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ABSTRACT

Various aspects of the synergistic extraction and separation of actinidas

andlanthanides from mixed aqueous-organic solutions (polar madia) have bean

reviewed* Notable recent developments as utell as i t s current status in

solvent extraction system.s where the aqueous acidic phase contains an

organic solvent which is completely miscible with water, are presented

b r i e f l y . In general, extraction increases in the presence of an organic

component. Tha less polar the addit ive, the higher is tha tenancy to form

neutral metal complexes which ultimately brings about an increase in the

extract ion. In a polar media, synargism has nostly been observed, though

antagonism ia not uncommon. An attempt haa bean made to classify the factors

that play an important rols in polar phase extractions. Also, their Influence

part icular ly on tha axtractabi l i ty of actinidas and lanthanidas is discussed.

Tha discussion is l imited to tha factors affecting tha extraction equ i l ib r ia ,

a f fec t of d ia lectr ic constant of the polar medium, salvation of tht extracting

agent and to the composition and s tab i l i t y of tha metal complex in the organic

phase.

Hydroxyl (OH*") bearing organic addit ives, e .g . alcohols and aolvanta

not containing the hydroxyl group such as acetone, dimethylsulphoxids,

tetrahydrofuran, amides and Scetonitrila ate. are the two major classes of

organic additives considered in thaee studies. Generally, synergistic ef fect

i n extraction of the ion-association (TBP, TOPO, eulphxoides e tc . ) or anion

•xchange (amines a t e . ) type is re lat ively more pronouncad comparad to othar

extractiona. A tabular summary concerning extraction of actinidea and

lanthanidea from polar madia ia appended for ready reference.
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I IHTROOUCTIOH

nixed oquooue-orgonie Media have a t traotod much a t t e n t i o n only

recently in solvent extraction of systemo that conteln in the ajuaoua

pnaee, en organic aolvent completely niaclble with water. Since the

amount of water eooxtreeted with the metal salt effecte ita distribution,

the partial replacement of weter by m organic component will therefore

effect i te extraction behaviour. It lereported'1"7' thet the extraction

of eome motel aalte ia influenced to different extente which say help

in ueaful intareaperatione. Such Mixed media have bean far a long tima

in general use in ion-oxchenge etudiea and aeparstiene* , ncver-

theleee their epplicetion in axtractiona hae been infrequent. However,

eeverel potentiel epplioatione of auch eyeteme in chemioel and radio*

chemical aeperetione neve bee n suggested, ror example, aeperetien of

eilver end mercury end also silver end eelenium, which previouely

aaaaad not feasible froa pure Mineral acid eolutione wee Made poealble

froa Mixed Medie' K Furthemore* such synergic affect ia certainly

valuable fro* analytical point of view, since i t ia one of tha faotora

affecting extraction and hanca increaeea the range and choice er

extraction conditions. Although the lncreeee of aoldity ar aaltlng out
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aaent's ooncantratlon nay alao eifnificantly affect extr ction and

aaparation, use of organic additivas nay ba more ccwaniant and/or

suitable for many reasons. Thus tha application or highly acidic

solutions is gererelly unfavourable and that of salting out agsnts

atMWtlMoa lnconvaniant sines i t is difficult to eliminate them from

the iqotoos phase. Organic sol"ants e.g. acetone, aJcuhole ate.

on the otlfior hand, can sssily ba distilled off. Alternatively

extraction data in mixed stadia are alao sssantiel for combined Ion

exchange, extraction separation procedure* in Such Mdia.

A complete understanding of the rela of organic additivas

is s t i l l open to orl t icia*. At present, l i t t l e information is

available on the effect on mtai extraction ay the addition of a

polar aolvent to a non-polar one. despite thia, their atudiea

nevertheless are useful even from the practical point of view.

Addition of alcohol ai gnificantly improves the separation of

uranium, thorium and protactinium on extraction by tri-n-octylamifMV ' .

Likewise, the presence of othanol or acetone reduces the number of

etagss required for separation and purer products ars obtained*

Furthermore, o i l or gel formation at tha interface is prevented

by ' creasing the difference between polarities of the two r' isssg

either by adding "< liquid lass polar than water (ag. acetone) to the

aqueous phase or by using mors polar solvents sa the diluent for

the axtractant^15'.

