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ABSTRACT

Trileurylamine (TIA) 15 considnred ss useful solvent
for the final purificetion of plutomium ené neptunium. Ag TLA
ig oonpldersd as an alicrnate pomeible extractant for the finsl
purification of plutonium end neptunium at Tarspur Reprocessing
Plant under construction, it wes oonsidered necessaxy to study
ths optimum conditions for the extraotion of meptunium using TLA,

Experiments were carried out on the extraotion of Np(IV)
in*o 20% TIA in Solvesso-100. The depemdence of the extraotion ef
%p(IV) on (2) nitrio ecid ooncentration from i-8¥, (b) neptunium
concentratlon from 1-25 wug/ml (o) urenium concentration ransing
fron 0 = 300 mg/ml, has been studied. The extraction of Np(1V)
from 3M nitric acid using varying ooncentration of TLA was
gtudied emd the log-log plet of distribution coeffleient va Tid
concentration wes found to be a stralght line with slope 2. The
effoot of diluent on the extraction of Np(IV) into T1A was also
studied.

The stripping of neptunium from the TIA phase was found
quite satisfactory with a mixture of 1.5M sulphuric mcid and
0,54 nitric acid, 1M formic or acetic acid and 0.5M perchloric
aclde
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1. INTRODUCTION

Long-chain high molecular woight amines found s wide epplicetion im
muolear process chemistry for the meleotive extrootion of motsl iems, rurification
or fortile cud fiselle matorials from irradiated fuels and isolation of trenge
plutanium elemsnts. Amine extrasiion of moids amd of metal ion complozec was
first raported by Smith and Page in 1948(1)0 In 1957, Sheppe.rﬂ(a) domenstratod
the high extrection power of a tortiary emine for Np(IV) and Pu(IV) nitrates.
?'Jilm(ﬁ ) extended Sheppard’'s study and his wozk arcused widempresd intorest
in plutoninm(l\’) nitrate extractlion with tertiary emines, especially trilemryl-
anino.

Trilenrylomine (TI4) is considered es useful solvemt for the finmal
purification of plutonium end meptuniume. The chief advantages of using TLA ag
en oxtractent are (i) high selectivity in extracting neptunium and plutoniuva
from' nitrio acid msdium over & large renge of amciditics (11) high extraoting
powor at lowog soidities as comparod o most other aminae““s) (11i) adequate
deconteminetion from impurities (iv) favourable chemical end paysical propertios:
gsuch as high 'bé:lling end froosing pointa, low density, low aolubility in wotem
end good resistanse te acid end radiastion (v) eveilebility in reletively puro

form in Rapge quantities.

“Tusl Reprocensing Iivision



Because of ite remarkable properties, trilaurylamine was used
ad on extractant for the final purificatiom of 1’ilu*l;onium in the reprocssg-

(7 (s) -

and et Cap de la Hagus‘ ’. Chempion and
Chesna'(g) reported the extraction of Np(IV) by TLA in n-dodecans from

ing plante at Marcoule
nltric acid and the stripping by sulphuric eocid =~ nitrlc acids Recently
Bathellier and c'oworkers(w) -desoribed e counter-current process for the
co-extraction of neptunium and plutoﬁ:lum by 20% TLA in dodsoanse -from the
wagtes of the irradiated fuel processing plants. They else studied the
gseparation of neptunium and plutonium by selective extreotion of

neptunivm into TM(“ ).

2. FRESENT WORK

As TIA ip oonsidered es en alternate possible extrastant i‘orb
the final purificetion of plutonium end neptuniuvm at Tarapur Reprocessing
Plant under conmstruction, it waé therefore congider.ed necessary to study
‘the eptimum cpnditions for the extraction of neptunium using mo From &

(12)

literature survey oa the extruction properties of TLA o 1t wes found
thet aromatic solvents exe by far the most suiteble dilusnta for the
amiﬁé compma to aliphatio solvents bocause of the higher soiubilities
_of amine salte ancl the metal complex in. 'bhe i‘ormer ao‘lvents. In ﬁhe

-present study, ISQJ,\:rqug-ﬁOO wa;‘: k“'sed as 'hhe d:lluent a8 thia :lu likely to

be used at Tarapur Plant. This repurt descriues the following aspecta |
of the Np(IV) - TI4. extraction \,syg;l';_e;gs,g -
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to Bffect of the TIA goncentration
2. Bffeot of nitrio aocid on the TLA extraction of Rp(IV)

