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ABSTRACT

The oxidation state analysis of nepiunium 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 molution.
Batch extraction data for Np(IV) epi Fp(VI) into 30% TEP/Shell Sol T
at different aqueous nitric anid concentretion and urenium saturation
of the organic phase were cobiained 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.
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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 ie used in oompact power sourses. Kilogram quamti-
tien o£ !i'p—237 m baimg produeeﬁ in powe“ roactors thus meking itse 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 : mmd 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 impreved by cperating some sectioms of the purex process at elewteca
tempemtures( ). In oxder o Qetsruine the effuvet of higher temgamtums _
on neptunium extruution into TEP, batch extyaction date fer Np! (IV ) ami

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

a function of the organio phese 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.

To adjust the ondat *on a’oat'e of p‘ .ztm-siumi ten Pu(ﬂ') ni‘%:t‘mm mid'

:Ls added to the feed sulﬂtion of %.he 'pum k ‘m E,

H ce i'.h" ‘

nitrous acid on the nept.mium ex*t"act:.on bg THE was &t‘budieei and is reported

in Seotion 5

in the pvamitianiw aolumn, themiem, depends -:m. ’ma *a-te cf " ‘

Np(vx) and mp(v) tu Np(ﬂ’), Aby.‘U(""V'),

T‘heae reaotiom wesa imamiga*-ad e

R
—‘\
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" the results are glven in Swd%;ion .
To divery neptunium 4o the deaired stresm in the purex process a
' olose suntyol of it owidetion state is neseasary, Some redox reactions

ﬁhm: ane helpfal in eghisving this objestive were investizeied and the vesults
gre desoribed in Seotion 7.

éu QKWIQE’ STATE AVALYSIS OF NEPTONIUM YN THE PUREX PROCESS FEED SOLUTICH

OF THE PLUTCHIVY PLANT AT TROMBAY :
in the pPlvtonium Plant a.i 'Et»nmbayg “he extracticn of neptunivm was

..fmmﬁ %o be hizher ia the ‘o-aaconuaminatmn (£irst) oyele than thet in the
- partiticning (Moomi) sycle thr mgh tho conditiops of sxtyaction weve similar
111 both the c'm‘leaf ).. E;ur'bzmium can be present se Hp{IV), BEn(V} or Hp(VI)

' ﬂm '&'he pUTex pzeaeas feaé aalutien; Ko (IV) and Ap(V1) axe extractrble by TBE
whereas mp{w@ is mm ‘Since the éxtradticr was higher in the first oyole it
vas 'hht‘mgh't that the megm.ium migh“s be present in the feed of thet eyele

maﬁxﬂy 28 ‘&w sﬁmﬁt&hle m@;fﬂ) or a‘p(ﬂ’ Turhem and Balrd Inferre )

“'@m my*ma&m in maiply nm.;sn*’ Bs i@(ﬂ 3 in the primeyy feed solu.ion while

1ah‘ mnarﬁw(ﬁ ‘&Jaai; it e:r,..a: s pre&omj.mn tly as Rp(l?) in i

" ©)

, mat :1;,@’;?;"& ted wnden these conditions
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Np{1V) 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 difji'e_xent oxidation states.
Fence by & suiiable combination of the TTA extraction, hexone extraction émi
LaF5 precipitation it weg possible ‘¢ 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 oandztianing 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‘



l

mr{.‘ni%i;ﬁa

“ b

he sgueous phaso. The extras¢ed neptunium was subdequently stripped into
8M nitric avid. In thio stripping process sirconium and protactinium vhich
aro extractable by TTA remain in the orgenic phase. The extraction-stripping
process wmg repeated twice to ged good deconbamination of the neptunium from
Plutonium and fission pm&usta(ﬂa The percentage yield of noptunium in this
pméeas was estimated by tegging noptunium with a known quentity of 259ﬂp,

The Hp(ﬁj present in the sample wao estimafed by adjusting & kmown
aliquot of the sample to 1M in mnitric ecid and then extrasting the Wp(IV)
with Q.54 TTA. The extracted nepbtunium wes purified from plutonium and

g;s,_’cim‘kad}rlby the TIA extraction method ag desoribed above. lanthanum

~ fluorids presipitation was carvied on a known aliquot of the sample amd the

r.ptuniun carried (Np(IV) and Np(¥)) with laF, was purified and estimated by
t&ze,,'i“l’A extragtion method. The difference in the values of the neptunium

contpnt obtained with direct TTA extraction method, i.0., ¥p(IV) and that

.c%migd by_ Lal?‘i.’, i.ee ¥Np(IV) + Np(V) wae taken as the amount of Fp(V) present

in the sasple. The difference between the totel neptunium content, i.e.