Recently an attempt has baen made to review the pros n. -day

state of the extraction chemist </ of inorganic substances from
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•quaous-oxganio madia* \ Tha chaaiotry of auch synargic ayateaw

Involving actlnidaa • • wall at lanthanidas la , howavar, aparaa and

scattered too* Tablo 1 givea a auaaary of polar phaaa sxtraetiona

of thasa alawanta by diffarent axtractants* Tha aJa of this artiela

la to rtviaw briafly tha prograaa Mado In tha f ia ld of axtractlva

aapatratioia of thaaa »la»enta fro* polar phaaaa and l is t out tha

undarlyint principlaa involvad In aueh ayataaa*

II ORGANIC OOOITItfES

Phyaieal propartiaa

SOHM ralovant physical charaetarlatiea of tha organic

additlvaa that havo baan fraquantly anployad for polar phaaa

axtraction atudloa ara auamariaad in Tabla 2 . An aaaantial

raqulraaant for auoh organle aolvanta l a that thay should *a aolubla

in watar in a l l proportion. Roughly, thay f a l l into two catagorlaai

(1) hydroxyl (0H~) baaring organic additivaa, (a.g. alcohola),

( l i ) aolvanta not containing tho hydroxyl group (aeatona* OflSO,

THF, CHjCN, dloxana, «nldaa,pyridina).

Mutual solubility and stalling of tha organic phaaa

Oatailod account of Mutual solubility of tha various eoaponsnts

aa wall as tha swslling of tha organic phosa aaaa to hava not baan

raportad axeapt in ona inatanoa* . At concantrations of ateohol

of about 3QJt and lssa in polar phaaa, tha ehanga In voluaas of
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phases has been found to ba of the sane ordsr as in tha case ef

purs aqueous Mineral acid solutions. At higher alcohol concentrations

tha walling of tha organic phasa becomes noticeable with long chain

alcohols (propanol and butanol). In other words, swelling lncraaaaa

with increasing chain length and dielectric constant of tha alcohol*

Swelling also incrsssss with the percantega of alcohol added. I t

dapanda furthsr on tha natu - of the axtractant aa wall as tha dialuant

aaployad too* Soastiaea only one phaaa is formed whan tha concentration

of alcohol ia increased above a certain l i a i t . Tha concantration of

aleoholabove which one phaaa ia formed daeraaaaa with incrssaa In chain

length of tha alcohol*

Relative pamitlvity of equilibrium, organic phaaaa

Studiae on relative penaltivity of aqullibrlus organic phaaaa

have bean reported only in tha case of alcohols uaed in polar phaaa

extraotiona*3'. Owing to partial • lecibi l i ty of a weak polar organlo

phaaa and a polar aqueoue-alcoholic.phaaa a cartain aaount of aloohol

ia tranaferred into tha organic phaas. In view of higher pansitivity

of alcohola (CHgOH 31.5. C^OH 24.3, C^QH 20.1, 2-C^OH 18.3,

a l l at 25* (aaa raf. 31) changea in tha raletiva peraitivity or tha

organic phaee may ba expected. Hsla at e l ' 3 ' atudied tha dependence

of tha relative parnltivity of tha equilibrium banana phaaa en the

in i t ia l alcohol concentration, and round i t increeeed with tha total

aloahol oonoantration following tha order t CĤ DH < C2H3QH < 2-G3H?0H<

i-Cj^OH a w a n though tha relative peraitivity ef aicohola deoreaaaa

in thie aariaa. I t ia eauaad by the aaquenoe of aolubillty of

aicohola in tha equilibrium organic phaee*
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I I I POLAR PHASE EXTRACTION OF ACTINIOES

Extraction or thorium from 3.9 fl HN03 medium with 0.3 n TLA

haa baan investigated in the praaanca of alcoholic additivaa for

improved e x t r a c t a b i l i t / . Values of E for Th in SP£ athanol and

iaopropanol wara 10 and 2.5 respectively while that from pure

acid medium i t wae 0.35. Furthermore, aaperation of thorium from

eelenium, s i l ver , cobalt and zinc in the praaanca of 10)( iaopropanol

was found to ba much more effect ive than fro* pure aquaoua eolat ions ,

float important being the aaperatiton of iron from thorium which was

only poaaible on the addition of 10jC isppropanol.

f 14)Allan and others1 ' recommended the uaa of alcoholic and

acatonic solutions for the separetion of thorium-234 (UXj) from

uranium(Ul) by extraction with trioctylemine from 4.8 n HC1 medium.

Maximum yield of about 9BjC could be eas i ly aohleved from mixed

aquaoua organic media. Another noteworthy feature of th is method
234

i e that the loaded axtractent can be ueed ee a cow for Th whereby
the la t t er can ba miled intermittantly.

Schmid and Kamdler*17' examined the influence of methanol and

etnenol introduced to the aqueous nitric acid phase on the extraction

of Th(IV) with Aliquat-336 and TLA. Noticeable change in the

extraction coefficient of thorium wae expleined by the sh i f t of th*

equilibrium of the metal nitrate complexes and by the enhanced

extraction of acid too.
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Haggeg at al* ' found a marked enhancement on tha extraction

of Th with a liquid cation axchanger aolwant, HOCHP, by the addition

of aleohola and acetone. Synergic.enhancement obtained from halida

and sulphate madia waa of tha order of about 100.

