduoition of Bp(VI) 4m the
orgenio phase with ULIV) in ‘he aqueous phase. Piguree 16 and 19 show the
roenlts of equilibesting Hp(VI) prosent im 307 TBP aleng with < &0 mg/pl
of uzanyl nitrate with U{I¥) czosent in the ajuoous pmaé et 1H and U

niteic eald gospsotively.

6.2:1 Effacd e:i“ iishts The date presented in Figare 17 ond e
esmpericon of the deta presented in Figure 7 with Slgure 8 2md thet in
Figare 11 with Figave 12 reveel that the presencs of 1light seoseloxatee

the gate of redrotion of either Np(VI} or Ep(¥) %o ¥p(I¥) w U(I¥),

6«2@2. Efgeqt of %emgm;aﬁa_ﬁs The 4ats presented im Figures 810 snd these
' m E‘iw%@a‘i 214 zeveel thet en ipereess im tomperaturs fEvoRro %ha forme~

ma og m(w) &mmomblm

r&‘-azgz@'f Effenl of nitrie aeid oopeentrationt The @ate presonted in Fignzeo
9590 g4 ‘thews in Migazes 1i-14 show thet higher the nitric oeld comeen-

ti'&%ian_i‘m@*&ar the rotuction of Bp(V) . ¢o Wp(iv}e

6.2 4 Elffeog? of wng @@mmmﬁggms . ‘.ﬁz@ data ﬁma@mee?a in Figuwes 7=14

E‘!h@ﬁ that hzg?%r B{3¥) + Jncentration couges Sastor weinetion of NplV) to

: NE-'*'(IV)Q
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6.2.5 Comparison of the xedv. o of Np(VI) and Mp(¥) by U(IV): It 4o seem

fron the data presenied in Figures 7 and 11 axd those .izx Sﬁé&mﬂ 15 apd 16

that the .eduetion of Hp{VI) or Fp(V) by U{I¥) under :hiantiea.?, conditions
resulted in the same amownt of Np(I¥) in & dufimite p@mcéz. Thio observaticn

is contradictory to that reported by Salomnn et al(':M) who observad that the
reduotion of Np(VI) to Np(I¥) vy U(IV) was fmeter than that of Fp(V) to Npl(I¥).
To resolve this discrepancy the experiments of Soloman etk 31(44) worg Tepended
and the resulis are ih:luded in Figurs 17. Tns dats inm thie flgure indicate
that the reduotion mabes of ¥p(vI) axd Hp(V) aze closs to each other, the
reduction of Np(¥) being slightly faster then that of Np{VI). Tt may be
inferxed thet the reduction of Np{VI) to Ep(IV) by W(IV) is a twoestep process, |

1.04, 2lmost instantaneous xeduotion to ¥p(V) end then slow réduptim to Epl(IV),

6.2.6 Reduohion of %WI) in TPP by aquecus U{IV}): From the da%s prosented

in Figure 19, it is seen that ebont 25% of the neptunium &a@ﬁwiw 85311

remained in the organioc phase when 1 mg/ml of U(IV) in 2K nitric acid was
equilibated with 30% TBP containing Hp (VI) tmd U(ﬂ It i= 1ﬂ:ely et

Hp(VI) waich might have almost instantsnaously mﬁueaa %o Nn(v) m:ighi: hme
further reduced to Hp(IF) (sspeeially in the pmaama of U(VI) %iﬂ(’a‘h aaee‘l@m'&%
this meduotion) which is exl;mctable dnte’ 50‘% 'I‘BPa In order to mmﬁrm this |
an ongeriment was osrrded tub w.erein Fp{VI) in ﬁae; TBP phase, in’ 'the a&sn@ms

of B(VI) wae equilibrated with 1 mg/m‘l of U(IV) in 2M nitrio B»Qiao X% w:m L
found ﬂmt after 20 minntes of equll ibm‘hion only 6% ofy nepﬁ'unilm &aﬂv&"w
remained in the ozganic phase soolud ing themby ﬁmﬁ the ahsema ai' ﬁ{?x}
rotarded the further raﬁuatic‘m of: xs.p(v) o Np(m) S ‘
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T Z'M RBAG‘I'I@‘%S or mm PC THE PUREX PRODESS
napmuium in the purex process, 18 possible whea it i6 prescnt ee Hp(VI) ia

1% ic knowm that mazimum cosztzaction of

the feed solution. Seolestive oxidation of Np(V) to Mp(VI) by V(V) wme
reportod by Dukes (45) and was supcegsfully woad for the cosxtraction of
meptunlum by Bahr and Km:h{%)s To achieve this it was prc:posed(‘ﬂ) %0 add
V(¥) to the fecds of the fivat end second cycles of the purex process bo
cawee selootive oxidation of meptunium spocise to Fp(VI). Under these com=
ditdlonn, it is nscessary thet plutonium shiculd rewain 2s Pu(IV). Hemee it
wes considered velevant to study the effect of V(V) on the oxidetion state

of Pu{IV), undexr the purex process conditions.