v} -%»31‘5;3(‘51; exd, that. miﬂd by La%g . Wp(IV) + Bp(V) vas

e‘mi andfneaxly sa*mma-&;e@ w:s:m lﬁ 43505.,

2
wta:meu Gn ﬁ’l . :nxmatmn 8% "té analysis of neptunium in

veb.cy ."te' ave s‘nmm in Table 5, It is seen from

{hess e ium- 9 pred in y'as W5(V) 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 a8 nitrate (9) . The absence of Fp(VI) 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 dissolvwing irradieted neptunium doped- urenium oxide ip nitric ecid 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
it was reported that rneptunium e*:itiated’r.nainly as Np{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 TEP extxacticn eould’ be aue to differen coﬁe’en%;‘fa{iaﬁ%

& ':s;" knmm to afi‘eet E

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

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

egreenent with 'i'.hose reparted b‘.v "1ana1w and Pax%:erw) and b Bahf(w)




aceclerating material. It was reported (12) that the products of the reaction
of uraniwm earbide (which 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 wp(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 b0 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‘-:, ’nche'ﬁ temprma:ﬂcs mmder conditions relevant to the process.

ecus Aitrie aesid cc*:cx.nmaman and

‘m
O

h .f“__eqerrz: ‘or::’i""'le effect of
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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 concenitzation. The emmilibdeniions 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 o¥ §0°C.are given in Tables 10-13.
The plots of the distribution codffisisnte of ¥p(IV) ve czgepie phese visnium |
concentration at difforent nitr:le aoid comentra'tiom a’" 45*3 &nﬁ. 5@"’@ axe
chown in Figures % end 2 respe::tiveix. Si&ﬂm u&a’m *Fem Eg@“') m :15“@ and
. 60°C exe ehown in Figures 3 and 4 raﬂpectivﬂya R T

5.2.1  The sffect of te@smm on n 8 “ﬁﬁﬁiiﬁﬁﬁ’iﬁj o onokituentag

From the data abi:amaﬁ :’m %he prae

extraction of Hp{Vi) is: higher ﬁa&n i&m{s ot o (17} 8t all
uranton and nitrie esid st the. temyemhms studieﬂ. %.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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Bzgapt from 1M '\itric aold with low uranium concentration, the distribution
cosfficdent of Mp(IV), incwessed with #he ingrezse of temperature frum 45° to
60°C end the 1@1&1‘. ive inerease in the distritution coeffieient was erhanoed

b;sr ’c&\e preaence of uranjum. This effect ie similar to thet observed in the
ocage of Pa{IV) extmction(m) and 1o duo to the decrease in uranivm distri-
Mtian coofficient with inoreasing temperature which makes more free TEP
available for the extxaction of Fp(IV) at higher temperature. The distribution
ccefficients of both U(VI) ond Np(ﬁ) degreased with the incvease of %emperature
from 45°C 0 60°C end the decrease beoomes smaller with inereasing concentra-
'tion oi' umnium in the organic phase. The behavieur ig pinilaxr Yo that
abae:wed in i‘he sxtraction of Pu(ﬁ)ﬂé) and U(Vl)us‘) The 1istribution
P‘?&@iﬂiem q_i‘\mi‘kric acld seems %2 be almost unaffec‘ted by increesing the
ﬁéeaépegﬁt@e up%éé@”@ .g The' prosept absemtians on the effect of tewperature

_ an t&m irenﬁ 2 e di&%ﬁmﬁm coefficlents are in genexs) agreemsat with

%}aoﬁ%e ""epm"%d in the literature for HNO (16) ﬁ(m)('i 523 ) Ep(n.)(is, and
%(ﬂ)(‘sgg‘i1 ic;;%)

3@2&2 'ﬁm w4 Nepduisun Radioss ;Bze‘ Fasio of the diotrilition.coafficient

af ’ﬂ{‘ﬂ) m hat of Tp(VI) for e same sonsentration of wrenium in the organis

ga‘éa %vm ﬁ‘um@ ‘%@ Temsin sppropimately constant. Ab rmeom te@emm for 24 H

Jaseeitutie cereffiaiems ef F(ﬁ) wﬂez ain_ila: mfc_itmnau




The conparison of

the distribution coofficient data for Np(IV) and Fp(VI) chows 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
CONCENTRATION
The dintritution cosfficient of both Fp(IV) amd Wp{¥I) vaxy mmﬂy
with the aquarye of the TEP amaxmat;an(a“ « Bowevex, thin relation 10 true
enly for very low eoncentmtian of THP, ¥Foxr hig‘nex- TBP omantmtiens tha o
distritution coeffiolent s mpar%ed ’an w.ry 11:169.&13' to a c’(egma nmiﬂambw

lower than equare of the THP 4aomentrutiun i‘er 'iI(VI)( 5) &s mll afe fer o

Pn(n)(ZS). Tt was, therefore, considered intaresting %.a atuay tae ﬁep anae
of the aistribution coefficient of Np(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.