A distribution atudy waa carried out on tha axtraction behaviour

of Th(IV) and othar alamanta uaing S% TOPO in xylana froa mixed eolvente*19'•

Extractability of Th fro* 3.6 n HC1 polar medium followaJ tha trend t

methonol > athanol y laopropanol > acetone.

Extraction and aaparation of Th(IV) fro* alcoholic and acatonie

solutions of HC1 and H2S04 with HDEHP haa baan suggested^4'. U-Th

aaparation can be achieved by auccaaaiva extraction froa 11 n HC1 or

4.5 n HC1 in prasanoa of 50)tf athanol. Addition of laopropanol to tha

aquaoua acidic phase haa baan reeoamended to achieve Ce(IIl)-Th(IV)

separation. Thia atudy gave no definite conclusions about tha composition

of tha extractabla complex which may be due to the formation of mixed

complexes heving different compoeitions depending upon the ionic strength

of the aqueoue solution.

Protactinium

Work on protactinium extraction ia particularly intereatine.

because of ita production in reactors uaing thorium end aleo becauee of

i ta complicated aqueous chemiatry* Thua protactinium exlata in tha

form of various hydroxo rather than simple metallic or oxo complexea

in HC1 and HN03 solutions^20'21'. Alien et a l^ 1 ' reported the

extraction of Pa from HC1 as wall aa HN03 madia with trileurylamina.
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tributyl phosphate and isobutyl methyl ketone in the presence of

water-alecible alcohols and acetone. Those additives wara found

to increase considerably tha extraction or P* with all tha extractants.

However* the Influence was relatively leee in the case of TTA. In

Mixtures or an acid with various alcohols, tha influence depended on

the alcohol concentration, the ecidity and on tha chain length

and dielectric constant of the alcohol introduced in the extraction

system. Fig.1 shone tha raiulte of varying amounta of alcohola

and acetone on the value or E for protactinium extraction from 2.9 H

HC1 by 0.3 II TLA in xylens.

Allan and coworkere further extended the use of trioctylamine
234

in tha polar phase extraction of Pe (UX2)
 from uranyl aalt in /-» 5 (1

HC1 medium and deviaed a rapid method for the continuoua milking of

Pa. Aa e solvent, a 10j( TOA in benzene wee employed. The separation

234mof Pa in a pure state, as developed for a polar medium, la valuable

for dead tine, disintegration and half life meaeuramente*

Uranium

Allan and cowor^re' ' haua attempted tha aynargletic extraction

of macro amounts of uranium by auccaesive batch extraction with

TOA in benzene from partially nanaquooue media, uranium extraction

conaiderebly increased in the preeence of organic liquids ouch aa

alcohols, acetone etc. Thia enhancement has been attributed to tha

decrease of hydration in presence of theaa liqulda which favour

tha formation or tha negatively charged attractable uranyl chloride

complexes. The data on uranium extraction in presence of athanol

and acetone'showed that tha U partition ratio £ 5 0 . Tha affect of
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alcohols and acetone clearly increased with tha docreese or

dielectric constant of tha organic additive.

Shabana and Hafez^2'investigated the affect of weter-niscible

alcohols and acetone on the extraction of U(WI) with 2Qft TBP in

kerosene from 1.1 M HC1 as wall as 0.5 M HNQg solutions. Their

results showed that its extraction fro* both acids increased with

the increase of acetone concentration and tha decreeaa of alcohol

concentration. Tha effect of edditivee in nitric acid case was

generally more pronounced that in the case of HC1* Acetone gave

the most useful effect. Thus in 1.1 n HC1, E for ursniim increased

from 0.85 to r-' 5 and, in 0.5 II HN03 i t increseed fro* 3 to 6.

At low additive concentration, the dehydration affect duo to the

presence of additives should lead to an increase in the netel

extraction. With tho incraeae of the additive concentration, the

extraction of acid increases (Table 3) leading to e drop in ewtal

extraction, ae in tha case of isopropenol. However, the effect

of alcohols decreesed in the order t awthanol ^ ethanol^ iaopropenol

which la parallel to their dielectric constants (Table 2 ) . On tho

other hand, U(UI) extrectlon conaidarably increaaad with increaaing

acetone concentration in the polar phase . Log-log plate of C v« TBP

concentration gave slopes of nearly 2 in both acids thereby suggaating

that tha natura of apeciee ia not influenced by the preaance of

additivea. Uranyl chloride aa wall aa uranyl nitrate era extracted

by TBP ae the neutral eolvetes UO2C12.2 TBP and U02{N03)2.2 TBP

reapactively<32f3aJ.
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Shabana and Ruf explored the effect of aoma organic component*f

viz.methanol, dioxane, and acetone on the extractability of uranium(Vl)

