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ABSTRACT

Verioue aspects of the synmergistic extraction and separation of actinides
snd lanthanides from mixed aqueous-organic solutions (poler medis) hsve been
revieusd, MNotsble recent developments as well as its current status in
solvent extraction system.s uhers the aguspus acidic phasze contains an
organic solvent which is completely miscible with watar, are presented
briefly. In genecel, extraction increaees‘i_n the presence of an organic
component. The leéss polar the additive, the highar is the ten'-ngy to form
nautral metsl complexea which ultimstely brings sbout an increase in ths
axtraction. In ® polar medis, synsrgism has aostly been observed, though
sntagonism is not uncommon. An attempt hse been made to clessify the factors
that play an important role in poler phase extrasctions. Also, thaix; influence
perticularly on the extractability of actinides and lanthanides is discussed.
The discussion is limited to the factore affecting the extraction squilibrie,
effect of dislectric constent of the poler medium, sclvastion of the extracting

sgent and to the compoeitidn and stebility of the metal complex in the orgsnic
phase.

Hydroxyl (OH") beering orgenic sdditivss, c.g. ®lcohols and solvents
not cantaining the hydroxyl group such se scetons, dimethylsulphoxids,
tetrahydrofuran, amides snd &cetonitriles stc. sre the two major classes of
organié additivas considered in thees studies, Generally, synergistic effect
in extraction of the ion-sssociation (TBP, TOPO, sulphxoides etc.) or anion
axchange (smines etc.) typs ie rsletively mors pronounced compared to other
sxtractions. A tebulsr summary concerning extréction of sctinidea and

lenthanides from polsr maedia is appended for resdy refersnce,



SOME ASPECTS OF SYNERGISTIC EXTRACTION OF ACTINIDES
AND LANTHANIDES FROM MIXED AQUEOUS-ORGANIC MEDIA

by
J. P, Shukla and M. S. Subramanian

1 INTRODUCTION

fixed equescus-—orgenic medis have attracted much sttention only
regently in solvent extrsction of syst#ha that contein in the squecus
phese, an organic solvent completely miecible with water. Since the
omount of water coextrected with the metal selt sffecte its distribution,
the partial replecement of* weter by an organic comporent will therefors
affect its extraction behsviour. It ie nportod“'?) that the extrection
of some metal salte fe infliuenced to different extents which mey help
in useful intsrseparstions. Such mixed wedie have been for & long time
in geraral uss in ion-xehat;m studise and upontum("n). never-
thelege their spplicetion in extractions Les been infrequent. However,
ssversl potentiel spplioations of euch eystems in chemical end redio~
chemical seperatione have besn suggested. For exsmple, esperstien of
"silver snd mercury and slec silver snd eslenium, which previcuely
u-;-d not Pessible from purs mimersl scid solutions wes made poseible
from mixed .ldil( 13). Furthermors, such synergic effect is certsinly
valusble from anslytical point of view, since it is one of the feotors
affecting extrsction and hence incrssess the rengs end choice eof ‘
extraction conditions. Although the incresse of soidity er s#lting out



agent's concentrstion may aleo significently sffect extr: ction end
separation, use of organic sdditives mey be mors ccnvanient and/or
suitable for meény reesons. Thue the spplicetion of highly ecidic
solutions is gererally unfevoursble and thet of sslting out sgents
sometimes incorwenient since it ie difficult to eliminate them from
the 1quous phese., 0Orgsnic sol'ants e.9. scstons, e)cohols stc.
on the other hand, can sesily be diatilled off., Alternstively
extragtion dets in mixed medis ars slso sasentisl for combined ion

exchengs, extrection ssparetion procedurse in such wedie,

A complsts undsrstending of the rcle of orgsnic additives
ie otill open to ariticied. At present, 1littls informstion ie
~available on the sffect on metel extrsction by the addition of e
polar solvent to ® non-poler one. Oesspite this, their studies
neverthalsss are useful svsn 'fron the practicel point of view.
Addition of slcohol significently improves the separation of
urenium, thorium end protactinium on sxtraction by tu-n-octylui.m(“).
Likewisa, the pressnce of sthenal or acetons reduces the number of
stagos required Por separation and purer products ars obtained.
furthacmaore, oil or gel formetion at the intsrface is prevented
by ' creasing the differsnce betwesn polarities of the two r’ vses}
sither by sdding * liquid lses polar than watsr (eg. scetone) to the
aqueoue phose or by using mors polar solvents se the diluent for

the extractantt15),

Recently an sttempt has baen made to review the prae.n. -dey

atate of the extraction chemist 7 of inorganic substances from



sguecus-orgenio nd.ta“s). The chemistry of such synergic systems
involving actinides as well ss lenthsnides ie, howaver, spsrse snd

s ;attered too. Table 1 givoe ® summary of polar pheas sxtrections
of thess slemente by diffarent extractants. The sim of this srticle
le te review briefly the progress made in the field of extractive
asperstios of these slemants from poler phases end list out the

underlying principles irwolved in such systems.

