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ABSTRACT

An overview of extraction chromatography of some metal ions using vari-
ous extractant during last two decades is presented. The development of
this technique since itsinception is briefly traced. The various parameters
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obtained from the previous and present studies such as equilibrium extrac-
tion constant Kex, pH, The various influencing parameters such as acid
concentrations, effect of flow rate of mobile phase and reagent concentra-
tion was studied. The method was free from large number of interferences
from cations and anions data are displayed in tabular form. Finaly, the
current demands, disadvantages and future prospects are also evaluated.
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INTRODUCTION

Extraction chromatography providesasmpleand
effectivemethod for theanayticd and preparaive-scae
separation of avariety of metal ions. Recent advances
in extractant design, particularly the devel opment of
extractants capableof metd ion recognition or of strong
complex formationin highly acidic media, havesignifi-
cantly improved the utility of thetechnique. Advances
in support design, most notably the introduction of
functionaized supportsto enhance meta ionretention,
promiseto yield further improvements. Columninsta:
bility remainsasignificant obstacle, however, tothepro-
cess-scal e application of extraction chromatography.
Extraction chromatography (EXC) isatypeof liquid-
liquid chromatography that couplesthesdectivity of sol-
vent extraction with the multistage character of chro-
matographic processand the ease of handling associ-
ated with ion-exchangeresins. Typically, extraction

chromatographic materia sareprepared by smpleim-
mobilization (adsorption) of an organic extractant onto
any of awide variety of inorganic (alumina, silica) or
organic (cdlulose, styrene-divinylbenzene copolymers)
supports. In contrast to ordinary partition chromatog-
raphy, inwhichthepartitioning soluteundergoeslittle, if
any, chemica change, thesorption of ametd ionin EXC
involvesthecomplex chemica changesassociated with
the don version of hydrated metal ion into aneutral
organophilic metal complex, just asinliquid-liquid ex-
traction. Thisconversion ofteninvolvesanumber of in-
teractionsand equilibria, manipulation of which affords
opportunitiesfor the design of systemscapable of the
efficient and sel ective separations of avariety of meta
ions. Inthisreview, weexaminerecent progressinthis
field, with particular emphasison work directed at im-
proving the performanceof extraction chromatographic
materialsand broadening their range of applications.
Conventiond extraction chromatographic materidsare
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prepared by the physical impregnation of aninert sub-
dratewith either an undiluted extractant or asol ution of
theextractant in an gppropriatediluent. Thisimpregna-
tion can be accomplished by thisany of avariety of
techniques. Most commonly, aporous support mate-
rial iscontacted with asolution of theextractant or of
an extractant-diluent mixtureinavolatile solvent, and
the solvent slowly removed by evaporation under
vacuum. Alternatively, the support iscontacted with a
solution of theextractant inamixture of an organic sol-
vent and water. For very hydrophobic extractants, the
most satisfactory results (homogeneousimpregnation
of the support) have been obtained by contacting aso-
lution of the extractant in aprecal culated amount of
solvent with asupport until all of theliquid hasbeen
absorbed. Because none of these methodsis particu-
larly well-suited to the preparation of large quantities of
EXC materids, procedures have been devised by which
theextractant can beincorporated directly into the sup-
port duringitspreparation.

EXTRACTION CHROMATOGRAPHY

Solvent extraction isaversatiletechniquefor the
isolation, purification, concentration and separation of
solutes. Itispopular asitisrapid, ssimpleand easy to
operate. Itisbased onthe principlethat the solutedis-
tributesitsalf in acertainratio between two immiscible
solvents usually consisting of organic and agueous
phases. Thismethod is applicable at macro gram as
well asat trace concentrations. Dueto easy availability
of varioustypesof new powerful extractants, thistech-
nique hasbeen extensively employedinandytica chem-
istry. In order to achieve efficient separation thistech-
ni que can be coupl ed with partition chromatography
with some modificationd*®l. Thistechniqueiscalled
“Reversed phase partition chromatography’ or simply
“Extraction chromatography”. Thus the extraction chro-
matography isadvantageousfor the selectivity of or-
ganic compoundsaswe | asthemultistage character of
achromatographic process, where extraction and re-
extraction takes place simultaneously. A chromato-
graphic processisdefined asoccurringunder “reversed
phase” conditions whenever the support, either a pa-
per strip or abed of particlesin acolumn hold the or-
ganic phase asthe stationary phase while the agueous
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phaseisthe mobile one (eluent). The applications of
the extraction chromatographic techniquesin organic
chemistry arewell known e.g. asystem of silicagel
with water are useful for separation of hydrophilic sub-
stancesand substances of medium polarity. Methanol,
polyethyleneglycol and formamide have been used as
astationary phase and a hydrophobic solvent asthe
mobile phasefor the separation of lipids. Itisaso use-
ful for the separation of epoxy and hydroxyl estersand
polyunsaturated eters. Thistechniquein early dayswas
used for inorganic separations. “Reversed phase ex-
traction chromatographersareto commended for hav-
ing established so many valuable metal separations
schemesonthebasisof liquid-liquid extraction data.”
The statement comesfrom awel l-known liquid-liquid
extractioninvestigator!”.