4 @ér onal

holding reéuobsnt for Np(m) ad 0.,01 # R‘ecz'ao waa useei aa -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
Bp(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
oosofficlent 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 coﬁ&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.




aigu

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 &g in the prasence of & known amount of
uraniem 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- 2t the pequired
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 solution for 15 mimtes &nﬂ t’n@n the selutions aexe kepis fax 2» hell

before equilibrating with 50 TEP, M the end of the equili’bmtiun o mm,a_{ =
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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 identioel comditions,
et room temperature vere obtained and imoluded in these Tables for comparison.
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 evefficient 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 BN
| 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-

aate 'i:.hw p&mi‘bﬂﬂ aapez'imxata wers aloo done in the absence of light by

' ﬁ.li'bmtian tmbea with blrok paper and the data obtained axre

'pﬁ@aemt@& im a.a.mg 20, It io soep from these data thet the extrastion of
mrgmiﬁm, ma@g@es with inoressing mitric scld comcentration and Semperature

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 data 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
eoid solutiom mey be reprosented by the 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)

The meparation of plutonium from wreniws 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
(3740

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 conditiomns.

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 te a selutien having
known uranium and nitrie scid concentrations and an aliquot of U{IV) was then
added to it te givo the desired concentzation of U(IV), A&fter allewing 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 nitrie ecld end
extracting the Np(IV) formed by 0.5 M TTA, 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 smounte 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
uranium in the orgenic phase) anmd this wes equilibrated for & desized lemgth
of time with an aquecus phase of the desired concentration of U{IV) and nitrie
seid. At the end of the eguilibrotion sultsbles aliguots fyon both rhases ware

vemoved for gamms counting.

6.2 Results and observations

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 ond 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
940 snd ‘Shous dn Fipures 1114 show thet higher the nitric ocid comeens

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 Bhay hza?%r e{3v) ¢ sncenbration ctuges fastsy veiumetien of WplV) 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 NplI¥).
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 Np(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
equilibzated with 30% THP conteining Np (v:t) end U(ﬂ It 1z likely thed

Hp(VI) which night have aluost instantamausly mﬁueaa %o Nn(V) m:igh‘i: hwe
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 ozgonle phaso soncliuding themby ‘tmt the ahsema ai' ﬁ’{?x}
rotardad the further raﬁuctic‘m of Rs-p("?') to Np(w) ‘ '
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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 i prescnt ee Hp(VI) ia

1% ic known 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.

7.4 Bep

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

’ li‘ttle H,0 2‘ 0 o plutonium solution in 6¥ nitric acid and then destroying
the sxcess H,0, , by heatinge Tanadiun(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(V)
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;~:‘:¢ ,. '*ie i [‘n‘b ﬁn the shsencs of 1ight and” in & i‘ew casess’ in the prescnos of

Smi%&bls aliquots fxom the ‘re%“&iem*mmum voze withdrawm at

";'“.mimm s ssitoreats, and ofter ed jusbing the- se1dity to W in attrio a0ld
‘A”l;‘kiﬁ} W axﬁm@t@d ﬁﬁ.o 005 L Thb. The plutoniun vhich wme 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) was oxidised by V(V) end tuet the presence
of uranjun 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) vy nitrous acid produced yadiolytically hich will also Teduce mo8b
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 neptuniuve 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 for

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 ©0. 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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&5 seen fmﬁz *ma dato presented in sestiom 5.2 Hp{IV) io not affested uy mitrone
waei& undey these aonditiens. Toe stsbility of tho Hp(IV) nd Fu(IV) misture
aguimt oxidatlcaemﬁuctiun neeéeﬂ investigetion., Tho redox potentisl of the
?a(m)/?\!(ﬂ) somple in ¥ acid solution 15 - 0.92 V("gn)ﬁ that of the Hp(IV)/
Ep{?) ccuple iz = 0.74 V(sﬂ F.?fﬁ these potemtisl valuee, it io seen that the

oxicls*icn of Bp(-?v’) %0 #p(¥) by PulIV) 1s thermodyramically poseibie. Tho zate

ef this ezid..t'! ign, wnder the puyex process econdlbioms et room tompereture wme
astudied.