with Aliquat-336. Here, the dlatribution coefficient of U(VI) wai merkodly

affected by replacement of water with theae eubetences and the

•xtrectability varied in the order t methenol^dioxane <. eoetone

similar to that obaarved in extraction of plutoniun. Extraction

behaviour or uranium(VI) from pure nitric acid aolutiona wae in line

to that rrom partially non aqueous aolutiona. Higher £ valuee being

about 4 tinea aura than from pure acid aolutiona, were obtained by

introducing the organic aolventa particularly at low nitrio acid

eoncentrationa. Linear relationahip found between C and extractant

concentration at 4 n HNQ, solution in ahaence or preaence of 50jt

organic additivea in the polar phaaa, was attributed to the exletence

or the aingly charged anion, /"uO2(NO3)-7". moreover, the preaence

or the organic aolvante uaed ie presumed to have no afreet on the

extraction mechanlam but only on the Magnitude of the extraction

coefficient. The atripping or hexavalont uranium fro* loaded organic

phase waa accomplished without any problem by successive waahinga with

dilute nitric acid solution* (less then 0.4 n HN03). Application of

S% TOPO in xylena has also been recommended in ite polar phaeo

extraction^19 ' .

Recently, extraction and eeperatlon or U(Vl) rrom Ce(I I l ) or

Th(IV) rrom different mixed media with HOEHP haa bean echlaved(4*.

Ce( I I l ) could be eliminated from U(Vl) at 4.5 H HC1 or H2S04 eolutlmw

aa wall as at 2.5 n HC1 in preaence or 5u){ athanol which, however, wms

more plauaible.
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Neptunium

(93)
Allan and eeaociatee* ' extended the uee or TLA in the polar

pheae extraction of neptunium from HNO, ae wall ae HC1 aolutiona.

Extraction of neptunium from HNO, medium wet slightly Influenced by

alcoholic and acetonic additives, while the effect was coneiderable

in case of extraction from HC1 aolutiona. For example, E for Np(IV)

wee 0.1 in pure equeoue 4.2 n HC1 and was greater than 10 In a aolution

of 4.2 ti HC1 in 40JC acstone for extraction into TLA. The presence of

these components in the aq. phase brought about an insreoee of nitric

acid extrection. The effect increeaed in the order t methenol ^sthenol

isopropanol ^acetone. The effect eleo increeeed with the inereeeo of

tha proportion of the organic additive preaant. Thia difference in

additivee effect could be expleimd in view of the reaulte on the

extraction of the acid i teal f . HNO3, being highly extractable In the

preaence of additives, competes with tha metallic epeoiee for the

available aolvant molecules and thua oompeneetee the dehydretion effect

of additivee which tend tc increase extraction. The latter effect

predominates in ceae of chloride extraction.

Under eimilar conditions, tha effect of edditiwee in TBP extraction

ie generally lower than in the case or TLA extraction. Log-log plot*

of E ve /"TLA 7 have alopes or about 1.6, Irrespective of the elooholorg

concentration in the aq. phaae. This euggeete that the nature of

Np(VI) extrection ia not much influenced by the presence of eloohole.

Np(V) extrection coneiderebly increeaed with increasing acetone

concentration in the polar phaaa, while alcohola had only a alight

effect.
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(19)Shabana and Rufv ' performed a diatribution study on tha

extraction behaviour of Np(IV) from Mixed Hd-organio media using

5jJ TGPO in xylene. Higher exftractability of Np(IV) in presence of

SOjt alcohols h»a baan attributed to the fact that in such aolutione

tha hydration shell of the natal ion ia daatroyad and tha apucific

intsraction of tha cation with the extract*rt can become a>ora pronounced.

At similar organic additive contanta the sequence of E for Np(IV) waa

found aa acetone ^ iao-propanol > sthanol y methanol which ia In

accordance with their dielectric constants. Straight linea with

•lopea of about 2 obtained for Np(IV) in preeence or abeence of

organic additives implied that their preaance cauaee no chemical

Hffact on tha extraction nechanieej but only a physical one wfiieh

affect tha Magnitude of extraction cosffielent. Uaa of TO* (7.S£}

aa wall aa HO£HP (0.7S n) has alao bean reported for the poler phaaa

extreotion of N p ( I v / 2 4 \ Recently, Shebanat2S^ extended tha

application of a quarternary aâ na (TCHA) for ita extraction*

Plutorsiuw

Aa an axtanaion of their prevloua study on plutoniim extraction

fro* nixed aqueous madia to achieve ita separation froa uraniuar '

Shabana and Huf' * carried out ayatemetie atudlea on the extraction

behaviour of Pu(IV) with Aliquet-336 in xylene fro* partially ran-

aquaoua solutions. Oats waa obtained for ita extraction fro* various

nitric acid concentrations in the preeence of 50J( (v/v) •athenol,

acetone and dioxane. Cxtraetability increeaad following the trend

•ethanol <_ dioxane ^ acetone, and the maxim* axtractability ehiftad
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towards lower acidity in presence of organic edditivea. Thia

was ascribed to the enhancement of acid activity by replacement

of water with organic additivaa* E of Pu at 4 n HNO. was two tinea

higher in presence of acetone aa compared with that in pur* acid

solution. Another similar etudy indicated that Pu(IV) could be

easily separated from Am(IIl) and Cm(JIl) with 3Ojt AUquat-336 In

xylene at intermediate nitric acid concentration* fro* alcoholic
(27)and ace tonic mixed solutions* . furthermore, the mutual separation

of Am(ill) and Cm(III) may ba also achieved. Maximum extractability

of Pu(IV) also shifted towards lower nitric acid molarity and i t

incceaaed with organic additive concentration (Fig.3). Her* formic

or acetic add served ma stripping agents.