11 ORGANIC ADOITIVES

Phyeical properties

Some relevent physicel charectsristice of the orgenic
sdditives thet heve been frequently uployid for polsr phsse
extrection studiss ere susmsrized in Tsble 2. An sssentiel
requirement for mich organic eolvents is that they should ke ecluble
in water in a1l proportions. Roughly, they fall into two cetegorisss
(1) hydroxyl (OH ) bssring organic sdditives, (.. slcohols),

(31) solvents not contsining the hydroxyl group (scetons, OMSO,

THF, CH.CN, dioxens, amides, pyridine).

Mutual eclubility snd swelling of the orgsnic phess

Detailed sccount of mutusl solubility of the vetiocue components
se wsll ag the swelling of the orgenic phese ssem to have not been
reported except {n one instence’'). At concentrations of stcohol

of sbout 30£ and lese in polsr phass, the chenge in volumes of



phesss hes been found to be of the sems order as in ths case cf

purs agueous mineral scid solutions. At higher slcohol concentrations
the swelling of the orgenic phass bocomes noticseble with long chain
slcohols {propenol end butanol). In other words, swelling incresses
with increasing chain length end dielactric constsnt of the alcohol.
Swelling slso incresses with the psrcentegs of slcohol added. It
depands further on the netu . of ths extrectent as well ss the dieluent
smployed too., Somstimes only one phase ie formed when the concentration
of slcohol is incresssd sbove & certein limit. The concentretion of
alcoholshove which ons phess is formed decre®ses with incresss in chain

length of the slgahol.

Relative parmitivity of equilibrium orgsnic phases

Studies on relstive permitivity of equilibrium organic phases
heve besn reported only -in tha cese of alcohole used in poler phnu
oxtueuom(a). Gwing to pertiel miscibility of & wesk polarargenic
phese and 8 polsr mouo-lle;honc.phlu s certein smount of alochol
is trensfarred into the orgenic phesss. In vies of higher permitivity
of sicohole (I:NSM 31.5, Czﬂ OH 24.3, Csﬂ.’ﬂl 20,1, 2-I:3"7Gl 18.3,
o1} ot 25° (ses ref. 31) changes in the relative permitivity of the
orgenic phsse may be expected. Hela st 01(3) studised the depandence
of the relstive permitivity of the equilibriue berzens phsse on the
initisl glcohol concentration, and found it increased with the total
slcohol conuentration following the order 3 CH OH <czusnu < 2CH, <
H:SH.,N sven though the relstive permitivity of slcohols decresses
in this seriee. It ie causad by the sequence of solubility of

alcohols in the equilibrium orgenic phase.



111 POLAR PHASE EXTRACTION OF ACTINIDES

Thorium

Extraction of thorium from 3.9 M HNO, medium with 0.3 N TLA
has been investigated in the preaencs of elcocholic additives for
improved extractabnity(ﬂ. Valuee of E for Th in SP% ethenol and
10€ isopropanol were 10 and 2.5 respsctively while thet from purs
scid medium it was 0.35. Ffurthermore, sspsration of thorium from
selenium, silver, cobalt and zinc in the presence of 10 isopropanol
was found to be much mors effactive than from pure aqueous eolutions,

Most important being the eepsration of iren from thorium which wee

only possible on the addition of 10% isppropsnole

Alian and othoro( 14) recommended the usa of 8lcoholic and
‘scetonic solutions for the separstion of thorium=234 (UX,) from
uranium(V1) by extraction with trioctylemine from 4.8 M HCl medium.
Meximum yield of about .98% could bs masily schisved from mixed
8quecus orgsnic medis. Another mto.uorthy Pusture of this sethod

234

ie that the losded axtractant can be ussd ss & cow for Th whersby

the latter can be miled intermittsntly.

Schmid snd xnmdhr(") exsminad the influence of ssthanol snd
ethenol introduced to the aguesous nitric scid.phese on the ﬁtrletlon
of Th(IV) with Aliquat-336 snd TLR, Noticesble chenge 19 the
extraction coefficient of thorium was explained by the shift of the
equilibrium of the metal nitrate complexes and by the enhenced

sxtraction of scid too.



Haggey et .1(18) found 8 marked enhencement on the extraction
of Th with 8 liquid cetion exchanger solvent, HOEHP, by the addition
of slcohols snd acetone. Synergic.snhancesent obtsined from halide

snd sulphste madia wes of the order of about 100,

A distribution study wee cerried out on the extraction bsheviour
of Th(Iv) end other elements ueing 5% TOPO in xylens from mixed lolnnt.“g)o
Extrectebility of Th from 3.6 M HCl polsr medium followsJ the trend g

methsnol > ethanol » ieopropsnol °» scetons.