T.2.1 Es ‘ezimszz‘;a 1 A stotk solubion of Fp{I¥) wes propared as deseribed in

égﬁﬁgm_ﬁ.hz.&;zdj_.a stock solution of Pa{IV) wee prepared as desoribed in

- eeotion Telpls szgi'&a.blé aliguois of Fp{IV) and PulIV) weze pipetted imto &
-golubion oontaindng known copgenbrations of wraniom and nitric acid. The

- ezperimenta weme corried cub in the absence of light. Aliguots of this miztuze

_wexe, withdravn, at diffevent &ime fnterwels, inte ill nitrie acid end the

aﬁidaticn giate of meptunium w28 determined ¥y exbracticn with G.5 ETFA, The

r:e@tunim ?&liﬂh wag nob extrastad by ‘E‘E& ms taken ee the amunt of FplV) fozmsd.

1@ amatim aue to ?@(I%')

g Eggg;%m Tﬁ@ ﬁ@aﬁ%bi&i%y af’ Eg{ﬁ‘) aﬁa %{ﬁ} ;in e 5@'@:&@%&5 mm%wﬁ
"aigiiﬁr 0 ‘bhe @mﬂe%eé 'ﬂ‘aaa aolﬁ%m in %e @mm EBEFK" plmt w2 a%m’iiaa




To xegover any neptunjum which follows plutonium dnfing the ywﬁiﬁi@a&m
step, which can happen 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
it 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 ocextracted 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) by 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 the mmalﬁa axra mpum@s; hw@a

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

same 26 that d@aori"bed :in aelﬁﬂim 7.2 fha‘b mnimn :m a‘baen‘i; m %&z@

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 2
tia;ta that Hp(T‘F) can be ox idiaad e.lmaat qmtimﬁivelyg
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pusification eyole in the Tayapur Plent assuning 50 end 1005 of the total
aephamian followa the pletonlvm strean during tio perbitioning o%ep. The
feed tesks of %ho plutenium purification oyole in 4he Torapur Fleat cxe
provided with heating jackets and the hold-up ¢imo in these tarks i ezposted
%0 be 3540 wimutss. It s, thersfors, possible te cxidize Hp{IV) in tais
faod to Np(V) in this poriod of tdme. A1l the neptunium prosemt as Hp(V)
w41l thon follow the equeous reffinete from vhich neptunive com be rosovered
oither by coumbining 1% with the xaffimate from uzanjun purification oycle exud
using anicn exchange progesy ¢ by backoyeling 1% ¢o the prooess for the
ageumiletion of nepinmium.

B CONSLUSIONS

¥i 1o Sess fron ihe date presented in this report thate
3} usptunium exiots minly sz Tip{V) in tho feed of tho codecontzmimstion
. ca‘,freia of the gmz process. &8 Bp(VI) 4o the 1669 sztzeotable oxidation ctabe
of 'mﬁamﬁm_ ues of m@w eaid or varadiun(V) %o causs ths oxidation of
o ﬁ%‘%&miﬁm %o %WI) would be mocoseary to echieve tho meaimum soextrmstion of
oS ndum 35 he e : proCEss

vaat 2y highios i@ﬁ%}'@ﬁ%@wg ﬁ?te'én% i% is poesible %o socxirach
”ma gmaem; ﬂm tho feod either as Ep(VZ) or- Ra‘p(ﬂ) by &

hofoe .of ﬁaa m-z;sm mi& and ueenien conventrations.

Sedus ﬁmiﬁ heg,paa ﬁz %&s sx@x@.@tim @f mpmzum, ea-aaciaily at high
54d. @m*mﬁ%%%ﬁmg by TP even 4f it was eraginﬂ 1y present as (7)o
: &n&'ﬁm bx‘mﬁa ascid’; naa 7o effect on the oxidation oteto of

svmm;c prme&s emﬁ.uimsa
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tv) Urenima{IV) reduced ¥p{VI) almost instentemecusly to Hp(V) snd et fuzihes
redvetion o Kp{IV) is slow. Thua the use of U(IV) as the pertitioniny agent
would cauze diversion of & mjor fieotion of neptundum to the yintemimﬁ%m&&'
if ¢the nsptunium in the Jeaded omganic stvean entering the mumm aniumm
wms precent as Fp(Vi).