7127 Bp

vimentals 4 stock sclution of Pu(lV) was prepa:e’e& by adding 2

’ 11‘!:%1@ H,0 2‘ 0 o plutonium solution in 6¥ nitric acid and then destroying
the excess H,0, by heating. Tenadium(V) solution was prepared by dissolving
L.Re grade VEG,,.) in @ilute sodium hydroxide solution and them nitric acid
"f\“as mﬁﬂed 0 1% to gwa the acidity of sboud 3M. The consentration of T(¥)
jf'mﬁ eaﬁmﬁeﬁ by ‘reducing \T(V) with excess Fe(II) to v{(IV), oxidising the
e..,ssea“ Zﬂe(n} by pezony &J.sulphaﬁe and then titrating V(IV) with stendard

"*im(“*s) . 'sui-r.am_e a:liqueta ot Pu(IV), V(V) end nitric 2cid axe

. e"’“‘é"mimd- wgether‘ %o give the Qeaiwed’ aomentr'atmm. ‘The experiments wero

;y;~:‘:¢ ioled [‘n‘b ﬁn the shsencs of 1ight and” in & i‘ew casess’ in the prescnos of

i""f'"'fummume ‘Smi-&i:imls eliquots fxon the ‘reae‘&iem*mix%um wore withdraw &%

";'“.mimm tims sntereals, and after ed jusbing the- se1dity to W in attrio a0ld
i:ﬁ?} mﬁ o x’& wheto d m% 905 L T4, The plutonivm whi@h e not

f’fm% ms 'tazmm a8 %am et of PulVl) formed by exidation 4ds
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7.1.2 [Resulta Discussions The zesults of the experiments earried ocul %o
study the effect of V(V) on Fu(IV) are given in Tablo 22. From theso &ats it
is seen thot less than 10% of Pu(IV) wus oxidised by V(V) end tuet the presence
of uranijun has little influence on ﬁiis oxidation. In the purex pmaass foed
golution, however, even this small amount of Pu(VI) thus formed will be reducad
to Pu(IV) by nitrous scid produced yadiolytically vhich will also redves most
of V(V) thus proventing the oxidation of Pu(IV). It is anticipated thet the
addition of V(V) to tﬁe feed solution (Tiret cysle or seccnd cyc'.lé) will mod

have any adverse effect on the recoveries of plutonium.

T.2  The co-stability of Np(I¥) erd Pu(IV): When U(IV) is used ss the partis

tionirg agent, a major fraction of mepitunivm aceompanies the aquecus stream‘ 1]
¥p(V) assuming neptunium to be present as Np(VI) in the loaded organic stresm
entering the partitioning eolum(49°50). However, if neptunive is pregent in
the loaded organic atreum ontering the partitioning column as,ﬂp(i? )s it ean
be made to follow uranium in the orgenie sivesm by & cazeful choige of nitrio
acid conorntmtion(3°'49) irrespective of the reduoing agent used for garii-
tioning. To achieve thie condition, it is neuesaaw,tha% tize feed to the
ssoond eyole ahoulﬂ cozxta:ln neptunium ) “;Hp(l?) a.nfi~ p.‘m mﬁ.um shm& mmm

es Pu(IV), C&zampion oxd Ghomme heve es&&bliahéd 5‘) e copa;tiona i‘az'

the solution. Ecmevarg #his ﬁmid requ.f@ oxp '

£ ra(ni meea ta 'i'he

zolution and %h:ie wma eaiﬂ & Iarg@ asmxzt ﬁo %he é@%iva mﬁem Iﬁ mg ‘ba .
convenient 4o prapwe ﬂpiﬂ) and Fa(Iv). - togethez ty £ x-gi; ﬁaugihg ﬁﬁﬂ; M

of meptuninm end pluvenium '12-;0 i {IV) ard Pu(II"') Ty ‘*‘@M awizjhamﬁs i:»E
U(I7) ana thon solbetively oxidising mmz) %0 Pu(:ﬁr) by atbsous, selde
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45 seen fmﬁz taa dato presented im sestion 5.2 Ep(IV) is not affested uy mitrous
wﬂei& tmﬂsx %‘ﬁeaa ﬁﬁﬁﬁi‘ﬁi&ﬂﬁo The stability of the Bp{IV) amd Pn(m} nixtare
ag&fmnt oxidatio!zemﬂmtiun neeéeﬂ Investigation. The redox potentinl of the
?u(m)/h(ﬂ) souple in ¥ acid solutien 15 - 0,92 v“iﬂa that of the Hp(IV)/
¥p{¥) ccuple iz -~ 0.T4 V(Sﬂa Fr@ these potemtisl values, it is seen that tho

exidstion of Bo(I¥) o %p{¥) v ;?u(-"-?)"is thermodynamically possibie. Tho mate
ef this exidatiaz‘sg wrler the puzexz process conditions et rocm tempercture wms
stidied. |

?_;J&‘J Bz ‘ezimszz‘ca 3 4 stock solubion of Ep{I¥) was propared as deseribed in

.@ection 5.1.2 and n stock solution of Pu(IV) wae prepared as desorided in

. &aotiqu Telole Szgi'&a.blé aliguots of Hp(ﬁ) end Pul{IV) wero pipotted imio &
-golubion oontaining known copsentrations of wraninm epd nitric scid. The

. ezperipenta weze corried cut im theo absence of light. Aliguots of this miztuwve

weve withirawn, ot diffevont tize jmtervals, inte M nitric ecid amd the

-oxidation state of msptuniuwn tes determined by extraction with 0.5 BETTA, The

Ee@tunim ?fh.ich weg nob emxf‘w%e& by ‘3‘?& ms taken oo “Tche amount of FplV) fozmed.