Extraction snd ssparstion of Th(IV) from slcoholic #nd scetunic
solutions of HCL and HyS0, with HDEHP hes been suggested(4), y_mh
ssperstion cen be schiesved ﬁy successive extraction from 11 M HC1 or
4.5 M HC1 ll.n presence of 50f ethenol., Addition of isopropsnol to the
equsous scidic phsse hes besn recosmended to schisve Ce(I1I)=Th(IV)
esparstion. This study gsve no definite conclusions sbout the conpooiﬂon
of the extractsble complex which may be dus to the formation of mixed
complexee hsving different compoeitions depending upon the fonic etrength

of the squsous soluticne.
Protectinium

Work on protsctinium extraction is psrticulerly interssting
becsuse of its production in resctors using thorium snd sleo becsuse of
its compliceted squeous chemistry, Thus protsctinium exists in the
form of verious hydroxo rsthsr thsn simple metsllic or oxo complexes

(20,21)

in HC1l snd HNO solutions Alisn ot .1(1) reported the

extraction of Pe from HCl se well as tmns medis with Srileurylemine,



tributyl phosphats end isobutyl methyl ketome in the pressnce of
water-miecible alcohoj.a and scetone. Thess additives were found

to increass considerably tha extrsction of P8 with all the extrsctants.
Howavar, the influence was relatively leee in the case of TTA, In
mixtures of an acid with vazious alcohols, the influence dependsd on
the alcohol concentration, the scidity and on the cheain len gth

end dislectric constant of the slcohol introduced in the extrsction
eystam, Fig.1 shows tha results of verying amounte of alcohole

snd acstone on the velus of £ for protactinium extraction from 2.9 M
HCl by 0.3 M TLA in xylens.

Alisn end couorkaro(“) further sxtendsd the use of trioctylsmine

3

in the polsr phess extraction of 2 oe (sz) from ursnyl eslt in ~ S N

HCl medium and devieed a repid method for the continuous milking of

szt. As ® solvent, 8 10 TOA in benzens wee employed. Ths ssparation

of zmpo in @ pure state, 2s developsd for & poler medium, is velusbls

for desd time, dieintegration snd helf iife msssurements,
Urenium

Alian and couorc;::u( 14) hava .-tte-pt.d the synergistic sxtrection
of mecro smounts of ureriium by successiva batch extrection with 19%
TOA in benzere from partislly nunsquesous medis, Ursnium extrsction
considersbly incresssd in the presence of organic ligquics such ss
slcohols, scotome etc. This erhancemsnt hes been sttributed to the
decresse of hydration in prassnce of thess liquids which ¢ svour
the formetion of the negatively chargsd sxtractebls ursnyl chloride
complexss. The deta on uranium extraction in plesence of sthencl
and ncotmn';ﬁou-d that the U partition ntiol}; 50. The sffect of



elcohols and acatone clearly incresssd with the decrsess of

diaslectric constant of tha organic additive.

Shabeana and Hafez(z)invuts.got.d the effact of weter-miscible
slcohols and acetons on the extraction of U(VI) eith 30£ TeP in
kerosens from 1.1 M HCl as well ss C.,5 M HN03 solutinne, Their
results showad that its extraction from both scide incressed with
the increase of scotone concentration snd the decresss of alcohol
concantration. Tha affaect of eadditives in nitric acid cese wes
generslly more pronounced that in the cese of Hil. Acetons g‘vi
the most useful effact. Thus in 1.1 M HCl, £ for ursnium incressed
from 0.85 to~5 and, in 0.5 M HNOS it incresssd from 3 to 6,

Rt low additive concentretion, the dehydration effect dus to the
progsence of additives should lead to #n incresss in the metsl
extrection. With the incresss of the sdditive concenirstions, ths
extraction of acid incresess (Tsble 3) leading to & drop in metsl
axtraction, #s in the csse of isopropencl. 'Houcvsr. the ef'fect

of alcohols decressed in the order ¢ maethsnol L ethenol £ isopropenol
which is persllel to their dislectric constants (Teble 2). On the
othar hand, U{VI) extrsction consideratly incresssd with incresssing
ascetone concentrstion in the polarphase . Log~-log plote of £ va TBP
concentration gave alopss of nesrly 2 in both epids thersby suggesting
thet the nature of species 1s not influenced by the pressnce of
additives. Uranyl chlorids as well ss ursnyl nitrete ore oxtractiad
by TBP ss the neutral solvatas U0,Cl,.2 TEP and UO,(NGy)ye2 féF

rupect!.vuly( 32,33 ).
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Shabana and Ruf(zz) explored the effect of some organic componsnts,