Thus solvent extraction and extraction chromatog-
raphy areclosdly related. Asarule, extraction systems
used in solvent extraction processes can beeasily ap-
plied to extraction chromatography. The separation of
smilar e ementswhich otherwisewasnot possibleby a
singlestageliquid-liquid extraction hasbecomeared-
ity duetoavailahility of extraction chromatographictech-
nique. Therehave been significant devel opmentsin ex-
traction chromatography. A number of authoritative
monographsand reviewshave appearedin variousin-
ternational solvent extraction conferences®*2,

CLASS FICATION OFEXTRACTIONSYSTEM

The classification of various extraction systemsis
based upon the process of extraction. Usually, when
theextraction proceedswith theformation of chelates,
itistermed as chel ates extraction. Herethe chelating
ligand replacesthe coordinated water moleculefrom
the coordination sphereto form neutral species. Such
speciesarereadily solublein organic solvents. In ex-
tractionbyion pair formation aneutral uncharged spe-
ciesisformed by the association of meta ionwith bulky
organic counter ionslikehigh molecular wei ght amines.
Asaresult, themetal ionistransferred to the organic
phase. In extraction by solvation the oxygen bearing
organic solvents, solvatethe neutral inorganic species.
Finally, insynergicextraction, two different extractants,
which arecapableof individualy extractingametd ion
partially, are employed together, asaresult of which
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thereiscons derableenhancement intheextraction. A
brief description of the extraction systemisgiven be-
low.

CHELATEEXTRACTIONSYSTEM

Thetheory of che aeextraction hasbeen morethor-
oughly studied than those of other extraction systems
anditiswell known that thelaw of massaction can be
applied most successfully toit. Factorsthat areknown
to beeffectivefor liquid liquid extraction, with chelate
systems such aspH optimization and the use of mask-
ing agents. Chelating agentsthat have been used assta-
tionary phasein extraction chromatography include
eriochromecyanineR, chromazurols, pyrocatechol vio-
let, dizarins, ferroin, chromotropic acid, nitroso-R-sdlt,
sulphosdicylicacid, tiron™, bis(salicyladehyde) —dl -
stilbenzedimine or bis (salicyladehyde) — messo —
stilbenzediiming®® and 1- (2°, 3° — dichlorophenyl) —
4, 4, 6—trimethyl — (1 H, 4 H) pyrimidine — 2- thiol*",
Salen(NEt,),[*® was used as chelating agentsfor de-
termination of trace copper(ll), manganese(ll) and
zinc(I), 1-(4-Bromophenyl)-4,4,6-trimethyl-1,4-
dihydropyrimidine-2-thiol™ were used for determina-
tion of tellurium(1V) and 1-(4-Bromophenyl)-4,4,6-
trimethyl (1H, 4H) pyrimidine-2-thiol® for bismuth(lIl).
Somereagentsare solid at ordinary temperature and
thestationary phasegeneraly consistsof their solution
inan organic sol vent adsorbed on the support.

ION PAIR FORMATION

Inthissystem, the extractable speciesisformed by
interaction between anionintheaqueous phaseand an
oppositely chargedion present in either the aqueous or
the organic phase. However, the system cannot smply
be described by thetwo ionsforminganion pair and
other factors must betakeninto account. In theextrac-
tion of metal through theformation of ion pair,

I) A simplecationisextractedinto apolar solvent as
apair withacomparatively bulky anion.

I1) A complexionor anegatively charged chelatecom-
plex produced from ametal isextracted together
withabulky pairing cation.

[11) Themetd isextracted asacationic chelate species
withabulky pairinganion.

