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ABSTRACT

Analytical separation and transport behavior of silver, copper and zinc across supported liquid membrane using
crown ethersdithio-18-crown-6 (DT 18C6) and dicyclohexano-18-crown-6 (DC18C6) in chloroform, hasbeeninves-
tigated. Phase distribution studies show that selectivity of the interface is much higher when the metal cation is
inserted deeper inthe polyether cavity. Silver ions specie are more adaptable to the cavitiesof DT18C6 and DC18C6
than are copper and zinc. Transport studies showed that fluxes obtained with DT18C6 were dightly lower than
those of DC18C6 for all three ions studied. Use of different solid supports revealed that fluxes increase with
increasing porosity of the support but decrease with increasing thickness. Differencesin molar flow rates (F) at feed
and strip membrane interfaces were observed, due to the reason that decomplexation rate at the strip side is slower
than complexation rate at the feed side. The magnititude of separation factor (SF=2.51) showed that Ag* could very
well be separated from Cu** and Zn** using DC18C6/chloroform membrane. The feasibility of preconcentration of
Ag" was also studied by using the hollow fiber module system. Highest enrichment factor (EF) was obtained for 40
mg/L whereby all the metal ions were transported to the stripping phase and resulting Ag+ concentration was 490

mglL (EF=12.3).

INTRODUCTION

Heavy meta s often appear in high concentrations
indl kindsof industrid effluentsgivingriseto hazards
of pollution because of their high toxicitiesand wide
environmenta spreading. Theremova of heavy meta
ionsfromwastewatersisof great significance dueto
environmental and economical aspects. Thetoxic met-
a shave been recovered with separation methodsbased
on solvent extraction, which consumelargeamounts of
organic extractantsand sol vents. Membrane processes
arearedlity inmany industrial fieldsfor therecovery
and recycling of substancesand by-products. Supported
Liquid Membranes (SLM) appear particularly interest-
ingfor thetreatment of dilutesol utions containing met-
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a s becausethey alow the combination of the advan-
tages of solvent extraction and those of other mem-
braneprocesseslikeultrafilteration, RO, dialys's, etc.
SLMshavethe added advantage of high transport rates,
sdl ectivity and minimization of therequired organic com-
ponents?!, InaSLM theinterface can seectively rec-
ognizeoneion, and furthermore, facilitated transport is
moreeffectivethan passivetrangport. Other advantages
arethehigh permesability, possibility of separating and
concentrating species at the sametimeand the great
potentia for low cost and energy savings. Thistype of
trangport hasbeen experimental ly successful inthe hy-
drometdlurgical fieldsfor therecovery and separation
of various meta iong?#1. Many researchershave used
commercidly avalableextractantsasmembraneliquids
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for theindividua separationsof slver, copper and zinc
ions. Oxime reagents are well known for Cu(ll) ex-
traction. Molinari et al™™ have used D2EHPA
(diethylhexyl phosphoric acid) for the selectiveremova
of Cu(lIl) versusNi(ll), Zn(1) and Mn(l1). Osman et
a*¥ have used the same extractant for the transport of
Zn(11) from aqueous sol ution containing Fe(11), Ca(ll)
and Mg(ll). Canet et al'® have reported comparative
transport datafor Pb(I1), Cd(I1) and Ag(l) through a
lasal ocid supported liquid membrane. They explained
the higher trangport flux for Ag(l) onthebasisof smdler
hydration shell of glver (0.212nm).

Supported liquid membrane systems containing
macrocyclesof thecyclic crown ethershavebeen used
for selectivetransport of cationsfrom mixtures of two
or more metal iong?¥. Factors affecting crown ether
mediated transport of cationsin bulk liquid membranes
have been studied extensively, but thedatarel ated to
SLM needs to be substantiated*®. Improvement of
selectivity of thetrans-membranetransport has been
the subject of much discussion. Classical routes con-
cernsynthesisof porousinorganicor hybrid membranes
of well-defined pore size. M ore specific approaches
based uponinvolvement of molecular recognition pro-
cess, and accel erated by breakthroughsin supramo-
lecular chemistry have provided very sophisticated
chemical structures such as highly specific ion
complexing agentslikecrown ethers. Crown etherisa
mol ecul e contai ning hydrogen, carbon and heteroatom.
Each heteroatom isbound between two of the carbon
atomsand arrangedinaring. Thepreviousstudiesout-
lined several features of macrocycle design needed for
sel ective extraction of specific metal cationg 19 2,
However, these studiesdo not allow oneto makereli-
ablepredictionsabout cation selectivitiesand transport
ratesin SLM systems. The size of the polyether cavity
and the size of theinserted ion aretwo of thefunda-
mentd parametersthat giveasd ective extraction 14,