viz.methanol, dioxane, and acetons on the extractsbility of ursnium(VI)
with Aliquat-336. Here, thes distribution coefficient of U(VI) was markedly
affected by replacemsnt of water with thess substences and the
extractability varied in the order s nthcnol{dioxom &_ sostome

similer to that observed in extraction of plutonium. -Extrection

behsviour of ursnium(VI) from pure nitric scid eclutions wee in line

to thet Prom pertislly non aquecus solutions. Higher € veluse being

sbout 4 times more than from pure scid solutions, were cbteined by
introducing the orgenic solvents particulsrly st low nitric acid
concentrations. Lineer relationship Pound between E and extractent

concentration at 4 M HND, solutlon in shesnce or prasence of 508

3
orgenic additivea in ths peler phess, was sttributed to the -xisfomn
of the singly cherged anion, / uoz(Nosi)s_? " Moreover, the presence
of the orginic solvents used is presumed to have no offect on the
sxtraction machanism but ml} on the megnitude of the mtraction
coefficient. The stripping of hexsvelsnt ursnium from losded argenic
phass was sccompiished without any problem by successive weshings with
diluts nitric acid solutions (less then 0.4 M Hnos). Application of
5% TOPO in xylene has slso bessn racommsnded in its polar pheee

oxtrlction< 19 ) .

Recently, extrection and sepsrstion of U(VI) fro-.c.(nl) or
Th(IV) from differant mixad medis with HOEHP has bun lchl.wod(‘,o
Co(III) could be sliminated from U(VI) st 4.5 M HC1 or H,SO, solutions
o8 well 8s 8% 2,5 M HCL in preserce of 504 sthanol which, however, wee

more plavaible,



Neptunium

Riian end uooci.ntu(zs) sxtended the uee of TLA in the poler
phase extraction of meptunium from unua 89 ¥all as HCl solutions.
Extrsction of nl.pturuun from HNOS medium wes slightly influenced by
slcoholic and acetonic additives, while the offect was considersbls
in cesa of extraction from HCl solutions. For axssple, € for Np(IV)
was 0,1 in purs aguecus 4.2 M HCl and was ﬁutu than 10 in » solution
of 4.2 N HC1 in 40X acetone for extraction into TLA. The presencs of
these components in the ag. phese brougnt sbout en imrﬁu of nitric
acid extrsction. The wffect incressed in the order : sethsnol (athlnol L.
isopropanol £_scetans. The sffect also increesed with the incresse of
the proportior of the orgenic edditive present. This differsrce in
additives sffact could be sxpleinad in view of the results on the
axtraction of the acid iteslif. HNBS, being highly extractsble in the
presencs of edditives, competes with tha metsllic apecise for the
availsble solvent molacules and thus compsnsatess the dehydcation sffect
of additivee which tend tc increses extraction. The latter sffact

predominates in ¢sss of chloride extraction.

Under similsr conditions, the effsct of edditives in TBP extragtion
is generally lower than in the c®se of TLA sxtresction. Log-log plots
of Eve /[ T"“Jorg hevs siopes of sbout 1.6, irrsspsctive of the aluochol
concentration in the 8q. phess. This suggeste that the naturs of
Np(VI) extrsction is not much influsnced by the presence of sligohole.
Np(V) extrection considersbly incresssd with incressing scetons
concentration in ths polar phsss, while alcohole hed only s slight

effact,.
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Shebsna and Ruf(w) performed a distribution study on the
extraction behaviour of Np(IV) from mixed HCl-orgenic medis using
54 TOPO in xylene. Higher extractability of Np(IV) in presence of
S0£ alcohols has been aftributed to the fact that in such solutions
the hydration shell of the metal ion is destroyed and the spucific
interasction of the cation with the extrectart cen become mors pronounced.
At similar orgsnic edditivs contants the sequence of £ far Np(IV) wes
found as acatone -L.o-prﬁpoml > stharol > methsnol which is in
sccordence with their dislsciric conetents. Streight lines with
slopes of about 2 obteinad for Np(IV) in pressnce or sbesnce of
organic sdditives impliad that their pronnéo csuses no chemicel
uffect on the extrection mechanism but only a physical ons which
sffect the megnitude of extrsction coefficisnt. Use of TOA (7.5%)
as wall as HDEHWP (D.75 M) hes slec been reported for the polsr phese
extrsction of Np(IV )(24).. Recently, Sh-bam(zs) sxtended the

spplicetion of & quarternsry sasne (TCMA) for its extrsction.
Plutorium

As on extension of their previous study on plutonium extrsction
from mixed aguscus medis to achisve its eeparation from uroniu‘”)
Shabana snd ﬂuf(s) carried out systemstic astudies on the sxtraction
behaviour of Pu({IV) with Aliquat=336 in xylsne from psrtislly rone
squacus solutione, Dats was obtained for ite extrsction from varioue
nitric #cid concantrstions in the presence of S0X (v/v)' methsnol,
acotone nn& dioxene. Extractsbility increseed fallowing the trend