Extraction behaviour of plutonium(IV) fro* nitric add

madia by two long chain aliphatic aolphoxidaa,'namely di-n-h*xyl-

sulphoxida (OHSO) and di-n-octylaulphoxida (OOSO) has been investigated

by us recently in. the preaanca of several wster-«iscible organic

liquids. Plethanol, ethanol, n-and iaopropanol, dioxane, acetone

so well aa acetonitrile ware uaad «s the organic componente of the

polar phase. These additivaa affected the extraction to varying

degreee and E of Pu(IV) increased in the order « dioxana 4*ethanol£.

ethanol 4. acetone 4.acetonitrile (Fig.4). Extractability of

plutoniu* increased 2-3 fold with increaaing concentration (ufto 20jt)

of acatonitrile, acetone, methanol and ethanol while i t diminishad

with increasing concentration of n-and laopropsnol. At high

concentration of the formr?, the aynergism changed into antagonie*.
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V O I U M changaa are auppoaad to ba tha cauaa of antegoniem in tha

oaaa of n- and iaopropanol . Among thaaa organic additivaa

maximum enhancement in Pu(IV) axtraction uaa obaarvad in tha presence

of acatonitrila (Tabla 4). Tha ralative incraaaa ir. axtraction twa

found to ba more at lower aulphoxida coneantrstione. At highar HNOg

concentrations, Pu(IU) axtraction waa relatively laaa influancad by

introducing organic component in tha polar pheea, wharaaa highar

E valuaa wara obtainad by adding organic aolvanta particularly at

low acitd concantrationa. Maximum axtractability waa obtainad at

relatively lower acidity in praaanca of an organic additive (Fig.5).

Thia haa bean attributed to tha increase of effective acid concentration

in tha polar phaee by replacement of water with an organic eolvent.

Awerlcium/Curlum

Shabana and Ruf^27^ atudiad the diatribution of Am(IIl) aa weU

aa Cm(III) from nitric acid-organic solvent mixtures employing

Aliquat-336 in xylene aa tha axtrectant. Fig.2 shows that extraction

of both tha elements incraaaad considerably in preaenca of S0)( acetone,

though it decreased with increaaing nitric acid concentration. Mutual

aaparation of Am(IIl) and Cm(IIl) ia reported to ba poaaible at lew

acid concentration!) by such polar phaaa extraction.

Recently, extraction behaviour of Am(IlI) from aquaoua nitrate

media by three long chain aliphatic aulphoxidee hea been inveetigated

in tha preaanca of alcohola, dioxane, acetone ea wall aa acatonitrile

in the polar phaae^2M>'. Ixtraetability or Am incraaaed 5-10 fold

with xncreaalng concentration of aoae of thaaa additivaa except highar

aleahola. Essantielly Quantitative extraction ( "} 95j() could aaaily
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b« obtained in tha praaanca of acatona or acatonitrlla from

MNO_ concantratlon in tha tanga batwaan 0.011*1 - 1R containing

2.5R Ca(MO-). aa tha aalting-out agant.
£ at

IV. »OLAR PHASE EXTRACTION OF LANTHANIOSS

Allan and Born* ' atudlad tha liquid-liquid axtraction of Ca( l I I )

and Tb( I I l ) from a polar mmdium with tha wall known liquid cation

axchangar, bia (ethyl, 2-haxyl) phosphoric acid (HDEHP) from varying

HNB , HC1 and HC104 Madia, extraction of both tha elamenta waa found ta

dacraaaa significantly in praaanca of 10-SOJt acatona. Haxlaua) aynarglatie

affact for Tb( I I l ) axtraction was, howavar, ancountarad from dlluta

n i t r i c acid aolutiona.

Extraction and aeparation of Ca( I I l ) fron mixad hydrochloric acid-

organ tc aolutiona ualng 5% TOPO in xylana aa tha axtracting agant serlt
(19)mantion hara* ' .

Shabana and Ruf̂  ' daviaad alagant nathoda for tha awtual aapara-

tion of U(VI) - Ca( I I I ) aa wall aa Th(I(f) - Ca(XIX) uaing dlffarant

Mixad madia with HDCHP. Ca( I I l ) could ba »li*lnatad froai U(VI) at

4.5(1 HC1 or H2S04 aolutiona and at 2.5M HC1 in praaanca of 50j( athanol

baing nor a plausibla. Th(IV) could ba aaally aaparatad fro* Ca( l I I )

on tha addition of iaopropanol. Kara, addition of thia aalvant to

tha aquaoua phasa used waa raconmaRdad ta achiava Ca(II I)-Th(IV)

aaparation.