. amtim aue to hm’)

o i Eag_g;%m E*ﬁ@ ﬁ@nﬁ%bﬂ&i%y of @pcm ond ?um’} in o 5@*&@%& mm*&m
BRI S (S
‘ainile 0 ‘bhe @mﬂ@%& 'ﬂ‘aaa aolﬁ%m in %e ”‘m@z EBEFK" plant w2 a%m’iiaa

aaz:bg &ze: gi'aem i&a ;eblea 23 m a:;e %hawe &@t&s f@:" is sesn

%ﬁﬁ% more -tm cz 2’&;;(‘??} %:aim tmcv i&isaei—fﬁp Le pmaa:en of m(ﬁ? -m@
wae ﬁ%w '% .ras **asa:.ﬂ}.a.e 4o n.z‘:en gg{"ﬁa"; and- ?’JE?) %Ggﬁther '%:@ cause thets

) im,ﬁim&ﬁ ‘ff’:‘" ﬁe@a 4 any ea’;ﬁnmal %»agm‘& i@g im FEEPOST o



To xegover any neptunjum which follows plutonium dnfing the ywﬁiﬁi@a&m
step, which can heppen when neptunium is present es Np{VI) in the 1@3&&& organle
atream and U(IV) is used so the partitioning agent, it is mea-sar;r %o foxee
1% to the yaffinate of the plutonium purification cyole. Thie can Ve achiswed
by adjusting the oxidation state of neptunium in the fead of this oyole te
Fp(V). The pludonium product stream from the partitioning oolum will oomtain
noptuniun mainly as Sp(V) which will be zeduced to Hp(I¥) by U(IV) during the
hold-up poricd. When this sclution containing Pu(IlI} amd Ky(ﬂ) 16 condibiombd
with nitrite, to oxidise Pu{III) ve BulIV) for plutontun purification oysle,
the oxidation state of Np(IV) will remain undhalﬂlgea"; ‘The foed s’ aaﬁzﬂi‘&i@ﬂﬁﬁ
for the plutonium purification c;m‘:ie w;!.ll a&ntain mptgmﬁmﬁ an Np(ﬂ'} Wﬁh w:lii
"be coextracted with Pa(IV) in ﬁﬁﬁ oyola.s’ "o prsven% this mex%z%ﬁiﬂﬁ @i‘ , |
neptunium it is necessexy to oxidise Np(I¥) in this faed to ‘fﬁhewmmwi;‘mmmé N
Fp(¥). As the oxidation of Fp(IV) to Np(V) vy Pal(iV) st roon tempszsturs, wue
found 45 b= very slow as sesn from the data pregentad in sastion T.2:2% imé

same was attempted at higher %amyamﬁures anﬁ ¢he maulﬁa axa mpam@ﬁ hw@a

Tedet criventals The mssrimeﬂﬁﬂ g‘sx‘ﬂaeﬁum fur %h&me experimaﬂt@ ﬁ.ﬁ %h@

same 25 that d@aoﬂbea :in:’

present exparimentso

Te3 2 Rssults anﬁ ﬂiﬁeuﬂs ons %e da:ta o‘b‘mina& on '%h&} @xidntion
by m(ﬂ) at highez- tﬂmpemm- are gi n :
tia;ta that Hp(T‘F) can be ox idiaad e.lmaat qmtimﬁivelyg
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purification eyole in the Tayapur Plent assuning 507 end 1005 of the totzl.
meptunivs follows the pletonive etrenn duping a0 pertitioning oiep. The
foed tesks of tho ‘plutéﬁim porification oyole in the Teragur Flend anc
providss with heating jackets and the held-up timo in these teske im cxposted
40 bo 35440 minutes. It ls, thorefors, possible to cxidize Hp{IV) in tais
fagd to Np(v} in thie poricd of time. A1l the neptunium prosent ss ¥p(V)
#4ll thon follow the equeons reffinete from vhich nepbunium com be rosovezed
either by combining 1% with the waffinmate from uranium purificaticn oyole emd
uding anion exchenge progess o by backoyeling it $o the process for the
ageumiletion of nepiumium.

B CUSCEUSIONS
1% m Bgen from the date presented in this report thade
3} usptumium exiots minly te Wp(¥) in the feed of the codecontzmimstion
. oyols of the @mz vrocess. 45 Hp(VI) 4o the mosé eztzecisble oxidetien stote
of neptaniun ues of m@w 2018 or varsdium(V) %o cause the oxidation of
L ﬂ%‘%&miﬁm o %WI) would be moceseaxy 4o echieve tho meaimum soextrmetion of

_ ‘moptuniun dn he FRTeR PIGCOSH o

mm m bx‘mﬁa ascid’; naa m effect om the oxidation steto of

svmm;c prme&s emﬁ.uimsa
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iv) Trenima{IV) xeduoed p{VI) almest instentanccusly ¢o Up(V) spd et fuzihes
reduotion o Bp(IV) ix slow. Thua the uae of U(IV) as the pertitioniny agent
wuld cauze diversion of & mejor famotion of neptundum to the pﬁlntemigx;t%ﬁ%M'
if the nsptunium in the Jeaded omganio siyean entering the gmﬂmm anduin
ms precent sa Np(VI),

v) the use of redox resntions inmvelving V'(¥), Hp(iV) end Pull¥) snd tespersiue

gives varicus alierxuatives to forco nepluniun to the desited stresm.
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Rabvle 1
COPRECIPTRATION OF Rp{IV) 0% wg

Dol =12 pgfeds (o)) =18y [u] =100 mg/ede [26™] =000

Total 12 » 10 ngy Volums of cone. HF 8dded o 9 zl; Tovel volusme o 9 mi

Be.  Indtlal total SHp  Fimal SO7Hp setivity 1efy in % Bp{IV) cexried
os gotivity, omm the gupersats, of®m () mé_
1 52267 950 981

2 §2510 676 989




fahlg 2

SUPREMRPITATION & ¥p{V) cH zaz?ﬁ

(] =22 pefals [@50;] o3 Totel 12 = 10 ng

Volume of Totnl Toitiel total  Pimal ﬁg&p eotivity % wp(V)
Eo oynse BF  woluoss, 259!3@ sotivity 1ef% in the saporusts earried

Yoo imﬁgﬂg nl opz opm on LaF;
11 9 73284 4059 94.3
2 1 9 712912 3150 95.7
3 1 5 75208 2866 9642
4 2 5 207595 ges - G9.7
5 2 5 207695 735 99.7
6 2 5 207695 492 998
T 2 3 207695 513 . 9.7

Hotos  UplV) used in cxporiments moci-3 wes zzopered by exidising Bp in
9 B0, whth 0.0 B,On,Q, cud dhen reducing ¢4 to Fe(V) with
45 mg,’ml of HaB0,, 5p(V) used in experiments no.f=7 was preyared
by exidetion of Fp{1V) from ~ €058 HR, by keopiag 4¢ 1a & het

watar tath for about 2 houre.