methanol £ dioxens Z scetone, and the meximum extrsctability ehifted
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towards lowsr scicdity in prosence of orgenic additives. This

was agcribed to the anhancemsnt of acid activity by replscement

of water with orgéenic additives. £ of Pu st 4 M Nm:!3 «os two tiwes
higher in preassncs of acetone 8s compsred with thlt'i.n pure acid
solution. Another similsr study indicsted thet Py(IV) could be
easily ssparated from Am(111) end Cm(I11) with 30% Aliquat-336 in
xylene at intermediate nitric acid concentrstions from slcoholic
and acetonic mixed oolutions(27). furthermore, ths mutusl seperetion
of Am{(111) and Cm(I11) may bs also achisved. Meximum extractsbility
of Pu(Iv) also shifted towsrds lower nitric ecid molerity end it
increased with organic sdditive concentrastion (Fig.3)e Here formic

or acetic ecid served @s etripping sgents.

Extraction behaviour of plﬁtmiu(lv) from nitric ecid
media by two long chain aliphstic uulph&xidn.' namely di-n-hexyl-
sulphoxide (DHSO) and di-n-octylsulphoxide (D050) has besn investigsted
by us recently {260) in the pressncs of sevarel weter-misciblie orgenic
liquids. Methanol, athanol, n-and isopropanol, dioxsns, acetons
89 well as acetonitrile ware used l'o_ the orgsnic componente of the
poler phese. Thess additives affected the extrsction to varying
dagrees 8nd £ of Pu{lV) incressed in the order s dioxsne Lpethanol £
sthenol 4. scetons Llcléonitrne (Fige4). Extractsbility of
olutonium incressed 2-3 fold with incressing concentration (upto 20%8)
of scetonitrile, acetone, methanol mnd '-thonnl while it diminiahed
with increseing concentretion of n-and iooprop-noi. At high

concentration of ths forme:, the synergism chengsd into sntegonism.



Volums changes are supposed to be the cause of antsgoniem in the
cess of n- ond uoproponol.“) +» Among thess orgenic sdditivee
seximum enhancement in Pu(IV) extrection wes obssrved in the preesnce
of scetonitrile (Teble 4), The relative incresee i-: extrection wee
found to be more st lower sulphoxide concentrations. At higher HM):5
concentrations, Pu(IV) extreotion was relstively less influenced by
.i.ntroducing' orgenic component in the poler phees, wherasss higher

€ velues ware cbteined by adding orgsnic solvente psrtioulerly at
low scid concentretions. Meximum extractebility wee obteined at
relatively lower scidity in presence of sn orgenic additive (Fig.5).
This hae besn sttributad to tha incresse of effective scid concentration

in the polar phees by raplacement of weter with sn orgenic salvent.

Americium/Curium

shabana and Rur(27) etudied the distribution of Am(III1) as well
as Cm(I11) from nitric acid-orgenic emlvent mixtures uéloying 304
Aliquast-336 in xylene ai the extractent. Fig.2 shows that extraction
of both the slements increassd conaidersbly in pressnce of 50% scetome,
though it decressad with incressing nitric scid concentration. Mutusl
sepsration of Am(ITI) end Ce(I1I) is reportsd to be possible st low

acid concentretiona by such polar phass extrection.

Recently, extraction bshsviour of Am(1il) from aqueous nitrets
medis by thres long chainaliphatic sulphoxides hss besen irweetigated
in the presencs of 8lcohols, dioxsns, scstons #s well ®e scetonitrile
in the poler phese{Z®), Extrectebility of Am incressed 5-10 fold
with tncressing concentration of some of thess additives except higher

sleshola. Essentislly quantitstive extrection ( O 95%) could sseily



be obtcined in the preesnce of acetaone or acetonitcile from

“".3 concentration in the rangs between 0.018 - 1M containing

2.5M1 C.(N03)2 ez the salting-out agent.

IVe POLAR PHASE EXTRACTION OF LANTHANIDES

Alsan and Born¢??) etudied the 1iquid-13quid extraction of Ce(I11)
and Tb(I1I) from a polar medium with the well known liquid cetion
exchengaer, bis {ethyl, 2-hexyl) shosphoric acid (HDEHP) from varying
HNOS. HC1 and Hc:lo4 medie. Extraction of both the slsments uwas found te
decresse significantly in presence of 10=50% ecetons., HMeximum eynergietic

sffect for Tb(II1) extrection was, hawever, encountered from dilute

nitric acid solutions.