Transport of silver, copper, and zincionsby crown
ethers can befacilitated by co-transport phenomenon®
19, Themetal ioniscomplexed at thefeed-phase/mem-
braneinterface, and thecomplex formed diffusesthrough
the membrane phaseto the membrane/strip-phasein-
terfacewherethe metal ionisremoved from the com-
plex. Thecomplexing ability of ordinary crown ethers
towards soft heavy meta ionsisquitelow. Thiswesk-
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ness has been improved by substitution of some oxy-
genatomsof crown ethersby sulfur or nitrogen atoms
whichresultin considerableincreaseinthe stability of
cations such asAg(l), Au(l), Hg(Il) etc. in solution.
Thus, inrecent yearssomesulfur containing crown ethers
have been used asneutra carriersin solvent extraction
and PV C membrane e ectrode studies of some heavy
metal iong*9. Inthe present work, thebehavior of SLM

was studied through the use of dicyclohexano-18-
crown-6 (DC18C6) and dithio-18-crown-6 (DT 18C6)
asspecificcarriersfor Ag(l), Cu(ll) and Zn(ll). These
ionsareusudly present together in metallic oreleach-
ing solutions. The extraction percentagesof eachion
were determined with both extractants, along with
nature of the porous solid supports, effect of feed con-
centration, molar flow rates, separation factorsand
enrichment factors.

EXPERIMENTAL

M aterialsand methods

Thesolutionsof each metd ionwere prepared from
slver, copper, and zinc nitrate (Fluka) at variable con-
centrations. Thecarrierswere organic solutionsof dif-
ferent concentrationsof dicyclohexano-18-crown-6 and
dithio-18-crown-6 (Fluka) dissolved in chloroform.
Despiteof itsvoldility, chloroform wasused asdiluent
because crown ethershavelow solubility inthe other
solvents. It hasahigher did ectric constant (5.5) ascom-
pared to toluene (2.3) and xylene(2.2). Moreover, itis
misciblewith other organi c sol vents, so an environment
friendly mixtureof diluentscan beprepared for specific
applications. Many researchershave used chloroform
ascrown ether solventin SLM extraction experiments®
451014 Double-distilled water wasused asastripping
solution.

Thepermeetioncdll used for SLM experimentscon-
sisted of 2 compartments separated by the membrane.
Each compartment, feed and strip, had a maximum
volume of 140 mL. A membrane of effective surface
area14.2cm? could befixed amid thetwo chambers.
Theagitation of the solutionswas carried out by 2 syn-
chronized motorsthat relied on variable power supply
with astirring rate of 1000 rpm. Thestirring rate was
high enough to minimize boundary layer resi stances.
Figure 1 showsthe experimental set up.
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Figurel: Schematic diagram of the per meation cell

Phase di stribution studieswere carried out by lig-
uid-liquid extractions. Equal volumes (20.0mL ) of the
aqueous phases, containing the investigated metal
(20mM of Cu*™, Ag" or Zn**each), and of the organic
phases DC18C6/Chloroform or DT18C6/Chloroform
at the chosen concentrationswere contacted for 3 hours
on amechanical shaker (120rpm). Then the 2 phases
were completely separated by centrifugation. Themetd
ion concentration in theagueous phasewas determined
and the extraction percent (E%) was cal culated from
mass ba ance of theion between organic and aqueous
phases (Equation 1).
= Ml X100

[Me],q +[Mel,,
Where, Me=[Cu(ll),Ag(l) or Zn(I1)]
Inall cases, the concentrations of silver, coppe,
and zinc were determined in the aqueous phase using
an atomic absorption spectrophotometer (Solaar
Thermo Elementd).