Tabls 3
COPRECIPITATION (& ®p(V) OX m5 ¥ TLESENCE (P URANTIN

(Me] = ie2po/ets [@N0] =1y [U] = 200 mg/ed

Total volums = 5 mly Endtial total 227Hp activity = 316305 cpm

Ep, oodat  Yolume O pyma) PPp catavity tege % Bp (V)
Ho. e " in the supsrrets o8yriod
ng added, o ® on Mﬁ
Y 2]
1 10 1 0 100
2 10 1 300 99.91
3 ie 2 100 99 .97
4 10 2 €5 99,98
5 5 1 410 94 .98
6 5 1 295 99.91
7 5 2 430 99 .87
8 5 2 235 98,93

C

3
0.01 ¥ cepic amﬁoﬁum‘ﬁf'@a‘bé‘f azl‘d then reducing 1%

Foter Np{V) was prepsred by oxddiaing Np in 1 B HNO. eith

to Np(V) with mmog-‘;



Tabhln 4
COFRBRRPYPATEON OF Hp(vi) On L@E’.B

[) = 2-2pefads [@0;] =1y [Ce(1¥)] = o0.00'm

Agount off 1o » 30 mg) Volume of cono. HF odded olmlj Total velums o 9 ml

l?
oo, Iratied totad iy iest Py soravity tos % Hp (Vi)

@ =3 & W B W @ e

aobivi oy, in tho esperwdta, %md a8
e opR 3
193092 193540 B4
201816 204660 i1
91080 91255 M1
50540 91765 Fil
91744 91912 N4l
| 83392 954020 K3
131772 132971 Hi1
132060 146632 H1
U 132404 | 132361 1
30® 129104 | 132525 w1

T Ghont 100 me/id wromiun won present in fisse exporimento



by

Table 5

OXIDATION STATE AVALYSIS OF NEPTUNIUM IR
'THE FIRST CYGLE FEED

Sampie - &% [Total ¥m,  [Fp(IV, ﬂﬁ(v)‘“”ir"(?X)'i%; lapsed bet
e ey BOE THRT el hei semmting o snioet

1 5.3 1.09 0035 0.6 005 5 wesks
2 4.8 0.98 0035 0.66 Bl 2 deys
3 4.8 0.98 9.35 0.65¢ W1 2 gaye
4 2.2 1.83 0,07 . L.75 H) 3 wocks
5 1.9 1.48 0.0 1.4 U 2 daye
6 3.5 9.96 0.07 boga»f Hi1 2 doys
7 3.5 0.96 0.07 o,gg*"f w1 2 gage
8 1.9 1.74 0.02 1.66  0.06 4 duge
3 3.6 1.00 0,09 089  E 2 gaye
10 3.6 1.00 0,09 0.912 " g 2 daye

‘Ho.1-T feed conditioned with 'ﬁa&'@é

No.8-10 food mot conditfonsd. '

* Wp(V) asssy by usirg hexons :

## Acidity amalyeds date amﬁaa fron the contzol ‘1&33@@%@@@
Plutonium Flant. |




@sﬁﬂa &

E@Hmmmﬁ mm I} vmmim OF THE Imﬂmmon COEFFICIT OF NITRIC &
mfm’ ﬁp(vz‘} &m m(w) .um oaemc PEASE URANIUY CORCERTRATICN

‘Inltial oosncentration of EH@S in &g.fhese = 1 ¥
" Tompersture = 45°C

xphe”  Indtial Equiii‘bmzm concn. Equilibrium fcidity Distribution ccefficient (K,) Ry U(VI) & Np(VI)

:»can@mé g;a 2‘ , of:U, - mg/mi 0 H : '";;i!p(ﬁ} Ké&p(m)
1Bl ig. T Gra. 3. Org,  EWO,  G(VE)  Bp(VI)  Be(0)
8. 0. 1.02 6.8  0.30  wmee 3,60 0.80 —_— A5
;,44,4..:,» iﬁfa?z.a 1,05 0,16  0.15 5.7  2.61 0.54 1.8 5,2
10.6. © 405 . 1.08 0,15 0.2  3.84 . 2.10 0,36 1085 5.8

1084 32,9 €83 133 0.0 0.0 2.08  1.20 0.9 1.73 6.3

 216.8 104.0 985 1.17 0.077 0,066 0.95 0.52 0.087 1.63 6.0

3

&

5 | 162.6 . 66.1 83.8 1.14 0,087 0.076 1.27 0.76 0,12 1.67 6.0
5

7 271.0 162,0 1080 1.18 0.068 0.058 0.62  0.38 0.0T3 1.63 5.4



Table ¥

EQUILIEDYIY DATA AND VARTATION OF THE DISTRIBUTION COZFFICIENT OF HITRIC ACID,
' 6(93), Bp{vi} Asp Ep(IV) WITE ORCANIC PHASE URANIUM CONCERTRATIOH