¥) the use of redox resstions involving V'(¥), Fp(I¥) end PuliV) snd tempersiuve

gives varicus aliemmatives $0 forco neptumium to the desived stweam,
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Fabla 1§

COPRECIPITATION OF Bp{IV) OB wg

o) =12 peeds [iw0] =98 (U] o 200 /ety [pe*8] «0.00%

Total 18 = 10 mgy Velums of oone. BF odded « 9 @l Total voluse o § ul

Bx. Tpdtlal totsl S9Bp  Pimel S7NHp activity loft inm & upl{I0) cerried
os gotivity, omm the aupernads, OF® oa m&
1 52267 990 981

2 52510 676 989




fahlg 2

SUPREMRPITATION & ¥p{V) cH Lely

(] =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) oW 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 OF  pyma) #Pp catavity tege % Bp (V)
Ho. e " in the supsrrets o8yriod
ng added, o ’ ga 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%

Note: Np{V) was prepared by cwidising Np in 1 K HNO, =ith

to Np(V) with mmog-‘;



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

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

.Ammm of 58 o 310 mgs Volumo of cono. FP edded almly Totnl volums o 9 m

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
801816 204680 Ril
91088 91355 Hi1
50540 91705 Fil
91744 91912 W41
| 83392 94020 K3
131772 132371 Hi1
242060 146632 41
e 131404 ‘ 139561 B3
30® 129104 | 132525 w1

T Sont 100 ne/fil wromiun won predent in fese exporimeuto
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Table 5

OXIDATION STATE AVALYSIS OF NEPTUNIUM IR
'THE FIRST CYGLE FEED

Sampie - &% [Totel Ng,  p(Iv)) fﬁp(v)}[_ﬂp(?x) ~Hime elapaad between
No. {Egai' ;xg/mlmg pefol pe/nl jxsa*[mij esnpling ond enalysis

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 Eﬁ@s in &g.fhese = 1 ¥
" Tompersture = 45°C

phe’ Initlal Equiii‘bmzm concn. Equilibrium fcidity Distribution ccefficient (K,) X, 0(vi) & np(VI)
_cofer of U of:Ty mg-;’mi " 'js'{’;ﬂ T E 53(59)

;:: mme TR e “ig. Crg. HWO,  O(VL)  Bp(vi)  Egp(i0)

o . Q ‘. ‘ : B : 1,()2 0\13.9 Gum it 3060 0580 s &.5
;.ea,@za.,»__.l» 4.3222.& . 1.05 0.16  0.15 5.1  2.61 .54 1.8 5.2
10,6 40:5 . 1.08 0,13 0.2  3.84 . 2.10 0.36 1083 5.8

3 : .

. 103.4 32,9 €643 13 040  0.09 2.08  1.20  0.19 1.73 6.3
5 | 16206 - 66.2 83.8 1.34 0,087  0.076 1.27 0.75 0.12 1.67 6.0
5  216.8 104.0 98.5 1.17 0.077 0.066 0.95  0.52 0.087 163 6.0
7 2710 162,0 1080 1.18 0,068 0.058 0.62  0.38 0.073 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 PHASS URANIUM COWCERTRATIOH

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

. Bepbe Tmtlel Bquilibriom concn. Fquilitwium fcidity Distribution ccefficient (K,) x,ulvI) %, (V1)
.. Ho. commm. o2 ¥ of U, mg/mi H £ 5l m
o Amfgepmsy TR Orge | g Org. @O, U(VI) #g(vI) Ep(Tv) ¢ ¢
" mg/al § | 3

1.95 0edT4  0e28 w791 2.34 e 3o

2.08 0.373 ©.18 10.6 5064 1.52 1.66 5.7

216 0.285 0,13 6.7 3.64 0.89 1.8 401

2.27 0,183 0.081  2.65 1,42 0.34 1.87 402

2.34 0,135 0,059 1.21 G.70 0.27 1.73 4.1

5235, 0,02 0,043 081 045 0.3 .80 35

2.39 0.033 . 0.033 0.0  0.33 0,11 1.682 5.0




49D VARIATION W THE DISTRIBUTION ‘CORFFICIENT (F NITRIC ACID,
,»3 {ﬂ}.,‘;mm 39(1’3; Wity QRGARIC EE&EI} URANIUM mcmmmﬂsa

Initiel concentration of £0; in dg.phaze = 3

Cavuy . ae . Tem;zﬁs}g%mraq@s@ci
E@miusﬂm chnisn. Equilibmum Aci:z.ity mmbution cosﬁ'ficient (H Yy Ea o{vz}
o U, mghat - - K Fo(v1

S, . - Orge  Ag.  Orge _mmgw v(vz) mp(vi}  Ep{Iv)

ST 0 298 068 023 —— 1099 4.05 —
3 I 1@5 Ut 3.3 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;4;»@" U980 354 0.8 0051 134 0.7 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
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o Table 11
EQUILIBRIUM DATA AND VARTATIOL OF THE DISTRIBUTION COEFFICIERT F BITRIC ACID,

7 g(vz), Hp{VvI) AND Kp{IV) WITH ORGANIC FHASE URANIUY CONCENTRATION

Iniﬁ&l conoéntration of 2{305 in Ag.phsee = 2H

Temperature = 60°C

JCUE SN SRR
BRI .