Extraction snd separation of Ce(III) from mixed hydrochloric ecid-
organtc solutions using SX TOPO in xylene as the extrecting agent merit
(19)

mention here

Shabana and Rur(‘) devissd elegant methods for the mutusl separs-
tion of U(VI) =~ Ce(TI1) se well as Th(I¥) = Ce(III) ueing different

mixed media with HDEHP, c;(III) could be wliminated from U(VI) at
4,5M HCl or sto4 solutions end at 2.5M HC1 in presence of 50% sthanol
being more plausible. Th(IV) could bs sasily eseparated from Ce(111)
on the addition of isopropsncl. Hers, addition of this selvent to

the agueous phase used was recomasnded to achieve Ce(I1I)=Th(IV)

ssperetion.

(30) examined in detail the influence of soms

Nedden and asssoclates
organic additives, viz. kstons, cerboxylic acid, alcohol or ghenol on

extraction of Eu(II1) by different orgsnophosphorus acide. The
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aqusous phasa consisted of a 1M (H, Na) Cle, solutien of .pH1,
benzens being the diluent. Only setal ;6-p1lxo. formad with
di-acidic sxtracting egents sxhibited an 1ncr§alo in extraction,

by a fector as large as 100, while thoss formed witﬁ mono=-acidic
ones ehowed antagonistic effacte. This differencs was attributed
to the preesnce of fruo.P-OH groups on the complexes formed by
di-acidic extracting agents. In the region of medium alcohol
concentratien, e sharp decresse in europium sxtraction wae obeerved
for all the organophosphorus extractants. When tho’alchhol content
exceeded 50X, the dislectric constant of-tho organic phase incressed
appreciaebly and sn incresss in the extraction of metal cation wes
observed. Thie phsnomenon has been expleined by the enhsnced

sxtraction of mixed complexes of ths types

Eu(Cli‘)x. (aH) (x =0 =3).

J=x
Data suggested that the varietion in E of the metal cation ie due
to s solvent effect rather than to the metal caetion, as indicated by

the perfect paralleliem of the two extraction curves of Fn(711) end

Gd(lll).

V. JHEORETICA{L CONSIDERATIGNS

Both‘.ynorgion as well ss sntagoniem are communly encountsred
in extreactions from poler phases. Prssence of completely water~
miecible organic svlvente in the squecus phsey mostly enhancee
the extrection of metal cstions with differsnt oxtrocttno'ugonéo
and oolmtiuo’ oupproo.oi their sxtraction too. Existing data suggsst

that esveral factors arg involvod, and -partly their sffects neutralise
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oach other. Theoretical interprstation of various parameters that
play prominent role in polsr phaee extractione ie more difficult
because of inaufficient data on the propertise of slectrolytes in
mixod media. Ths influence of organic additiveas can be related to
a number of mutuslily related factors, Thus, these mey influence
complex formation, solvation and lonic and wmolscular interaction
in the aquecue phass. Partition of water-miecible liquide between
organic and agueous phases may eleo influence complex formation in

the organic phase.

In consequence to replacement of weter by an organic additive,
hydratsd aetal cation in the aqueous phass gete gfld0l11y dohydrltod(s‘).
Thia resulte in a psrallel increses of ionic interaction, and hence of
association in polar media. Stability of the negatively charged
chloro complexes in solution wae repurted to be sufficiently enhanced
on sddition of water=-miscible organic conpon-nta(ss-‘z). Evidently
it must bring sbout a synergic effect in extraction of the ion-
association (TBP, lulphoxido extraction etc.) or anionesxchsnge
(TLA, TOA extraction etc.) typs. This eynergism can be attributed
to the fact that dissociation of electrolytee decreases in the
presentes of organic substances with lower dizlectric constsnts. Thie

should cause a distinct enhancemsnt in the degree of extraction of

the types montionad.a

Intermolecular association, alec rsferred to as 'molecular

compound® formation through a hydrogen bond is present betwsen two



or more water molacules, a wster moleculs snd & molecule of any
other hydroxylic compound, or two solecules of the lnttor(‘s).

Thue a mixture of watsr and alcohol probably contains compounds such ses

H o Q o H siee 0 s H H ote § == Howree 0 = R Ren 0 o Heaaee § = R

(1) (11) (111)
and @ mixture of water and a ketone containe, besides compound (1),
the compound H == 0 == H ----.GCRZ(IV). The tendency of formation snd
comperetive stebility of complexes I, 11, 1II and IV has soms influence

on ion-sssociation in ths poler phase and hence on the axtraction,

(18)

In a recent review , Hale axemined the various factore th.t
play some rols in extractions from mixed solutions in order to evaluate
their poseible contributione. Thass areg
(1) Changes in the structure of water
(i1} Chnnge; in ion sssociation _

(111)Solubility of extracted metal complexes in the polar phasse
(iv) Changes in ionic strength resulting from volume changes