Theimmobilized interface was prepared by soak-
ingthesupportinthecarrier solutionfor 24 hours. Then
the SLM was placed between the 2 half-cells. The 2
compartmentswerefilled with thefeed and the strip
solutions. Theconcentrationsof silver, copper, and zinc
ionswerefixed at 0.01 M except when the concentra-
tion was studied asatransport parameter. The experi-
ments began by starting the stirring motorsin thetwo
compartments of the experimenta set upasshownin
Figure 1. At different intervalsof time, aliquotsof 1 mL
werewithdrawn from thefeed and strip compartments
and analyzed by AAS. All theexperimentswere per-
formed in athermostat bath at 25°C.
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There ationship which corrd aesthemembraneflux
(J) to concentration (C), to theagueousfeed volumeV,
andto membraneareaQ isgivenin Equation 2 below.

I="w o @)
Theintegrated form of flux equationisEquation 3,
C Q

In =V Pt ()

0

Where C_isvalueof Cat timezeroand Pisper-
mesbility. A linear dependence of thefeed solutionwith
timeisobtained, and the permeability can be ca culated
from the dopeof the straight linethat fitsthe experi-
mental datd®.

Experimentsfor thes multaneoustransport and en-
richment of Ag(l) were conducted by using an hollow
fiber module. Hydrophobic polypropylene hollow fi-
bersfrom Celgard were used as solid supportsfor the
liquid membrane, withthefollowing characterigtics; in-
ner diameter = 240 um, outer diameter =300 um, pore
size=0.04 um, porosity = 40%, length = 5.5 inches.

The HF SLM was prepared by impregnation of
thetubular microporousfiber, passng a5% sol ution of
DT18C6 inchloroform. Experimenta set upisshown
inFigure2. Theflow rateof both solutionswasfixed at
0.5mL/minute. Each experiment was conducted over a
period of 16 hours.
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Figure 2 : Single hollow-fiber module used in a recycling
mode

RESULTSAND DISCUSSION

Liquid-liquid extraction
Thedigtribution behavior of themeta ionswasstud-
— a%a['yttaa[’ CHEMISTRY

Au Tudian Yournal



158

Preconcentration and analytical separation of silver (Ag™), copper (Cu*) and zinc (Zn*?) ions

ACAIJ, 11(4) 2012

Full Peaper ==

ied by meansof L-L extractions. Thedistribution ratios
obtained for Ag(l), Cu(ll), Zn(ll), and the 2 crown
ethersareplottedin Figures3 & 4 asafunction of the
initial extractant concentration. The obtained results
show that the distribution coefficients reached amaxi-
mum va uewhen the concentration of theextractant was
greater than 0.05 mol/L. Thesd ectivity of theinterface
ismuch higher whenthe metd cationisinserted deeper
inthepolyether cavity; slver (1) speciesaremore adapt-
abletothecavitiesof DC18C6 and DT18C6 than are
copper (I1) and zinc (11). Thisisduetothesilver (1) ion
size(radius 126 pm), whichismore similar to that of
the cavities of DC18C6 (diameter 260-320 pm) and
DT18C6 (180 pm). Copper (11) hasaradiusof 69 pm
andthezincionhasradiusof 72 pm. Both carriershave
agood affinity for themonovalent ion, but DC18C6
seemsto bemoreselectivefor silver thanfor copper or
zinc. Thisaffinity can berelated to the nature of the
heteroatom forming the carrier. The oxygen atomsmay
have moreaffinity with singly charged specieshaving
higher charge density, than do the sulphur atoms of
DT18C6. Theseinteractionsshow that ion-crown as-
sociation dependson severa factorsrelated to charac-
teristic properties of theligand, reacting ion and the
solvent!™. Substitution of oxygen atomsby heteroatom

55

50 4 I
sy _________-———:“‘_____
- A —e—7n(ll)
& 23 {_‘ el —a—Ag(l)
—— Cu(ll)
30
25 /