. Expt o Imitiel  Eguilibrism comon. . Equilibriun Acidity Distribaution coofficient (x,) g, 0(vy) g up(vI)

: Ha : _of Uy mg/ml H ESp(VI) K Wp(1V)

A, Ore. g Ocg.  EOp  WVI)  mp(VI)  HplIV)

' 0ud45 0220 = 5.97 2.76 - 2.16
0359 0,175 T.08 441 1.87 1061 2,36
2,13 0.288 035 5.36  2.89 1.18 1.65 2.45

0.084’( ~2-3°— 1-24 ﬁ-EE ) 1-35 2-}8

L 137 0.68 0.22 . 1.72 2.34
0.0 0.45 0.22 1.78 2.05
058 0.33 0,20 1.76 1.65




Tﬁblﬁ "»‘Eﬁ‘m R

Ip(yL)-.

. Temperatuze = 609C.

PATA AND VARTATION/OF THE DISTRIBUTION COEFFICIENT (F NITRIC ACID,
A0 Np{IV) WITH ORGANIC PRASE URANTUM CONCENTRATION

deen T Ty . Tpdtial eoncentrstion of H¥0; in Aq.phase = 3

E@uiizéééﬁm conn- ‘EQuiliﬁrium Aoid ty Distribation cdeffietent (x,) £,0(v1) X Np(VI)
¥ of Uy ,ggg[ml‘ M - 7 R (T
oo da. Omg. i, Ome.  mIO,  U(VI)  E(VI)  Ee(T) O

L 2492 0,638 0,22 wem=  8.11 4484 —— 1.68°
309 05y 047 10.76 Sz h2] 1.91 1.72
3.22 0,420 0.13  ToT5  3.49 2.04 2,22 1.71
4 120 32.9 7505 3.42 0.265  0.077 2.29  1.27 0.61 1.80 1.57
5 160 86 . gale ‘ 0.194 0,055 1.36  0.65 0.42 1.78 1.55
6 240 139.7  102.3 3.54 0,168  0.047 0.73  0.41 0.31 1.78 1.32
7 300 183.5  102.3 3,56 0,151  0.042 0.56 0.3 0.28 1.61 .11




¢l o fo°t 0 0%°0 §6°0  Tio°e  06L°0. . S9°F .o.«m% . 0°261
6o 80°2 gro - BG0 6L VTG 90270 B

76°0 86°1 w0 g0 ST oo ehero

6°1 961 Zr'E - 91t iz*z  ilo*o- 6i5%0

¢t 60°2 56°2 14381 Lé'9 - Zr*0.  615°0

LT - ey 8§ - g96c0r - sl'o §93°0

Ak SR e w0l IAL:] —— g*0  828°0

(ndn (s (1 fom  *9% by 835 W eosed beui

EEMM Eﬁmw " | I R T R T
{TA)ENR" {180 "X (%) MSIOTFISC0 TOTITAIIERL ¢ £y Totoy TNIIQETINGE | uowoo wnpagyhynbm 0 TORITMI  cda g

Lo

‘9409 = sTMIAATC],
b = omud-by uf SOuF JO HOTBIIUIOUO TUTITUZ

HOLIVELEZORO0) MOINVYN TEVEd JIAVOM HIIa (AT)IR @ (1a)dm °(Is)A
“CTIo7 OTELIN 40 INAIOTAAECO HOILAGTULSIC 3EL 20 HOLIVINVA OHV VIVQ ROTHEIILONE

i e



0%°01 01°0L Lz°2 G2° 2 599°0 Te¥°0 960°1 0%

9
9. o] L6g 6L°1 gl°t §65°0 g5€°0 £16°0 £2 S
08°9 6L°9 €2 1 Gz 1 LEve0 véee0 16L°0 02 7
g8y PR gLio 86L°0 £6€°0 5120 M )4 114 14
¥6°C g6°2 &leeo G660 lzz°o Bil*0  S9€°0 ot Z
w 601 6560°0 001’0 Lit e 990°0 £91°0 § T

aslane @kﬂﬁb,m esxaasy plesnicd " , [ ; o
{Ia)dy © (a1} sexg ¢ ,. i B4
3o 3USIO1J3 800 UOTa TG 1 6Tq 23] [0 a®i] agpy [@er} o