(v) Organic phase effacts

An increase of metal ion extrectability can bs expected in cases
whera the organfic additive of the polar'pholo promotes the structure

of u-t.r(16). The etructure = making effect has been observed in

aqueous solutions containing small amounts of aleohol.““"e)

(48) (49)

icotone and dioxaene and aleo in water~tetrshydrofuran gith

high THF contintl(so). This effect playsd no rols in tha estrection
(7

of Co* ion=pairs from mixed solvents” ’, whereas higher concentration
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of clcnhola(‘6'47) end dioxano(ag) as well es thass of DMSG over

the whole concentration rango(51) ares deemed to act as structure-
breskers, whersby the energy gain from WSEIP (water structure-enforced
ion=pairing) wee eliminated. Obvicusly, it was coneidered se one

of the resasons for the abeserved diminishsd extrectebility of Co+
ion=paire from mixed medis. Probably it slso played eoms role in
extractione from water-urea mixturee, since urea is known to bs a

ltructuro-broakcr(sz).

(30)

According to Nedden et el s 8 complets interpretation of

polar phese extrectione should include thrae more msin fectors beeides
the snlvation of the sxtracting sgent: (i) the dislectric constent of
the organic phass which influsnces bhe atability of tha complaxee so
that the metal extraction should disinieh when ths d;oloctric constant
increeses, (1i) apecific interactiona between the sscond solvent

snd the axtracting egent on one sids and ths metel complexss on the
other side. Hers sulivation modifiss the partition ratio of the
extractent which happens to be & supplementary reason influsncing

the distribution of the cation; and (1ii) a chsnge in the stoichiometry

- of the extracted metal complexes.

Brisfly speaking, several other fsctore which slso influsnce
extractidn, such as the lonic radii, ionic chergs and ioni ‘rength,
all of vhich ars baing altered in the presence of organic odditiveo‘ss),

should also be teken into account whils examining polar phase extractions.
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TJABLE 1

Synergistic Extraction of Actinides and Lanthanides from
Mixed Aquecus - Urganic Solutions with -
Differsnt Extrectinte - A Su--ary

Agueous acidic

£lement Extractant medium s.c.' . -Ref,
Th TLA HNO, (z.om) 25 1
TOA ‘HCL (4.8 M) - 14
Aligquat=336,TLA , HNO, , 17
HDEHP, TP © HCL, W,S0, $100 18
TOPO HCl (3.6M) - 19
HOEHP HC1, Ha_s% 4
Ps ' TLA, TBP, IBMK, TTA HNO,, HC1 100 o1
TOA HCd (5 M) 14
v TOA HC) T 80 14
TBP HCl (1.1M)3 ﬂuos(u.sn) 5 2
Aliquat-336 HNG3 (4 n) 4 22
TOPO HC1 - 19
HDEHP HC1, stu4 - ]
Np TLA, TEP HND,,, HC1 . 100 23
T0PD HC1 - 19
TOA, HDEHP HC1 (7 M) ’ 24
TCMA H& - 25
Py Aliquat=336 HNOS . - 26
Aliquat-336 O, ~ 2 5,27
Sulphoxides HNOS 5 28 »
Am/Cm  Aliquet=336 HNO,, ’ - 27
Am Sulphoxides HNO, 00 28 b
“Te _ ADEHP W HCL, HC10, 29
TOPQ Hl:]. 19
HDEHP Hcl, H,S0, 4
Eu Orgsnophosphontis HClOa(pH-ﬂ 100 30
. . aclids
™ HDEHP HND, : 29

® Approximate enhancemsnt in ths valus of distribution cosfficisnt (E)
obssrved in the polar phase when comparad toc that sbtainsd from purs
acid solutions,



Jage 2.

Phﬁicul Charscteristics of Organic Additives Freguently
Studied in Polar Phase Extractione

Drganic " Doneity® . Dielectric"

wdditive constant
Water C.997 78,54
Dimethyl sulphoxide 1.096 46 .68
N, NeDimethylscetemide 0.937 37.78
Ethylsne glycol 1.114 37.70
Acetonitrile . 0.777 37.50b
N, N-Dimethylformemi 0.944 36.M
Methenol 0.78¢ 32,70
Ethanol d.7a8 24,55
Acatane 0.784 20,70
n=Propancl 0.800 20.33
iso~Propanol 0.781 19.92
iso-Butenol 0.803 16.56
Pyridine 0.978 12.40°
Tetrahydrofuran ’ 0.83!h 7.58
Dioxans 1.028 2.2

8, Valuses taken from "Orgenic Solvants®™ by J.A. Riddick and
W.A. Bungar, 3rd Edn., Wilsy - Interscisnce, New York, 1970.
All values correspond to 25°C, unlsss stated etherwise.