Naddan and aaaociatea* ' axaainad in da t a i l tha lnfluanca of aoaja

organic additivaa, viz* katona, carboxylic acid, alcohol or phenol on

axtraction of Eu( I I l ) by diffarant organophoaphorua add a. Tha
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aquaaua ahaaa conaiatari of a 1H (H, Na) C184 aolutian of aHI,

banzana timing tha dl luant . Only M t a l coaalaxaa forawd with

di-acidic axtracting aganta axhibltad an incraaaa in axtractlon,

by a factor aa larga aa 100, whila thoaa foraad with mono-acidic

enaa ahowad antagoniatlc af facta. Thla diffaranca waa attrlbutad

to tha preaanca of fraa •-0H groupa on tha complaxaa foraad by

di-acldic axtracting agante. In tha ragion of nadiun alcohol

concantratifln, a ahara dacraaaa In auroplu* axtraction waa obaarvad

for a l l tha organophoaphorua axtractanta. Whan tha alcohol contant

axcaadad 50%, tha dlalactr ic conatant of tha organic phaaa incraaaad

aparaciably and an ineraaaa in tha axtracUon of aatal cation waa

obaarvad. Thla phanoaanon haa baan axplainad by tha anhanctid

axtraction of aixad coaplaxaa of tha typat

Eu(C104)x . ( * H ) 3 - x (x - 0

Data auggaatad that tha variation in C of tha natal oation la dua

to a aolvant affact rathar than to tha Mtal cation, aa indlcatad by

tha parfact parallallam of tha two axtraction curvaa of ti<fTII) and

Gd(I I l ) .

W. THEORETICAL COWSIOCBATIOWS

Both aynargiaa aa wall aa antagoniaa at a comiuUy ancountarad

in axtractiona from polar phaaaa. "raaanca of cmplataly watar»

niacibla organic aolvanta in tha aquaoiia phaa» noatly anhancaa

tha axtraction of natal oationa with diffarant axtracting aganta

and aondtiiiaa auppraaaaa thair axtraction too* Exiating data auggaat

that aavaral factora ara involvad t and partly thair affacta nsutraliaa
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each other. Theoretical Interpretation of varloua parameters that

play prominent tola in polar phsaa extractiona ia more difficult

because of insufficient data on the properties of alectrolytea in

mixad media. The influence of organic additives can be related to

a number of mutually related factors. Thus, these may influence

complex formation, solvation and ionic and molecular interaction

in the aqueous phaaa. Partition of wstsr-misdble llquide between

organic and aqueous phases may alao influence complex formation in

the organic phase.

In consequence to replacement of water by an organic additive,

hydrated metal cation in the equeoue pheae gate gradually dehydrated* ',

Thie reaulta in a parallel increaae of ionic interaction, and hence of

association in polar media* Stability of the negatively charged

chloro complexes in eolution waa reported to be sufficiently enhanced

on addition of water-miacible organic components * . Evidently

it must bring about a aynargic effect in extraction of the ion-

association (TBP, sulphoxide extraction etc.) or anion-exchsnge

(TLA, TOA extraction etc.) type. Thie aynergiem can be ettrlbuted

to the feet that dissociation of elactrolytee decreesee in the

presence of organic eubetancee with lower dielectric constants. Thie

should cause a diatinct enhancement in the degree of extrection of

the typee mentioned.

Intermolecular aaaociation, also referred to ae 'molecular

compound* formation through a hydrogen bond is present between two
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or mor« wateif moleculee, a wetar molecule and a Molecule of any

other hydroxylic compound, or two aolaculaa of tha 1attar ' .

Thus a mixture of watar and alcohol probably contain* compounds auch aat

I K 1
H — 0 — H — - 0 — H H — 0 — H — 0—• R R _ o — H — 0 —

( I ) < " ) ( H I )

and a mixture of watar and a katona containe, beeides compound ( i ) ,

tha compound H — 0 — H - — 0CR2(lV). Tha tendency of for Mat! on and

comparative atability of complexes I , I I , I I I and IV haa some influanca

on ion-association In tha polar phaaa and hanca on tha axtractlon.