Initiel conen. of 8.305 in Ao, phaes « 2
Temperoturs = 45°C

Imiglel Equilibriom comen. Fquilitrium Acidity Distribution coefficient (K,) %, 0(vI) %, (V1)
, - an SO

gonm- o0 _or T, gl : . R B
Do M. Ore g, Org.  mENO, U(VI) E{¥I) EHp(1V)

1.95 0e474  0.24 wo— 791 234 e 5e4
208 G375 0.8 10,6  5e64  1.52 1.68 5.7
2.6 0.285 0,13 6.7 3.64 0.89 1.84 do1
2.27 0,185  0.081  2.65 1,42 0.34 1.87 | 4o2

2.34 013  0.059 1.2 6.0 0,17 1.73 401

"_ ‘2‘?};35 < 0.302 0,043 081 0.5 0.33 1.80 545

2,39 0095 .. 0,039 0.80  0.33 0,11 1.82 340




Eﬂﬁ.ﬁ‘ RIATION QE’* THE DISTRIBUTION ‘CORFFICIENT (F NITRIC ACID,
,3 m},;mm Ey(i’!; wiTd QRGARIC EE&EI} URANIUM mcmmmﬂa

Initiel concentration of £0; in dg.phaze = 3
Tampgxature « 43°C.

E@miusﬂm chnisn. Equilibmum Aci:z.ity mmbution cosﬁ'ficient (H Yy Ea o{vz}
o U, mghat - - K Fo(v1

. . - Orge  Ag.  Orge ,mmgw v(m wp(vi}  Xp{Iv)

e 0 298 068 023 == 1099 405 e
3 I 1.8 2% 513 0,56 0.18 15,00 7.52 2.65 2,00
5 e 508 513 3,27 0.4 0.33 83 4o64 1.61 1,82
4 0 275 | 86.6 3 .48 0.26 G075 3.15 1.51 0.53 2.10
5 180 7‘3‘;@" U980 354 0.8 0051 134 0.6 0,25 2.00
6 240 8.0 1020 3059 0.5 0,062 0.80 0.3 0,19 1.66

7 500 185.0 1160 3,60 0,13 0,036 0.63 030 0,16 210




Teble 9

| FQUILIERIVM DATA AND VARXATION OF THE DISTRIBUTION CORFFICIENT OF NITRIC ACID,
o p{vE), Sp(VI) AN Ep{IV) WITE ORGANIC PRASE TRANIUM CORCERTRATICH

Inditiel concemtzation of Hﬁﬂs in 4q.phaze =« 44
Tewperatare « 45°C

",_,E,Tnita.al ' Equnm:ium/concn. I';quilibrzum Adéity Distri’uutiun coefficient (Ky) £, B{7I) Kaﬁz:(‘?.!)
0o, gonens of T T of Uyomg/ml i o ]
4n dq.phase o ESplVI) K 5plI)
fy . fa-  omg. BO, () Es(vD)  Ep(1)

a a21 imee 12,53 6.20 | e 2.0
2 1671 8.38 42 1.9 2.0
4.99 248 1.96 2,0

1.36 Q72 204 1.7

0.64 040 2,00 1.6

0.40 0.29 1.95 1.4

.29 0.26 1.9% 1.1
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o Iable 31
EQUILIBRIVY DATA AND VARTATIOL OF THE DISTRIEBUTICH COEFFICIENT (F HITRIC ACID,

7 g(vr), ¥p{vi) AND Np(IV) WITH ORGANIC PHASE URANIUY CONCENTRATION

Iniii&l couoént-ration of @05 in Ag.phsce = 2H

Tmpemtgxm - 60°C

Equilibriam concn. . Equilibriun Acidity Distritution coeffictent (K,) g, 0(vy) g up(vI)

_of Uy me/ml Y EFp(v2) K Fp(1v)

ase. “lg.  Ore. . Org.  ENO,  ©(VI) HEp(VI)  Bp(IV)

0,445 0,220 ———  5.97 2.76 - 2.16
0.359 - 0.175 7.0 4.1 1.57 1061 2.36
0.288 < 0.135  5.36  2.89 1.18 1.85 2.45
0,188 7 0L0B4" 2,300  1.24 0452 © 1.85 2,38
o 0.2 . 0.062 . 137 0.68 0.9 . .92 2.3¢
8,115 0050 7 0.80 0.45 0.22 1.78 2.05

C.044 0.58 0,53 0,26 1.76 1.65




Tsblo 42 . ..

EMLIBRMm35MTA AND VARTATION/OF THE DISTRIBUTION COEFFICIERT (F KITRIC ACID,
. Hp(VE) . V,J’Hp{IV) “H’."‘H e}mzc mzasu ﬂw'mf concmzmamaﬁ

g ey .Indtial concentration of @03 in Aq.phase » 3M

. Temparature = €0%G.

Bquilibrium concn. Eqmnbrium Acidi ’f;y Dic tribation coeffioient (x,) £,0(V1) X Np(VI)

Spmzneaf. “ of Uy mefl . ® R R
oA Orge . . Mg.  Org.  HNO U(vx) Wp(VI)  Wp(1V)

SO 0.638 022  we= 811 4.84 e 1.68°

250 20.9 3 09 0.52y  0.37 10.76  5.62 3.2 1.91 1.72

3 60 742 57,5 3.22 0,420  0.13 7.5 3049 2.04 2,22 1.71
4 120 32.9 75.5 3.42 0.265 0.077 2.29  1.27 0.61 1.60 1.57
5 160 e 2 eaie |   &'.51! 0,194 0.055 1.36  0.65 0.42 1.76 1.55
6 240 139.7  102.3 3454 0,168  ©0.047 0.73  0.41 0.31 1.7 1.32
7 300 1835  102.3 3,56 0,151  0.042 0.56  0.31 0.28 1.6 1.1