0 20 40 a0 80 100 120
DC18CHmM)

Figure3: Percentageof extraction of Ag(l), Cu(l1) and Zn(l1)

ionsvs. concentration of DC18C6in chloroform
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Figure4: Percentageof extraction of Ag(l), Cu(l1) and Zn(l1)
ionsvs. concentration of DT18C6in chloroform
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like sulphur gives host moleculeswith different com-
plexation properties™ 7,

Influenceof thecarrier concentration

Thevariationsof thefluxesof thethreeionsacross
the SLM vs. the concentration of the 2 carriersarere-
ported in Figures5 and 6. At aconcentration greater
than 6 mmol/L, the carrier doesnot affect significantly
thetransfer rateof themetd ions. Furthermore, thefluxes
obtained with DT18C6 weredlightly lower than those
of DC18C6for dl threeions. The permeabilitiesare
showninFigures7and8.

Thelow increase of flux at high carrier concentra-
tionisdueto anincreaseof theviscosity of theorganic
phase, which affectsthediffusion®. Higher viscosity of
the DT18C6 iscons stent with thelower flux va uesfor
metd ionswith the DT 18C6 carrier. Other researchers
havea so reported similar findings. Mohapatraet all*?
have used polypropyleneflat sheet membrane (pore
Sze0.57um; porosity 84%; thickness 112um) to study
trangport of Cs' ions. They have shown that extraction
of Cs'increased linearly with crown ether concentra-
tion and then decreased. However, they have suggested
theextraction of 1:1 and 1.2 M: CE species. Shams pur
et al*¥ have used thio-crown ether supported PP mem-
brane (Cd gard K-256) for the separation of Ag(l) ions.
They have shown that percent transport of Ag(l) in-
creaseswithanincreasein carrier concentrationup to
0.01M. At higher macrocycle concentration, thetrans-
port efficiency remained unchanged.

Boththeflux and the permesabilitiesof Slver (1) were
found to be higher than those of copper (I1) and zinc
(I1). Becausetheonly differenceinthe SLM systemsis
thetype of transported ion, thefindingsarein accor-
dancewiththehigher distributionratioseeninL-L lig-
uid-liquid extraction.

Effect of thesolid support

Stability of the SLM isdirectly related to thethick-
ness and porosity of the solid support. Thesetwo pa-
rametersalso affect thefluxesof permesatingions. The
influenceof both parametershasbeen studied usng sup-
portswith different characteristics. The obtained re-
sultsarereported in TABLE 1. It was observed that
fluxesincreasewith increasing porosity of the support.
On the other hand, fluxes decreased with increasing
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Figure5: Fluxes (10% mol-cm?-sec?) of Ag(l), Cu(ll) and
Zn(11) ionsvs. concentration of DC18C6in chlor oform
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TABLE 1: Fluxesof Ag(l), Cu(ll) and Zn(l1) with different
supports.M*=0.05M, DC18C6 =2.0mM

Ag() cu(n Zn(In
Supports Jx10° Jx10° Jx10°
(Thickness/Porosity)um *(mol-cm™  *(mol-cm™  *(mol-cm”
2_$C-1) 2_$C-1) 2_$C-1)
Accural PP1E 8.34 6.75 8.74
92/0.1
ﬁ_fco/‘gazl PP2E 5.13 3.47 435
238%352500 10.7 7.36 8.80
g:/lg%rg 2400 11.2 7.78 9.30
?;gﬁf‘z’re 471 217 3.13

thickness. Therefore, it could be concluded that to get
areasonablestability and life-time, acompromiseis
required between thicknessand porosity.