30 Bffest of ussniun(VI) concentration on the
extractian of Np(IV) vy TLA

& Effoot of diluent
5a Stripping of ne%tunium(lv) from TLA phase by compleoxzing
egents such as (1) sulphurle acid end nitrio ccid

mixture (2) formis acid (3) mcetic acid and (4) psrchlorie
aold

3. EXPERIMENTAL

3.1, Materials

Neptunium-237 wac obtained from Ok Ridge National Laborateory, USA
in the form of Hpoz vhiok wan puriﬁeé“‘?’) o (14) o Feptuniom=-239 was coparatod
gech time from irradieted metursl uranivm by TPA exiraction. TIA ebtainod
fzen K & K Laberatoricns Inc., USA was used without further rurification as i%
£ aufﬁciently high puriﬁy“s) o Solvesso=100 was supplisd

was found to b
by “Esso Standa;d Company", Holland. Stook solution of ureniuvm(VI) nitrate wae
pxopared by dissolving mue? v pure ursnium oxlde im A.Re nitric acid and the
uzanivum content vwas estimsiod volumetriaallyuﬁ) and spectrephoﬁmatﬂaally(ﬁ)e
Tae aeidity of tho uranyl solution was determincd after complezing wraniun

_ﬁiﬁh oémla%( 18)0 411 the other chemicale and roagents wsed wore of A-R grade
'emept forveus sulphemats whieh vas propavsd from commorsial grade chemiesls

by tho nothod desoribod by Pachanaal'?,

3.2, Procedure . 3
 Hoptunium-237 wao purifiod from 4t deughter melide “I°Pa by TPA
eﬂtzﬁtiaﬁ of the labter from TM nitzio eeid sclution. Hoptunium=239 wao cdded
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to 1t in order to faéilita.te the estimation of naptiniun by geums ray oounting.
Ferrous sulphamate ( 0.1 ¥ ) wag used as a holding:“raﬂuct;emt to kesp meptuniuvs
aa Kp(IV). In a1l the experimenta the 257}{9 coneontzation was kept ab ehous 2=3

M8 ver mle 20% ™A in Solvesse=100 (v/v) was used inm 21l the exporimontae

3.3, Extraction Experiments

A esuitable aliquot of fhe Ap(Iv) tracor was sdded to & 5 ml of
sgquacus phase containing the desired concontration of nitrio soid and 0.1 M
ferrous sulphamato. .fn cqusl volume of 207 TLA in 80lvenso=100 pre-equilibrated
with nitrio mcid of the yeguired congentration was added end was then shsken for
10 minutes using a Vortex m:lxer. It wag centrimgea and aliquots from both the

rheges were counted in a nll—typa maI(T1) v -so:l.ntillation aounter,

3.4, Strig'g ing Experiments
HoptuniueiIV) was extracted into 207 TLA in Solvaesc=100 froa 2 B
nitrio acid solutiene 2 ml of the organic phase wag .contectod with 2 =l of the
aguecue phese conteining the stripping egent of knowa eoncontration emd 0,01 I

ferrous sulphame.te (!‘n " was - addad»to ensure %he totravalenoy of neptuniun
during utr.lpping andr

was found to ba

lo\f ::ota ion ‘for 6ne hour linma this tise

a.t invnttaining ih& equlibr;um. Aiiquots from both “tho

4,1, Extra.eﬁon

Pralinina:y azpazimen-ha ghowad that the ox:l.da.tion atate of maptumum
ald not ch&nge fiom. HD(IV) é\u:ing ita oxteaotion mw 1A ‘vhen olthor 0401 or

k!
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0.1 & forrous sulphemate was used ae holding reduwotent. This was checked

by testing the cxidation state of neptunivm im tho aquocus phace before and
oftor the extrastion by TILA using TT4 oxtzaction mothed. It was rocently
zeportaa(15) that the extraction of Pu(IV) into TLA was olow and the equilibriun
was abtolned only after 10 minutos although 1% wae ohaem;l by Rolandi ot al
that tiae ¢quilibrium was attained in shout a mimte(ao)o It was therefore
oonsidered desirable to verify this. Tho kimetios of exiraotion of Np(IV)

weo followed in 3 H nitrio meid tho reculito of which schowed that the equilibrium
was attained in 1-2 mimutes. However, the egquilibrotion was carriocd out for