Table 13

IBRIUM DATA ANO VARIATTON OF TEE DISTRIBUTION CORFFICYENT OF NITRIC ACID,
v{v1), Bp{¥¥) AnD Mp(IV) WITH CRGANIC PHASE DRANIUM CONCEERATION

| Initial mnmptratlon of mm, in ig.phase = 4¥
Tagperatare = 60°C

mp+ In:r.tiaz Bquilitwius conen.  Equilibrium Aoldity, Distribation cosffictent {K,) B, 0(vi)  K.Bp(VI)
A v athodh . sgfol ¥ - - EEp(v1) K Bp(Iv)
0.828 0.1 ——- B0  T.02 — 1.2

0,665 0.6 . 1096 . 5.87  4.71 1.87 . .25

0.515  0.32° - 6,87 334 2.96 2.09 1.33

0.315° 00T 2.27 1.36 . 1432 1.96 1.04

| 0.242 0,053 1.5 G358 062 1.98 0.94

7 : 0206 0044 0.79 0,38 - 0.8 2.08 .79

192,06 105.0 3.65 © U0.390  0.081  0.55 0,30 Qe 1.63 0. 75




Tobis 14

VARIATION OF THE MEISTRIBUTION COEFFICLZHNT OF Np(IV) AND Np{VI) WITE TBP CONCENTRATICY

Aqueous phase o 2 HAG, Bluont « Shell eol-T
Exp. [7PBE} CT88)  [opp. @ TRF Distribtution ccefficient of
Ho., ot ¥ E 53 L ]Free Hp{IV) . bp{vI)
Vols 4 M :
Forwapd Reverse Foruard teverse
i 5 J.18% 8.066 0,117 0.300 0.099 1.05 1.2
2 10 0.365  0.138 0.227 0.395 0.375 2.96 2.94
3 15 0.548  0.218 0.333 0.7598 0.775 477 4.86
4 20 0.731 0.294 0.437 1.25 1.23 6.75 6.80
5 25 3,913 0,358 G.555 1.78 1.79 8.97 8.85
6

50 1.096 0.453 0.645 2.25 2.27 19,20 10.30




Tablo 19

CQXIDATION OF Np{IV) IH NITRIC ACID

[#] 1-2 pe/mts [m0;] = 0.28 My Tomperature = 70°C

™me of peaction, min % Wp(1Y) reminad

0 100
5 81

10 69

15 63

25 45

3% 19

45 T

€0 0.5

120 0.

Notss Np(IV) dotermined by exiraction with 0.5 TRA

 from 1.0 ¥ nitric acid modium.



Table 16

EFFECT OF NITROUS 4CID ON 'MiE DISTRIBUTION OF
Bp(IV) IR WITRIC ACID - 307 TRE

[tp] = 3-2 pg/ml; Tnitial equeous [HEO,] o G.029 M

flenotion time = 2 heursy Tine of squilibzetion o 5 min.

Bietribution coefficlent (Kz) obiainsd K, of ¥p(IV) velne

fmﬁ%’;}" after elltwling the renstion O 6.01 i ng as
, procasd ab , .
H Room temp ‘ 45°C anoc holding reductant
. 1,26 1.28 1.07 1.40
Z 1@90 1»»90 1 =?9 2 a(nﬁ
3 - 2.87 2.92 287 2,55

4 4014 4014 4.21 4§20




Table 27

EFFECT OF NITRCUS ACID ON THE DISTRIBUTION OF mp{Iv)
IN WITRIC ACID - 3Cj TBP IN FRESENCE OF URANIUM

Np] = 12 ’xg/mla Initiel agueocus {rmo&,] o 0,029 ¥
Saturation of 30% TEP by urspium ¥ 650

Reaction time = 24 hourss Time of equilibration = & min.

Pistritntion coelficlant (K, T obiaimed Ky of BpRiv)
[_mquj after allcwing the reaction %0 proceed &% 0,01 8 E‘@@ 20
¥ Room terp. 45°C 60°G

- holdingz rednetent

1 0,091 0,079 0,076 0,097
2 0.25 0,29 0.22 0.23
3 0.45 0.45 Gud5 0ed3

4 0.72 Q.75 0.76 074
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EFFRCT OF NITROUS ACID Gﬁ R B"S‘fﬁi’ﬁﬁ”‘m‘ﬁ ez? Hp pmszm
AS pp(V) I RITRIC ACTD - 30% TBF .

i

[36] =23 pafals Tniti equecus [@6,] = 0.029 i

Time of emuilibyation = Smimi v T

931 s B . Rﬂﬁgtﬁ@ﬁithgeg haups -~ - v e e s e

Pt
o

Lt

2 .. 2 - 013

s
4]

”Q?;ﬁ




Tabia 20

EFFECT OF NITHOUS ACID U5 THE TISTRIBUTIGE A% Hpi PRESENT AS Hp(V)
IR mwm Mm 3#:% TEP TN PRESENCE GF muxﬂma

Eﬁp} o M@ gz,g/m%s Ev] = 100 pgfot (initiel Ay gons.)

Reaotion time = & houvss Time of gguilibration = 20 win.

[Emo,” Initial Dstritution oceffioient (¥3) shtainsd efter
33 aauemea il ewine e roaotion o zmmsed as

[eme "2-3 ¢ & Hoom temp. 45°C 60°C

2 0.029 . 0097 0.12 0,17
5 T e e o
4 - 0,02  ©.52 .53 0.90
2 0,072 0,089 9,10 @33

3 0,072 D23 0,32 0.43

I -8

0;@}7% RN {;051 e e @05 . G,,"m

‘Totss Experiuonts vore dowe im the aboonce of ligite




Tablas 21

EFFECT OF AIR-SPARGING ON THE DISTRIBUTIOR OF Fp SrestNt
45 pp(v) IN NITRIC ACTID - 30% THF. .