Deter mination of molar flow rate

The molar flow rate F (mol/h), of anioninthe
aqueous solution isdefined by number of moles (n),
transferred per unit timefrom the feed phaseto the
feed-membraneinterface or from the strip-membrane
interfaceto the strip phasethrough the membrane. Fol-
lowing relationships (Equations4 & 5) isused to de-
termineF;

_An(h)

Ft At 4
_An(s
Fom =0 ©)

Where An(f) and An(s) represent thechangeinthe
number of molesin thefeed (f) and strip (s) phases,
respectively. During thetransport process, metal ions
are complexed at the feed-membraneinterfacewhere
they accumul ate; consequently, F, at thisinterface can
be different from F_at membrane-strip interface.
TABLE 2 reportsthemolar flow ratesfor Ag(l), Cu(ll)
and Zn(Il) ionstotheinterfacefeed-membraneand from
theinterface membrane-strip. A different behavior of
thetwo flow rateswas observed at the beginning of the
transport. Thismay beduetolow diffusivity of thecom-
plexesins dethemembrane or lower decomplexation
rate at the strip sidethan the complexationrate at the
feed Sd€?, Figure9 showsthat fluxesbecome steady
after 2 hoursof transport. Thisshowsthat thecomplex
formed, inthe beginning, at thefeed-membraneinter-
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Figure9: Molar flow rateof Ag(l) ionsfromthefeed phase
and organicphaseVS.time. SLM: DC18C6(2.0mM); Celgard
2400; Feed: 0.05M Ag(l); Srip: Distilled Water

TABLE 2: Molar Flow ratesfor metal ions

s

lons F; x 10° (mol/h) Fs x 10° (mol/h)
Ag(l) 3.97 3.80
Cu(ll) 2.73 1.93
Zn(I1) 2.18 1.97

faceisaccumulated there.
Deter mination of separation factors

The separation factor (selectivity) of aSLM isa
parameter that allowsfor the eva uation of the degree
of purification of aspeciewith respect to othersina
mixture. TABLES 3 and 4 show separation factorsfor
Ag(l), Cu(ll) and Zn(1l) with both carriers and con-
centrations. Therelationship givenin Equation 6 has
been used for this purpose;
SF=P, /P, (6)

Where Pispermeability of metals1and 2inthe
mixture. Higher the SF val ue, better will bethe separa:
tion between thetwo metal §'%. Theobtained resultsat
pseudo steady state showed that silver ionshad higher
mobility than zincand copper ions. Itisclear that Ag(l)
can bevery well separated from Cu(ll) and Zn(ll) us-
ing DC18C6/chloroform membrane (SF=2.51). The
separation of copper and zinc from an aqueous sul-
phate mediaby supported liquid membraneusing di-2-
ethyl hexyl phosphoric acid (TOPS-99) asmobilecar-
rier hasbeen studied by'?3. Celgard-2500 polypropy-
lenefilm was used asthe solid support for theliquid
membrane. They found separation factor for Cu-Znto
bel.19and 2.25 at pH 5 and 4, respectively.
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TABLE 3: Separation factor valuesfor Ag(l), Cu(ll)and Zn(I1)
ionsfor DB18C6/ chlor oform membrane

SF 2.0mM 5.0mM 8.0mM
Ag-Cu 2.0 2.20 251
Ag-Zn 1.66 2.0 2.0
Cu-Zn 1.20 1.10 1.25

TABLE 4: Separation factor valuesfor Ag(l), Cu(ll)and Zn(I1)
ionsfor DT 18C6/ chlor ofor m membrane

SF 2.0mM 5.0mM 8.0mM
Ag-Cu 2.0 1.25 1.42
Ag-Zn 1.66 111 0.99
Cu-Zn 1.20 112 1.43

Preconcnetration of Ag(l) with ahollow fiber syssem

Thefeasibility of preconcentration of Ag(l) by us-
ing the proposed SLM parameters, was al so studied
by using hollow fiber system. Enrichment factors (E.F)
werecd culated by using different initial concentrations
in the feed solution. E.F is defined as ratio of metal
concentrationinthestripping phaseand theinitia meta
concentration inthe feed phase®. Highest E.F value
was obtained for 40 mg/L whereby all the metal was
transported to the stripping phase and theresulting Ag
concentration was490 mg/L (E.F=12.3).

It was observed that whiletreating more diluted
solutions, the enrichment factor decreases. Val ues of
E.F equal to 7.6 and 10.2 were found for initial Ag
concentration of 10 and 30 mg/L. Theresults can be
improved by two ways, by using ahollow fiber module
with morefibers, and, by increasing thelength of ex-
perimentd time.
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