Itisrather difficult to describetheequilibriaof for-
mation and partition of extracted complexesinion-as-
sociation systems. Thelaw of massaction may asobe
applied asin chelate extraction system. Thereason for
thisdifficulty isthat alargenumber of equilibria suchas
higher aggregateformation areinvolvedintheion asso-
ciation system and that major activity coefficientsare
uncertain because of the high concentration of electro-
lytesemployed. 2-Octylaminopyridinewas used for
solvent extraction of bismuth(111)2 and indium(111)122
from succinate mediatakes place viaanion exchange
mechanism. n-octylaniline has been explored asextrac-
tant for gallium(111)=, indium(111)24, thal lium(111)12],
lead(11)1? and a uminum(l11)7, form theion associa-
tion speciesmechanism.

SOLVATION EXTRACTION SYSTEM

Inthisclassthe speciesextracted issolvated by the
mol eculesof theorganic solvent. Theformation of such
specieswith different types of solventsincludeweskly
basic carbonyl compounds e.g. Ethers, Ketones and
other oxygenated compound and a so neutral organo-
phosphorus compounds e.g. basic phosphates,
phosphonates, phosphinates and phosphineoxides. All
these neutral moleculeswhich contains>0, >0O=0 or
=0 groups, coordinatesto the central meta atom, while
the oxygen atoms generally displace water molecules
from the coordination sphere but in some casesthey
coordinatethrough water moleculebridge. Acid extrac-
tion by these compoundstakes place through associa-
tion of theanionwith thecomplex cationformed by pro-
tonation of the extractant. For example, the extraction
of HCIO, by TBP (dilutedin CCl ) isassumed toiin-
volveanion associated trihydrated hydroniumion at the
highest TBP concentration. That iswhy theseextractants
aresometimesclassified asion association system, how-
ever, aclear distinction isadvisable betweenthemand
themorebas c onescontai ning nitrogen, whichformion
pairsmuch more easily. Thesametreatment of extrac-
tion equilibrium asinthe chd ateextraction sysem may
be applied to these systemsthat |ead to the solvation
number. Extraction chromatography with these com-
poundsisof common useand especialy TBPhasbeen
widely applied from the early daysfor thetechnique.
Separation of [Fe(CN)]* and [Fe(CN) ]* onaTBP
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column is also reported®!. Solvent extraction of
scandium(I11) hasbeen carried out from sulfuric acid
mediausi ng bis(2-ethylhexyl) phosphinic acid® asex-
tractant in toluene. D2EHPA and PC-88A wasused as
extractant for scandium(I11)1, zinc(11) and copper(11)©=Y
inperchloratemedia

SYNERGISTICEXTRACTION SYSTEM

It issometimes possiblethat acombination of two
extractantsresultsindistributionratio greater thanthose
obtained individualy with either. This phenomenonis
called the synergistic effect and iseffectively used at
present for better extraction. Somesynergistic systems
have sal dom been applied to practica separations. The
combination of theextractantsindudestheuseof chelat-
ing agents (or acidic organophosphorus compounds)
and neutra ligandsor two different neutrd ligandsand
twodifferent acidicligands. Therearevery few examples
of application of synergistic systemsto reverse phase

extraction chromatography. Someexamplesof thecol-
umn methodsinclude the separation of Sm-Euand Cf-
Cm by meansof amixtureof HTTA withdibutyl diethyl
carbamoyl phosphonate (DBDECP)2%1, Mckay has
giventhedistribution ratio obta ned with the column of
HTTA, DBDECPand HTTA + DBDECPas station-
ary phase as 3.1, 3.3, 106.7 respectively and these
vauesdlearly demongratethe synergistic enhancement
dueto the application of themixed extractant. These
few examplesindicatethat the synergistic effect takes
placenot onlyintheliquid-liquid extractionbut dsoin
extraction chromatography. Crown etherswith 8-hy-
droxyquinolineisused for sol vent extraction of lan-
thanides®¥. A review of crown ether containing extrac-
tion systems has recently been published®. The
cobalt(Il) extracted with mixtures of 8-hydroxyquino-
lineand DB18C6*53". A brief review of different met-
asstudied by variousworkers by extraction chroma:
tography using different extractant and support are sum-
marizedin(TABLE1).