[Np] w 4= }.\g/mls [H] » 100 mg 1915

Indtled aquecus [ END,] = 0.089 M

EHRG}J o K Ky
2\ . . Q01@5
3 : 0.31

& 0,47




Teble 22

GRIDATION ©OF ma{Iv) BY (V)

teatdal [P(mv)] o 2 me/mly  Iweasi[v(vi]s 0.01 1

"i"iﬁﬁ (34 m%t:iom _ ’ % Pu{IV) remadmad 8t

bouwrs W O, S HHO,

s 98.9 99.2
EE 981 %2

5 5649 99.0
. | 95.8 98.7
5 | 535‘05 98,1
agé - 914 98.4
25 e ‘ 514 ‘ ~ 98.3
" | 90.5 98.2

2. Aftor: ogsnging for the Pu(Iv) valencs affor 22 houra,
uphulum Ao 23ded o give & concentzasien of 100 mg/ud

o808 - Ahe meaction weg, Jurther v:~;£dijlﬁjgg§.gi,)_p




Table 23

ce-s*man 1Y OF hp{1v) ANp Bx(I\I)

[U] = 50 wmg/mly {FL:(IV)] = 116 ingm}.s

Instial [Np(:w)f! s 12 pg/m

Time of remction % o Iv) remajned ot
hours 2 HNOy 3 W HiO,

2 29 99

4 98 98

6 98 | 9T

22 26 g8

46 . 92 97

Notes Initially Np{V) wee 2dded 4o o mixtiye of U and Fa

and subseqtiently Np(V) was: reduce

adding 0.5 ng/ml ‘af v('w) :&mti‘: ee ‘tifaré mnimaa
The Pu(III) formed was then’ mxidiﬁed to PalIV) by
adding Haﬁﬂg. The- rea',tion,lv:imtj.cq were-i‘oume&v
efter the addition of WaNg,. | ' |

i




Tavie 24

COSTABILITY OF Hp(Iv) AHD Pu{IV)

Exo

o Time of % Np(IV)

fio. Initiel composition reaetion, hra ropalnad
[} =53 oafols  [Pa(IV)] = 60 pafer; 2 99.0
[ﬁp{ﬂﬂ ) 2«3_;ag/m1; ,[,HRQB'_] = 2H. 5 98.6
(. 6 98.5
48 9343
o] = 30 wa/u1s (Pa(m)] = 116 pgfory 2 96.9
2 EEP(IV)] - 5lug/mn {'_mw] - 34, 4 96.9
' 24 | 96.8
54 96.6
. [Eﬁ = 352 ng/Ble Eﬁi(ﬁ’ﬂ 2 mg/mi; 2 96.4
3 Tep(av]) = 135 pe/els [HNOT - 2. 4 92.6
A o e . 8 S 85.9
24 57.7
- [‘iﬂ ® 2% mg/mls [Pufiv)] =1 mg/ml, o | 99.4
4 {xp{ w)j} - 67 isg/&:ﬁ.g Ema,} @ 2.3H, 2 95.3
4 90.4
6 85.8

20 54 .8




Zsble 23

HIPATION OF Hp(Iv) BY m{mv)

(Fe(1v)] = 2.26 mg/m

B, TRA posturs i‘:sz t;gn % ¥p(1v) agiagégq in
No. D.-p(n ¢ oy 25 HND3 3 HNOg
Ps,fl

1 113 50 15 67 4.2
30 93 29.2

2 57 50 15 &5 14.&
30 87 -

3 113 60 15 9746 45,0
30 995 745

4* 113 60 15 1.1 S
z0 24 . amna

# Fx, Bo. 4, Pu wBs oisent.




DISTRIBUTION COEFFICIENT, %éam

&

&, o

o

P ® ©

M HNOg

| 2m HNOg

30 HN@3
G HMNOg

TEMP. 80 ¢

ORGANIC PHASE URANIUM CONCENTRATION, mg/ mi.
FIGURE-2. VARIATION OF THE DISTRIBUTION COEFFICIENT OF Np (1V) WITH
CRGANIC PHASE URANIUM CONCENTRATION.
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» Q | HNO3

- X 20 HNOg

R | s IM KNOg

| 7l o 4 M HNOg
N o , TEMP 45°c

AL,

Sy

G

a:fg

i ol

2
?ﬁj
0

c}“ 25 50 75 100
g . . ORGANIC PHASE URANIUM CONCENTRATIOM , mg / mi.
FIGJREmI VARIATION OF THE DISTRIBUTION COEFFICIENT OF Np {IV) WITH
"7 ORGANIC PHASE URANIUM CONCENTRATION.




| | 2M HNOg
asE o : a  3M4HNOg
+ S i o 4N HNO3

DISTRISUTION COEFFICIENT , Np WL

Lt

188 HNGg

TEMP. - 45

o

’ = 20 75 100 o5

ORGANIC PHASE URANIUM CONCENTRATIOM , mg/ ml.
FIGURE -~ 3 . VARIATION OF THE DISTRIBUTION COEFFICIENT OF Np{Vl) WITH
CRGANIC PHASE URAMNIUM CONCENTRATION.



TRIBUTION COEFFICIENT , Mp I

i

e |IM HNQ o
‘ 2M HNO3
& 3M HNO3
O 4H HNOg

TEMP =50

25 50 75 100
“ORGANIC PHASE URANIUM CONCENTRATION, mg / mi.