10 minutes in all the extraction experimentse. The distribution ocefficlomt
value obtained by taking Kp(IV) activity in either pheso wae found to be tho
seme indiecating the reve :ibility of the system. The diotribution ecofficiond
of Mp(IV) was elso found to bs independont of the neptumivn conccmtration inm
‘tho Tango 1-25 /ug/ml chowing ¢het only mononucloar @pzeics axs iavolved im

the system.

4,2, Effoct of TLA Concentration

The extroction of Np(IV) fron 3 U mitwic acld with vexying concondro~
tion of Tm wan studled. The logclng plet of the dloteibution cooffielont
verém PLA eonéentmtion vos found o be o stzaight livs vith = clepe of
2 (Fg. 1). Stavonson end Paige(aﬂ suggooted tho oxbraotion of moptumiun by
TIA {akes place prosumably #w sho forustien of on nddust nocording te
otustden (1)

of wEI0y 7 » m0), > (RE)m(), L seeee (1)

$his pay elge ke placo cocording to omadien (2).
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[ wp(FO, )6 i 2[3 BH HO J = (nﬁlm) Hp(ﬁ 5)g + aao, ses (2)

Both these mechanisms suggest thet the distribution oceﬁ'ioient of Hp(lv)
varies with the mecond power of TIA comesntration as found ecxperiventelly.

4.3, Effect of Nitric Aéid Concentration

Apart from some zesults obtained for plutenium by celeman(ﬁa)g Van
cee123) ant Komar ot a1¢24), no quantitetive data aro availsblo om the extrao-
tion of the actinides, particularly noptunium for the syoten TlA-30lvomso=100
HNO;-HEO. ‘The vasletion of the dlstribution eoitﬁo:laﬁt of Np(IV) with the
nitrio scid ooncentration is show in Fig. 2. The vaiues for Pu(IV) for the
sane system taken from literatum(zn are elso plotted fer cemparlnon. A broad
maximuk sround 4M HNO; ‘'was obmerved for both neptunium and plutonitwme However,
values for Pu(IV) are higher then for 8p{IV) by a factor of 4~5 at all the
aciditiess. - Thie agrees with the trend of the resmlis obteined by Kedar et &‘25)
gar Tp(I¥) avad PulIV) with TOA in zylene. The deoscasc of extractobility ot
the higher acid comcentration may be attributed to tho formstion of the higher
aomplex or uncherged gomplex motal solds of the type Jeﬂp(ﬁo )go Tho dcerense
ni.sht :t laast paftlyﬁ:be_ alao due to tha daoreaac of nitrai;e icne at bhighew

oonuontra.tion o‘, it __‘c‘ noi.d or dua to tho oonpot:lng ei‘feut of the nitrie aeia

mnnnl; in tha orga.nic r-haﬂﬂc "
4, 4 Effect;of Uramurn Concentra.tmn

An tha !eed aolutian fox tho final ﬁuxdﬂcatim of nePtunium in the
Purex meus .‘m likaly to contain aome uzanium(VI) (apprcmimately of tha exdox
of 3 g/.l.), it was eonsidazed necauaary to atuﬂy tha e2foot of U(Vﬂ @m@@mm%m'
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on the dietribution scefficient of Np(IV). The dlstribution ocefficlent of

- §p(1IV) was determined s o function of U(VI) oomcentraticn (0=300 g/1)s Tho
date given in Teble 1 show thet the distribution cosfficlent of Np(IV;
decreases with increasing U(VI) concentration. Thie trend is similar to thet
observaed im tho extreotion of E(IV) with diffexent amines(26°27)a The
distribution cosfficiont of U(VI) in 20% TLA in Solvesso~100 from 2 Y mitzic
acid was reported to ba about '1(23 ). The extracted urenivm decreazsocs the
congentration of frao TLA‘avai-lable for the extraction of meptunium which
resultas the decresss of Np(IV) dlstribution ccsfficient with inoreesing

uranium concentration as observed.