by At 20¢C

c, At 219C,



Fxtraction of HC1l, HNO
in Presencs

JABLE 3

3

4

C Additives

and H_S0, wigh 50X T8P in Xylens
of Dtgini

Initisl Acid Concentration

Additive
in 2.9 M HNO 6.2 M HC1 6N M,SD
polar phass _ 3 : 274
(%) V4 o, 7, Lo, 7. o [ wer 7, .[wcr 7/, o VA H80,7, [ W50,/ D
Vater 2,066 0.818 0.40 5.759 0.393 0,07 5,573 0.442 0.08
fsthenol
10 2.066 0.828 0.40 5.849 0,396 0,07 5.633 0.490 0.09
20 2.010 0.860 0.43 5.835 0.562 0.10 5.626 0.594 D0.11
30 2.055 0,891 0.43 5.841 0.662 0.12 5.618 0.695 0.12
40 2.085 0.925 0.45 5,772 0.803 0.14 5,514 0.861 0.16
50 2,100 0.950 0.45 5.640 0.969 0.17 5.557 0.919 017
Ethanol '
10 2.051 0.873 0.43  5.847 0.534 0.09 S.666 0.561 0,10
20 2.035 0.899 0.44  5.835 0.707 0.12 5.732 0.769 0.14
30 2.041 0.933 0.46 5.950 0.967 0.16 5.647 1.053 0,19
40 2,120 0.955 0.47 5.808 1.360 0.23 5.466 1.440 0.26
50 24136 1.044 0.49 5.126 1.935 0.3 4.788 1.909 0.40
Jespropanel
16 24055 0,891 0.43 5.834 0.651 0.1 B.758 0.639 0.11
20 2,030 0,895 0.44 5.950 0,908 0.5 8.067 0.958 0.6
30 2.026 1.003 0.50 6.360 1.006 0.17 5.89% 1.301 0.22
40 2.126 1.075 0.51 5.796 1.845 0.32 5.638 1.918 0.34
Ag!!gl\.
10 2.087 0.864 0.41 5.890 0.582 0.0 S.M4 0.577 0.10
20 2.082 0.870 0.42 5.950 0,738 0.12 S.851 0.700 0.12
30 2.183 0.951 0.43 5.896 0.996 0.7 5.860 0.857 0.15
40 24273 0.985 0.43 6,020 1,216 0.20 5.804 1.07 0.19
50 2.283 1.031  0.45 5.843 1,595 0.27 5.120 1.292 0.23




TAB

Effect of Organic Additives on the Extraction of Pu(1V)

from 1.8M HNDS snd 4,61 Hﬂﬂa with 0.2 M sulphoxides

Extraction coefficient, £

“q"‘:::'g"““’ ) 1.60 HND, 4.6n HNO,

D0SO OHSO - 0050 DHSO
Pure Aqueous 3.3 J.27 4.49 4,52
20% Acetonitrile 6.16 5.64 8.50 7.61
20X Acetone 5.01 4,78 5.63 6.03
20% Dioxane 4,1€ 3426 4,88 $.15
20% Ethanol 4,48 3.15 6.62 6.39
20X Methanol 4,01 3.03 6.05 S.24
20% n-Propsnol 2.97 1.87 3.20 3.13

20‘ iso0=~Pr oPml 1.76 1.44 . 1.42 1.56
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EXTRACTION OF Pu(IV),Am(Ill) AND
Cm(lll) WITH 3Q% ALIQUAT-336 IN XYLENE
AS A FUNCTION-OF HNOj .
CONCENTRATION IN ABSENCE AND PRESENCE
OF 50% ACETONE ( THE DOTTED LINES RE-
PRESENT THE EXTRACTION IN PRESENCE
OF ACETONE ) '



400

350

w 300

250

200 1 i [ [} 1 | /] 1 [ L ‘
0 10 20 30 40 50

ORGANIC ADDITIVE , */e

FIG.-3. EFFECT OF ORGANIC ADDITIVES ON THE
EXTRACTION OF Pu(iV) WITH 30 %
ALIQUAT-336 FROM 2M HNOs SOLUTION
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FIG .- 4 EFFECT OF ORGANIC ADDITIVES ON EXTRACTION
OF Pu{l¥) FROM 4.6 M HNO5 WITH 0.2M DOSO IN
SOLVESS0-100..

I-ACETONITRILE; II-ACETONE; Il -DIOXANE;
IT-ETHANOL ; T-METHANOL ; YT -n-PROPANOL ;
VI - ISOPROPANOL. .
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FIG.~ 5 1- Effect of HND _concentration on the extraction of
Pu(IV) with 031M DOSO/Solvesso-100

from ( - /A~ ) pure nitric acid solutions
( - - ) solutiona conteining 20% (v/v) methanol

( ~O - ) solutions containing 20% (v/v)
acetonitrile.