PHA@E URARIUNM CONCENTRATION.

I25

FBQU%% 63» VM%?@?EGN OF THE DISTRIBUTION COEFFICIENT OF NplVIi) WiTH ORGANIC



DISTRIBUTION CCEFFICIENT

GO

m ¢ EORWARD EXTRACTION
-~ X REVERSE BEXTRACTION giﬁ\v\
_ /s
d
i
U
me g w::m i 41 e 4 gl

- 10 100

. TBP CONCENTRATION, %, ia Sheli sal T
F16.-5. VARIATION OF DISTRIGUTION COEFFICIENT OF Np(¥L)AND Np(Xd)
WITH TBP CONCENTRATION.
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T r [utvi)] =100 mg/ml

/ s 2% s Pl
[HM%}

s 2-0 WM

[uavyl -
PRESENCE OF LIGHT.

| mg /mi.

20 40 &0 ao
TIME , MINUTES

FIGURE-~ 6. RATE OF REDUCTION OF Np{V} BY UiV}
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[HNo,] =1-owM

& - fuive 35“"3@@%@@"Mﬁ.zimﬂju6"!2ﬁg 2 mi.
B ABSEHNCE OF LIGHT , ROOKM TEMP.
Ei ! I E
1& ‘\m
2 L, 4//\’ / o
ﬁ B Aol or
20
-
Lot i 1 y ] ) 11 Lo 1 L { 1 g X t
Q o 20 30 40

TIME, MINUTES
FIGURE -7 .RATE OF REDUCTION OF No(Vv) BY U({Iv)



NplIEZ)
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KO

x [ucivi]l = 2 mg/mi.
I ?3 = e
| Ix 3 Q5§ ¥
f'm Ll 232 9

) HNO = 1-OM P
3

TS Tuvn] IGOmglml
T PRESENCE OF LIGHT, -
L ROOM TEMP.

et TE

. TIME, MINUTES
F’FGUWF 8 R’ATEZ QF REDUC?EON OF Np (Vl BY Li(l\”
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TIME, MINUTES

FIGURE-9 . RATE OF REDUCTION CF Np (V) BY U(IV).
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L r
B | fuiivy] = 2 mg/ml
: 29 s f 89
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» L 34 s 9
. @/ ~ [Hnog] <i-om
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‘80
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PRESENCE OF LIGHT , TEMP. »80°¢C

o3& 29
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%
bl
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o | 20 30
- TIME, MINUTES

" FIGURE-I0.RATE OF REDUCTION OF Np(V} BY U(V),
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100

Lutvidl =100 mgsmt
PRESENCE OF LIGHMT , ROOM TEMP.

KIS N SUA SO ML Y 1 L i 2 L 1 ) L 2 2 1

1o i 20 30 80
TIME, MINUTES

FIGURE-12. RATE OF REDUCTION OF Np (V) BY U{1V)




T futiv)] - 2mg/ml
iT 89 a | %9
i 99 a8
pixry 5 a2 %

[HN%] °20M

futvid)l  ~100mg /mi.
PRESENCE OF wIGHT , TEMP.a 45°0

] 3 3 ] 2 A 5

10 20 30 40

| TIAE, MINUTES
FIGURE-13.RATE OF REDUCTION OF Np (V) BY U (IV)




20

&0

30

I {Ui!‘ﬂ] e 2 mg/mi

i 2% i =

it 99 eS w0

prni Y] o (32 3
[Hwo,] <2-0m
[wvid] <«100mg/mi.

' PRESENCE OF LIGHT , TEMP. = 60°C

,“;:,“i‘ _[1 i L ' ' ' 1 1 1y [ .3 2 ' . ] (] H 3 (] 3
{0 20 30 <0
TIME , MINUTES

 FIGURE~14. RATE OF REDUCTION OF Np (V) BY U(IV)
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20

80

T [wav} s1-0 mgsmi.
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e o ﬁwm%g ©9-0 M

4 [wtvi] = 100 mg /et
30

ROOK TEMP., ABSENGE OF LIGHT.

j, 1 ] i £, | ] 1 1 ] ) ] /] 5 ] ) f I

10 20 30
TIME ,MINUTES

FIGURE-1S. RATE OF REDUCTION OF Npl(¥T) BY U{IZ)
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I REDUCTION OF Np(V) IN PRESENCE GF LIGMTYT
m e 2 9y » ABSENCE 115 s>
T 55 so Np(VI} »» PRESENCE » %
o e veo ¥y  ABSENCE 2 2
fuvn] ~ 190 mgrmt.
Fuivi] = 0.2 »
{HN@EJ s 10 M
! [np} 0 pug/mi.
o )} ] ] ) 1 ] |3 ) 1 3 1 [] ] i [y ] 1 ] ] ] ]
S0 100 IS0 200

TIME , MINUTES

FIGURE~-!7. RATE OF REDUCTION OF Np(VI1) AND Np(¥V) TO Npliv) BY U(IV).




% OF Np ACTIVITY IN THE ORGANIC PHASE

30

20

1o

e

]

T [utiv)] =1 mgsmi
i ve a{}-5 5
e or a2 o0

[reog] = 1-0m

- INITIAL [Np(VI)] IN THE TBP PHASE < 6 ug/ ml.
- e fuwvn] e o e v cg2mg/ml.
- ABSENCE OF LIGHT
“ W I
- /
x S LI 8ol ) 1 : % 2 ) D 3
1o 20 4 30

| TIME OF EQUILIBRATION , MINUTE

FIGURE~18. STRIPPING OF Np (Vi) FROM TBP USING U(iV)
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FIGURE=19. STRIPPING OF Np (Vi) FROM TEP USING U(IV)