TABLE 1: Review of themetal sextracted by extraction chromatography using different extractant and support

Extractant Metals Support M obile phase Main features Eif
i . Ga(lll), In(l11) s - Separation of Ga(lll), In(I11) and TI(I11)
n-octylaniline and TI(I1) Silicagel Distilled water separated from synthetic mixtures 38
. . Ge(1V) is separated from
Tributyl phosphate  Ge(1V) Silicagel 0.01 mol/L HCI multicomponent mixture 39
S Separation of Cu(ll) from binary
Carboxylic acid cu(ll) Silicagel 0.02 mol/L HNO; mixtures, 40
(Versatic-10) S
synthetic mixtures and alloy samples
R Separation of Hg(ll) from binary
(CV""; ?;?’é{‘igf‘d Hg(ll) Silicagel 0.02 mol/L HNO; mixtures M
and industrial sediment samples
R Separations from Al(I11), Ga(lll),
(CV""; ?;?’é{‘igf‘d TI(IY Silicagel 0.01 mol/L HC In(111), and TI(I11), multicomponent 2
mixtures and synthetic mixtures
6 N H,SO,+ X N
di-(2-ethylhexyl) SZr(1v), Kieselguhr Oxalic acid + H,0, - .
phosphoric acid BNb(IV) and ™ Whatman (Where X= 0.1, 0.5, 2.0 Q”a”“tag"e recovey of Qe‘als ung 43
(HDEHP) BIHE(1V) no.1 and 18 N H,S0O, + 0.1 Paper and column chromatograpiy
N Oxalic acid + H,05)

. Silicagel - Separated from binary, multicomponent
Tributylphosphate Cr(VI) mixtures and from alioys 44
. . Separated from synthetic mixture, alloys,
Versatic 10 Cd(Il) Silicagel 0.1 mol/L HNO; removal and recovery of industrial waste. 45

. Separated from Al(l11), In(l11),
SRS-100 Ga(lll) Silica gel 0.02 mol/L H,S0, TI(111) and multi-component mixtures 46
Pb(I1) separated from Cu(ll), Sn(ll),
Versatic-10 Pb(IT) Silica gel 0.01 mol/L HNO; Hg(ll) and Cu(Il), Cd(I1) and Bi(lll). 47
Alloys and industrial effluents.
Separated from real samplesviz.
Poly(acrylicacid)  Ce(IV) Silicagel 0.02 mol/L HNO; Monazite, bastnasite, and Al-Cealloy. g

Ce(1V) separated from toxic and heavy
metals.

Hnalytical CHEMISTRY o
A Tndéan W



ACAIJ, 10(8) 2011

S.J.Kokate et al.

491

> Rev/iew

Extractant Metals Support Mobile phase Main features T\g
. . 0.05 mol/L Separated from Zn(I1), Cd(11), Cu(ll),
Capric acid Hg(l1) Slicagel |\, Fe(111), Ni(11), TI(1), Po(l1) and Zr(IV) 49
0.1 mol/L Separated from Mg(l1), Cr(111), Mn(11),
SRS-100 Hg(ll) Slicagel 15 Co(11), Ni(I1), Zn(11), La(l1), Pr(i1), 50
3 Nd(111), Sm(111), and U(V1)
. i - i Separated from U(1V), Zr(1V), Sc(l11),
Amberlite LA-1 Th(IV) Silicagel Ce(1V), La(1V) and from monazite 51
. - i Separated from alkali metals,
Tributyl phosphate Mn(11) Silicagel soils and minerals samples 52
. . Separated from alloys, alkali and alkaline
Tr[octyl phosphine Zn(1l) Silicage 4.0 mol/L earth metal, trivalent rear earths and 53
oxide HCI .
platinum group metals.
0.5 mol/L .
. . Separation of Al(l11) and Be(l11) from
T”. octylphosphine Be(I11), Al(11T) Silicage HCI for Be(111) multicomponent mixtures and resl 54
oxide (TOPO) 3.0 mol/L HNO;3 -
samples viz. devardas aloy and monel alloy.
for Al(I11)
Triisobutylphosphine . i
sulfide (TIBPS) Hg(ll) Silicagel Separated from waste effluent 55
Organophosphorous Pu(lVv), Am(lil) Slicagd - Separation of actinides from 56
extractants and Eu(l11) g waste solutions
Aliquat 336 and Fe(l1l), s i . ) .
Thorin | Co(ll), Ni(l1) Silicagel Separation of nicle, cobalt and iron 57
Acetylacetone (AA) Cr and Ni Kel-F - Separation of nickel from alloys. 58
La(lll), Pr(lin)y,
N,N,N?7N2tetraoctyl Pm(l11), Eu(lll),
diglycolamide TO(I, Ho(ll), ~ {vomese 2.5 molfL i 59
(TODGA) Er(l11), Yb(I11) 3
and Lu(lIl)
. Niobium and . M HF 10 mol/L  Require low concentration
Aliquat 336 Tantalum Kieselguhr HNO, of Aliquat 336 62
Quaternary ammonium molybdenum . 0.05 mol/L and _—
salt and Aliquat 336 and tungsten Kieselguhr 0.1 mol/L HCI Quantitative recovery 63
TODGA+TBP Actinides : : Actinides and lanthanides separated 64
from fission products
Adogen-381 - Celite - Separation of radiotracers from one another 65
. Cr(VI), Cd(lI) ) i
Aliquat 336 and Zn(I1) Polystyrene 66
Cr(VI)/Cd(ll)
Aliquat 336 and Polystyrene - - 67
Cr(VD/zZn(11)
La(lll) and
— ) i Removal of La(lll) and Gd(l11)
Aliquat-336 Gd(111) XAD-4 with nitric acid media 68
di(2-ethylhexyl)phosphoric .
acid (DEHPA) and tri-n-octyl- 2 2&(?3“ ) Ambelite . i 69
phosphine oxide (TOPO)
S Cu(l1), Cd(11), ; i
Morpholine dithiocarbamate Amberlite Separation of trace metals
(MDTC) Zn(n, Polll),  — yapa in scawater 0
Ni(l1) and Mn(l1) '
. Y ttrium and s i Separation of yttrium from
Petroleum sulfoxide Lanthanides Slicagd lanthanides, rare-earth ores &
Bis-(2,4,4-trimethy| pentyl)- ; - i Titanium from red mud. Binary
dithi ophosphinic acid Tiv) Slicagdl separation from associated metals 72
Quindizarin [1,2,5,8- ggg: :; Slgj((llll))’ Amberlite 4.0 mol/L Cobalt separated from vitamin tablets 73
tetrahydroxyanthraguinone] Zn(11), and Mn(I1) XAD-2 HNO;
Tri-n-octylphosphine s 0.01 mol/L . .
oxide (TOPO) Th(1V) Silicage H,S0, Separation of Th(IV) from monozite ore 74
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Extractant Metals Support M obile phase Main features RNif
2-hydroxy-propiophenone-4-  Co(ll), Cu(ll), . . .
phenyl-3-thiosemicarbazone (1), Ni(ll) QA”gayte Separation g‘;ﬁgﬂ?ﬁg\; n 75
(HPPPTSC) and Zn(1l) P
Cyanex 921 (tri-octyl ) Amberlite T
phosphine oxide, TOPO) Cadmium XAD-7 30mad/L HA Equilibration time 8 hr 76
Trioctylphosphine oxide Fe(l1l) Amberlite 0.1 mol/L Extraction capacity 77
(Cyanex 921) XAD-7 HNO; increases with temperature