I~108 TI84g = WONIIY fom = © oswyd Gnoswby

EOIIVEIIENGD d¥D EIIR (IA)N Qv (A7)EN 40 LRTOTENE00 ROTLOSTUISTT EHL 50 NOLLVINTA

ﬁ.iaan!.ﬁn
¥i 8Id9d




Tabls 14

QXIDATION OF Np{IV) IH NITRIC ACID

[5p) o 1-2 pa/urs [mi0,] = 0.28 ¥; Temperature o 70°C

Time of reaction, min % p(1¥) remeinnd

0 100
5 81

10 62

15 63

25 45

3% 19

45 T

€0 0.5

120 0.

Notes Hp{IV) dotormined by exiraction with 0.5 TTA

- from 1.0 ¥ nitric acid medium,



Table 16

EFFECT OF NITROUS ACID OH 'THE DISTRIBUTION OF
Bp{Iv) IN WITRIC ACID - 307 TRE

(fp] = 1-2 }ngfla Initial aqueouws [HEO,} < G.029 M

feaction time = 2 howrs; Tine of esquilibzation « 5§ min.

Diotribution coefficlent (Kz) obiainsd K, of ¥p(IV) using

f{,mmgj" after elltwling the renstion ©O 0.0% o ng as
: procasd ab , .
¥ Room bemp ‘ 45°C anoc holéing reductant
& 1.26 1.28 1.07 1.40
g 1@96 1.390 1 =79 e u(.-&
5 - 2.87 292 287 2,95

4 4014 4014 4.21 420




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 egquilibration = & min.

Piastribation coeificlant (K, T obiaimed E’fd of Bpaiv)
[.HN@EJ after allcwing the reaction %9 proceed 8% 0,01 8 %‘@'2 20
¥ Room terp. 45°C  60°C  polding redmetant
1 0.091 0.079 0.076 0.097
2 0.25 0,22 0,22 0.23
3 - 0.45 0.45 Ge45 - .43

4 0.72 Q.75 0.76 074




Tobhio 18

EAFRCT OF HITR(US ACTD 08 Hp{IV) (MIDATICH
(8] = 45 pe/oils Inttiel aqueovs [MR0,] = 0.029

Brootion time » 24 hours

. o BplIV) romined
7 ‘ . In ubosnos of s In provense of
B npamlan uranian
)3 99.4 9.2
8 97 o 87.6
5 6.9 27.6
4 8506 ARy

3

Botes Bpliv) datermimed W TPA mirastion.

- # Inisial Aq ¥ cono. of 940 mg/mk for ¥ and obeut 100 mg/al
© L for P-4 nite=le soid.



’_J pblo ;2

EFFEGT OF NITROUS ACID Gﬁ THE nvsmmm e}? zqgs pmszm
AS (V) I¥ BITRIC ACID - 307% TBP .

i

Eﬁpj 2=3 ;lgj‘a}.Q i’m'ﬁﬂl agu@@ﬁa [:Iﬁ?ﬂg:i @ Gaﬂﬁg M

Time of egilibration « Smlms 0

31 s B ‘ Rﬁégtieﬁ"*tiﬂﬂag ROUPE -~ - o R e e e

Pt
o

005 % |

L ET

2 .2 5,901

s
4]

9.3




Tabia 20

EFFECT OF HITHOUS ACID ON THE TISTRIBUTIGE °F Npi PREBENT 45 Wp(V)
IR mwm Mm 3% 'l‘BP m FRESHICE OF muxﬂma

Eﬁp} - 5a»10 gz,g/m%s Ev] » 100 g/t (initisl Ay goms.)

Roaotion time o 2 houvss Time of gguilibration = 20 win.

[Emo,” Initiel Distribution coafficient (H3) shtainsd efter
33 gguecun’  Slleowing the ronctlon to progeed 8%

Room tenp. 45°¢C 60°G

2 0,029 . 0,097 oz 0,17
3 e oo o
4 o 0,02 0.5 0,53 0.90
2 0,072 0,089 9,10 @33

3 0,072 D23 0,32 0.43

BN

0;@}7% RN {;051 e e @05 e 0.70

Totsr Beperiuonto wore dore in the absence of ligits




Tabls 21

EFFECT OF AIR-SPARGING ON THE DISTRIDUITON OF Fp PHESEM
48 NolVv) IN NITRIC 40ID - 304 AD.