4.5, _Effect of Diluent

1% is known that the diluents have pronounmosd offoct on the extrac-
tion of elenssnte(ae)_e The varistion of the disgribution ccefficieat with tho
diluent was sttributed by Tauwbe'2?) to the chenge in the ailuent polarity.
The éistribution coefficient dsta for Np(IV) obtained by using d4ifferent

~-Giluents for TIA are cummarised im Teble 2 and arc compaved with similer
literature data for §p(IV) end Pu(IV), It cen bo ceen thet Giluents have
;pronmmeed offcot on the extraciicn of both meptunivm and plutoniuv:m ag

axpactod (Figo 3)e

4,6, Stripping
Since the distibution coofficient of Np(IV) into TLA 4a feirly
high even fion diluto nitrlo mcid solution the stripping of meptunium fEom
TIA ghago by reducimg the namueous nitzic acid concentration is nct practicoblo.
Tnerafore complexzing agonts woro used to study the foesibility of using thooo



8=
(30)

of 1.5 sulphuric acid and 0.0TM nitrio acid for stripping the plutonium inte

reagents to strip neptunium from TLA, Chesne® et al recommended & mixtuxre

the agueous phade from TLA phase. Souke.(-”") raporfad the possibility of using
fornlo ao0id as a stripping agent for plutonium mereae Goloman (52)
Haafmox(”) proposed acetic aold for the sams pau'posea Exporimsnto ware
carried out ueing all these stripping sgents as wsll .as perchlorie meid emd
the renulia‘ aro oummariged in Tebles 3 and 4o It can bo seem froz these dste
that all the reagents styip Kp(IV) from T4 slmost guentitetivelye The
offactive stripping of Hp(IV) by perchleric coid may bs dus te the high
extractability of C10,” ion into TIA becsuse of its poor hydretion. Acetic
and formio acids probably bahave as bidentate ligsnds and form complexes with

¥p(IV) which =y be only estionic end are mot extracted by TLA,
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Table - 1

EFFECT OF URANIUM(VI} CONCENTRATION ON THE EXTRACTION
Or Np(IV) BY 20% TLA IN SOLVESSO-100 FROM 2 M NITRIC ACID

VL) (wg/m2) O 5 10 1 30 50 400 150 200 250 300
Motsibation

oosffiolent of 84:2 67¢9 57¢4 4660 33.7 2.6 Tod 509 403 3.5 2.7
fp(IV)

Table - 2

EFFECT OF DILUENT ON THE EXTRACTION OF Np(IV) BY TLA
CONCENTRATION OF TLA - 20% (v/o)

@ = Referemeo 15
= 90 23
+ = oe 24
= e 11 34



Table -3

STRIPPING OF Np(IV) FROM TLA PI-LASE BY SULPH‘U‘RIC ACID
AND NITRIC ACID MIXTURE

Aquooun phese o Sulphurie asid 4ni‘€'.ﬁe asdd with
qu ’ 0,07 i Forpous Sulphemato

Organie phase = 2066 TIA 4n Selveseo=900 with Fp(ZV)

30 o M HEO,, M Moteitution eeafﬁaﬂ.em
4 ‘ 3 of lIV,

0.2 1.8 6:6

005 1.5 a.17'

0.8 _ 1.2 0.36

1.0 1.0 | 0418

1.3 0.5 ' 0.014

2.0 0 0.005




Tabls - 4

STRIPPING OF Np(IV) FROM TLA PHASE BY FORMIC,
ACETIC AND PERCHLORIC ACIDS

&43ueous phase = DPermlo, cootis cnd porchloric aside
with Q.01 ¥ forrous sulphasato

Ozgenio phese < 203 TIA in Solvosso-100 with Np(IV)

Dencentration . Distribution aoofficicmt of mp(IV)
of the aoid, M
Foxpdo asid Aocotie ceid Porchlorie acid
002 - - 0.0125
0e5 - - 0.0032
1.0 0,00252 | 000594 0000125
15 . - - 000063
2.6 . 0.00227 0,005 000030
3,0 0600187 0,00464 .
400 0,00215 0.00395 -

5.0 0,00242 0.00423 =
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FIGURE=-2. VARIATION OF 4 OF Npliv) AND Pullv) BY 20% FLA
: IN SOLYVESSO-100 WITH NITRIC ACID CONCENTRATION.
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