) Amberlite 5.0 mol/L Recovery of cadmium from
Cyanex 301 Cadmium XAD-7, HCl industrial phosphoric acid 8
Eu(lIT) and
TBP Am(i1l) XAD-4 79
Cd(l1), Co(l1), . . .
) Amberlite 2.0 mol/L Analysis of metal ions from
Xylenol Orange Cu(in, Nidln, XAD-7 HCI river water, vitamin tablets 80
Zn(I1) and Fe(11)
di(2-ethylhexyl)phosphonic  Rare earths Styrene- 81
acid (EHEHPA) Metals divinylbenzene
Primene IM-T Silicagel 82
Aliquat 336S Germanium Silicagel 0.5 mol/L HCI Separated from coal fly ash 83
. . - 0.1 mol/L Separated from binary, ternary
Aliquat 3365 Bismuth Sllicagel H,S0, mixturesand low fusiblealloy &%
. - Separated from alloys,
Bis(2-ethylhexyl) phosphate Lead Silicagel sediments and wastewater 85
. . . Se(1V) and - 4.0 mol/L HCl and  Separation from
Tri-octylphosphine oxide Te(lV) Slicagel 1.0-2.0 mol/L HCI  multicomponent mixtures 86
Separated from binary,
Tri-octylphosphine oxide Gallium Silicagel multicomponent mixtures 87
and bauxite ore
. . Polytetrafluo-
Tri-n-octylamine Lead roethylene 88
0.5 mol/L Separated from
Trioctylphosphine oxide Sb(ll1) Silicagel ) multicomponent mixtures 89
HCl ”»
aloystransition metals
Trioctylphosphine oxide Germanium Silicagel - 90
Trioctylaminetriisooctylamine NaOAC, Separation of ternary and
. y Rare earth metal Paper Na malonate, . y 91
or Aliquat 336 . quaternary mixtures
Na succinate
Bis(2-ethylhexyl) phosphoric - 2.0-8.0 mol/L Arsenic, antimony, bismuth
acid So(lH) Slicagel HCI and tin was separated 92
nology, 17(2), 154 (2010).
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