[%0] = 48 }Je/mls (o] = 100 ngfads

Indtied aquecus [ @ND,] = 0.089 M

tmm}j o K Ky
2\ . . Q01@5
3 . 0.31

& 0.47




Table 20

OLIDATION OF PalIv) BT ¥(¥)

tratsar [oa{t)] o 2 mgfely  Indeaer{v(v)]m 0.01

Pims of reaction, _ % Pa{IV) veroivned 8t
howrs W N0, M HEO

KT R 989 992
1033 98.1 98.9
3 9609 99.0
4 .‘ 95.8 9847
5 95.5 98.1
gz# ) 91 98.4
25 4 98,3
28 : 90,5 9642

#: Aftee ageaping for the Pu(IV) valencs after 22 hours,
ypavium was-added. to give & concentzation of 100 mg/md

yeos nd - dhe meagtion weg. Jurdher follswede o .




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 58 98

6 98 | 9T

22 26 g8

46 . 92 97

Notes Initially Np{V) wee 2dded 4o o mixtire of U and Fu

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




Tavlie 24

COSTABILITY OF wp(Iv) AND Pu(IV)

Exo o Time of % Np(IV)
Hoo Initiel composition reaction, hrs repalned
‘ Eﬂi 33 mgfuly  [Pa(IV)] = 60 pa/nly 2 99.0
(hp(v]] = 23 pefals ,!;mms‘] - 2H, 5 96.6
i 6 98.5
48 93.3
_' [U] o 50 mg/ol; E?u(w)j = 116 pg/nl; 2 96.9
2 Eﬂp(zv)] =5 ,ua/mn @w] > 3H. 4 96.9
: 24 | 96.8
54 96.6
: Eﬁﬁ o 352 ng/els [:Fm(f?ﬂ 2 mg/mi; 2 96.4
<R [p(av)] e 335 pefels [HNO,] = 2. 4 92.6
R o : L 8 B 85.9
24 57.7
N ':Eﬂ o 2@4 mg/mls [Pu(zv)] « 1 me/al; o 994
-4 [,":p{ w)] @ &7 ;sg/ﬁig [mw@.,jﬁ 2.3, 2 95.3
4 90.4
6 85 .8

20 54.8




Table 23

HIDATION OF Np{Iv) BY Ma{Iv)

(Pe(1v)] = 2.26 mg/ul

TInitial Time of % Hp(1¥) cxidised in
Ex. Tomparsaturs !
o reaction rar-oeps e
No. D:p(n ¢ oy 2 M0y 3H HRO3
Ps,fl
1 113 50 15 67 14,2
30 93 9.2
2 57 50 15 6% 14.6
30 87 a8
3 113 €0 15 97.6 45,0
30 995 745
4% 113 60 15 1.1 S—
z0 254 o e

# Er, Hp. 4, Pu was obsent.




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

e | & IM KNO3

| 7 o 4 M HNO3
N o , TEMP 45°c

AL,

Sy

4

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
" ORGANIC PHASE URANIUM CONCENTRATION.




| | x  2M HNOg
asE : a  3MHKOg
- oo . ;v ‘ . ng3

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.



DISTRIBUTION COEFFICIENT , Np TX

1M HNOo
2M HiOg
3M HNOz
484 HINOZ

TEMP = 60"

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

PHA;‘%E URAMIUM CONCENTRATION.

I25

FBQU%E 63» VAF%E&?EGN OF THE DISTRIBUTION COEFFICIENT OF Np{VIi}) WITH CRGANIC



CISTRIBUTION CCEFFICIENT

1GO
: ] EQRWARD EYTRACTION
- { REVERSE BUTRACTION Mp(iﬁ:/)/
_ /
/ /
o //%gmg
A
Gé;& L émsai Lo gl
B ) 100

TEP CONCENTRATION , %, @b Shell sal T

F16.~ 5. VARIATION OF DISTRIGUTION COEFFICIENT OF Np{¥L)AND Np (I
. WITH TBP CONCENTRATION.
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FIGURE-9 . RATE OF REDUCTION CF Np (V) BY U(IV).
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FIGURE~I} . RATE OF REDUCTION OF Np{V) BY U(1Vv).
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FIGURE-12. RATE OF REDUCTION OF Np (V) BY U{1V)
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 FIGURE~14. RATE OF REDUCTION OF Np (V) BY U(IV)
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T REDUCTION OF Np{V) IN PRESENCE QF LIGHT
71 A SIS » ABSENCE -
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FIGURE~!'7. RATE OF REDUCTION OF Np(VI1) AND Np(¥) TO Npliv) BY W(IV),
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