(16)
In a recant ravlaw , Hala examined tha various factora that

play some rola in axtractiona from nixed aolutiona in ordar to avaluata

thair poaaibla contributions. Thaaa ara|

(1) Changsa in tha structure of watar

( i i ) Changsa in ion association

( i l l )Solubi l i ty of extracted natal complexes in the polar phaaa

( iv) Changes in ionic strength rsaulting from volume changes

(v) Organic phase effecte

An increaee of metal ion extractability can be expected in cases

where the organic additive of the polar pheae promotes the etructure

of water . The structure - making affect has been observed in

aqueoue solutions containing small amounts of alcohola '

cetona ' and dioxano and also in water-tstrshydrofuran ejith

high ThT contents1 ° ' . This effect playsd no rols in tha attraction

of Ce ion-pairs fro* mixed solvente^ , whsreaa higher concentration
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of alcohols^46'47) and dioxsns^49* as well as thoss of OnSB

ths whole concentration range* ' are d»s*s4 to act as structurs-

breakers, whereby ths ensrgy gain from WSEX* (watar structura-snforcsd

ion-pairing) was eliminated. Obviously, i t was considsrsd ss ona

of ths raasons for tha observed dininishsd sxtractability of Ca

ion-pairs from mlxsd aedis* Probably i t also playsd sons rols in

•xtractions from watar-uraa mixtures, since ursa i s known to bs a
(52)•tructurs-brsaksr .

(30)
According to Nsddsn at al , a complsts lntorprstation of

polar phass ax tractions should indudo thros moro Main factors bssidss*

ths salvation of tha axtracting agantt (1) tha dislsctric constant of

tha organic phaaa which influsncss fehs stability of ths conplaxss so

that ths wetal axtraction should diminish whsn ths dislsctric constant

incrsasea, ( i i ) specific intsrsctions bstwssn ths sscond solvsnt

and ths extracting agant on ona aide and ths metal conplexss on ths

other side. Here aulvation modifies the partition ratio of ths

sxtractant which happens to bs a supplementary reaaon influsncing

tha distribution of tha cation; and ( i i i ) a change in ths stoiehiomstry

of the extracted metal complexes.

Briefly speaking, several other factors which slso influsncs

extraction, euch sa the ionic radii, ionic chargs and ioni rsngth,

a l l of which are being altered in ths pressnes of organic additive* ' ,

should also be taken into account while examining polar phase sxtractions.
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TABLE 1

Synargiatic Extraction of Actinidaa and Lanthanida* frota
nixed Aquaoua - Organic Solution* with

Dif farant Extract ing* - A Suaaary

Clamant

Th

Pa

U

Np

Pu

Aa/Ca

AM

Ca

Eu

Tb

Extractant

TLA

TOA

Aliquet-336,TLA

HDEHP, TBP

TOPO

HDEHP

TLA, TBP, I B M , TTA

TOA

TOA

TBP

Aliquat-336
TOPO

HOCHP

TLA, TBP

TOPO

TOA, HDEHP

TCMA

Aliquat-336

Aliquat-336

Sulphoxidaa

Aliquat-336

Sulphoxldea
HOEHP

TOPO

HOEH*

Organophoaphoa&a
acida

HOEHP

Aquaoua ac id ic
aadiua

HN03 ( 3 . 9 n )

HCl ( 4 . 8 11)

HNO3

HC1, H2S04

HC1 (3 .6M)

Hca, H 2 SO 4

HN03, HC1

HCl (5 11)

HCl

HCl ( 1 . 1 « ) | HN03(0.Sn)

HNO3 (4 n)

HCl

H C l , H 2 S0 4

HN0 3 , HCl

HCl

HCl ( 7 M)

HNO.
3

HN03

HN03

H N 0 3

HNO3

HNO,

HNQ3, HCl , HC104

HCl

HCl , H2S04

HC1O (pH-1)

HN03

S . E .

25
mm

>1OO

-

100

so
s
4

-

-

100

-

-

2

5

-

>100

100

Hmf,

1

14

17

18

19

4

111

14

14

2

22

19

4

23

19

24

25

26

5,27
28 a

27

28 b
29

19

4

30

29

• Approxiaata anhancaaant in tha valua of diatributlon eoafrieianjb (E)
obaarvad in tha polar phaaa whan coaparad to that obtains Croa pura
acid solutions.



TABLE 2

Phyaical Characterlatics of Organic Additive* Frequently
Studied in Polar *hass Extractions

Organic
additive

Water
Dinethyl aulphoxide
N, N-OiMethylacetamide

Cthylana glycol
Acetonitrile
N, N-Oi«ethylformaMi

Methenol

Ethanol
Acstone

n-Propanol

iao-Propanol

iso-Butanol

Pyrldine

Te tr ahydr of ur an

Oioxane

Density*

0.997
1.096
0.937

1.110
0.77*
0.944

0.78f
o.?ai
0.784

0.800

0.781

0.803

0.978

o.a89b

1.028

Oislsctrlc*
constant

78.54

46.66

37.78

37.70

37.50b

36.71

32.70

24.55

20.70

20.33

19.92

16.56

12.40°

7.5f
2.21

a, Valuee taken from "Organic Solvente" by 3.A. Rlddiek and
U.A. Bunger, 3rd Edn., Ullsy - Intaraciance, New York, 1970.
All valuea correspond to 2S*C, unless ststsd sthsrwise.

b, At 20«C

c, At 21«C.



TABLE 3

extract ion of HC1, HMO and H SO with 50JK TB» i n Xylana
in Preaanca of Organic Additivaa

I n i t i a l Acid Concanttatlon
Addltlva — — —

in 2.9 H HNO 6.2 ft HC1 6H
polar phaaa •

Mater 2.066 0.818 0.40 S.7S1 0.393 0.07 S.573 0.442 O.OB

Hathanol

10 2.066 0.826 0.40 5.849 0.396 0.07 5.633 0.490 0.09

20 2.010 0.860 0.43 S.83S 0.562 0.10 5.626 0.594 0.11

30 2.055 0.891 0.43 5.841 0.662 0.12 5.616 0.695 0.12

40 2.085 0.925 0.45 5.772 0.803 0.14 S.514 0.861 0.16

50 2.100 0.950 0.45 5.640 0.969 0.17 5.557 0.918 O;17

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 0.789 0.14

30 2.041 0.933 0.46 5.950 0.967 0.1C 5.64? 1.053 0.19

40 2.120 0.955 0.47 5.808 1.360 0.23 5.466 1.441 0.26

SO 2.136 1.044 0.49 5.126 1.935 0.3* 4.7M 1.909 0.40

Iaopropanol

10 2.055 0.891 0.43 5.834 O.iS1 0.11 I.TM 0.C19 0.11

20 2.030 G.895 0.44 5.950 0.9M 0*11 S.M7 0.958 0.16

30 2.026 1.003 0.50 6.360 1.0M 0.17 5.8ft 1.301 0.22

40 2.126 1.075 0.51 5.796 1.84£ 0.32 5 .MS 1.918 0.34

Acatona

10 2.097 0.864 0.41 5.890 0.582 0.10 5.714 0.577 0.10

20 2.082 0.670 0.42 5.950 0.735 0.12 5.851 0.708 0.12

30 2.183 0.951 0.43 5.896 0.996 0.17 S.S60 0.857 0.15

40 2.273 0.985 0.43 6.020 1.216 0.20 5.804 1.076 0.19

50 2.283 1.031 0.45 5.843 1.595 0.27 5.120 1.292 0.23



TABLE 4

Effect of Organic Additives on the extraction of "u(IV)
from 1.811 HNO, and 4.6M HNO_ with 0.2 H aulphoxidaa

Aqueous (Polar)
phase

Pure Aqueous

20* Acetonitri la

20JC Acetone

20£ Oioxane

20* Ethanol

20* dethanol

20Jt n-Propanol

20J( ieo-Propanol

1

00 SO

3.31

6.16

5.01

4 . U

4.48

4.01

2.97

1.78

extraction
.8(1 HN03

OHSO

3.27

5.64

4.78

3.26

3.15

3.03

1.87

1.44

coeff icient, C
4.611

OOSO

4.49

8.50

5.63

4.88

6.62

6.05

3.20

1.42

HN03

OHSO

4.52

7.61

6.03

5.15

6.39

5.24

3*13

1.S6
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FIG.-I. EFFECT OF ORGANIC ADDITIVS ON E FOR
EXTRACTION OF Po WITH 03M TLA IN
XYLENE FROM 2 9M HCI
I-METHANOL ; IT-ETHANOL

- ISOPROPANOL ; UT- ACETONE
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FIG.-2.EXTRACTION OF Pu ( IV ) , Am(l l l ) AND
Cm (III) WITH 30% ALIQUAT-336 IN XYLENE
AS A FUNCTION OF HNO3 .
CONCENTRATION IN ABSENCE AND PRESENCE
OF 50% ACETONE ( THE DOTTED LINES RE-
PRESENT THE EXTRACTION IN PRESENCE
OF ACETONE )
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FIG.-3. EFFECT OF ORGANIC ADDITIVES ON THE
EXTRACTION OF Pu(IV) WITH 3 0 %
ALIQUAT-336 FROM 2M HNOj SOLUTION
m • METHANOL
A —6 ETHANOL
O — — 0 ACETONE
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FIG - 4 . EFFECT OF ORGANIC ADDITIVES ON EXTRACTION
OF Putt?) FROM 4.6MHNO3 W i T H ° - 2 M 0 0 S 0 I N

SOLVESSO-IOO.

I-ACETONITRILE; H-ACETONE; HI-DIOXANE;
BT-ETHANOL-, TT-METHANOL; TZT-n-PROPANOL;
3ZE-IS0PR0PAN0L.



FIG.- S i - Effect of HNO.concentration on the extraction or
Pu(lV) with Q.1M DOSO/Solvesso-100
from ( - &- ) pure nitric acid solutiona

( - O ~ ) solutiona containing 20% (v/v) neth«nol
( - O "* ) solutions containing 20J( (v//w)

acatonitrila.


