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ABSTRACT

Thetransport of cadmium ionsthrough a supported liquid membrane containing triethanolamine (TEA) as mobile
carrier hasbeen studied. The effects of Cd(I1) concentration, HCI infeed and carrier concentration in membrane has
been studied. Cd(I1) concentration increase in feed leads to an increase in flux from 2.1x107 to 8.4x10"mol-cm
-sect within Cd(l1) ions concentration range (2.7x10*M-16.37x10*M) at 2.0M HCl inthefeed and 3.0M triethano-
lamineinthe membrane. Increasein H* ion concentration from 0.5M to 3.0M resultsin anincreasein Cd(I1) ionsflux
but a decrease is observed beyond 2.0M HCI concentration in feed. Increasein carrier concentration in the liquid
inside the membrane enhancesthe flux withitsmaximaat 3.0M carrier. Further increasein the concentration of TEA
leads to a decrease in transport due increase in viscosity of membrane liquid. The optimum conditions for Cd(11)
ions transport are, 2.0M HCI in feed, 3.0M TEA in membrane, 0.1M NaOH as strip solution. Similar transport
characteristics have been observed for Cd-EDTA complexed anions across TEA-cyclohexanone based SLM, thus
indicating a cadmium anion transport coupled with protons and chloride or EDTA co-ions.

© 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Heavy meta s often appear in high concentrations
indl kindsof industrid effluentsgivingriseto hazards
of pollution because of their high toxicitiesand wide
environmental spreading. Smdl quantitiesof cadmium
occur naturally inair, water and soil. It canleachinto
water bodiesfrom pipesand solder, or may enter wa-
ter from chemical wastedisposal sites*2. Inindustry,
cadmium usesvary from an el ectrode component in
akalinebatteriesto astabilizer in plastics. Production
of nickel-cadmium batteries, paint pigments, anti-cor-
rosive coatings, manufacturing of € ectronic components

and select metd alloys, areto nameafew. Theclean-
up of polluted watersrequiresthe devel opment and use
of cost effectiveand efficient technologies.

Facilitated transport of cationsfrom an aqueous
solution using supported liquid membranes(SLM) rep-
resentsapowerful tool in separation science. Thelig-
uid membranetechnol ogy isbased oninserting aselec-
tiveimmiscibleorganicliquid barrier betweentwo mis-
cibleliquid phases. The separation of the compound of
interest is accomplished by the transport of solute
through theliquid membranefrom theaqueousfeed to
the aqueous stripping phase. Theimportanceof these
processes has been shown by anumber of research-
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ers®19 with avariety of carrier agentsincorporated
into themembrane. Their high specificity and potentia
for industrid-sca e processeswith economic advantages
made them useful to solve someimportant problems,
such as processing dilute metal ionssolutionsfor re-
covery of themetalsionsof metallurgica importance.
In addition, separation by thistechnique offerssevera
advantages over theclassical solvent extraction pro-
cesses, dueto reduced inventory of organic carrier for
extraction. Hence, highly selective and expensive
extractants can also be used, which would not be eco-
nomica in conventiona solvent extraction. Inthispa
per coupled transport of cadmium ionsusing triethano-
lamine-cyclohexanone liquid membranes have been
studied. Previoudly, we haveinvestigated the SLM ex-
traction of Cr(V1) ionsfrom aqueoussolution by using
commercial amine, Alamine 336!*Y. The EDTA-
complexed Cd ions were also studied to see the
behaviour of complexed metal ionsacrossthe TEA-
cyclohexanone SLM. The SLM study was extended
to Cdbattery industrid wastesto recover cadmiumions
toindicatethepractica and environmental importance
of thiswork.

Theor etical aspects

A number of mathemeatica models, which describe
the behaviour of supported liquid membrane separa-
tion processes, have been worked out by other au-
thorg*?-%8, The system in the present study consists of
two aqueous phasesand an organic phase, which con-
tainsthecarrier, triethanolamine(TEA), confined within
the membraneporesby capillary action. Themembrane
servesboth asasupport for theorganic phaseand asa
barrier between the two aqueous phases. Thisresults
intwo agueous-organi c interfaces with well-defined
transfer area. Figure 1 showsthe expected mechanism
of transport of Cdions.

Theextraction of cadmium (I1) ionsby TEA issup-
posed to be based on theformation of Cd(11) anionic
complex inthe membraneinterface. Thetransport of
themetal ionsthrough the supported liquid membrane
systemisconsidered to be composed of many e emen-
tary steps*6-18. In our theoretical considerationsthe
following three tepsaretaken into account, i.e.: (i) dif-
fusion of meta sionsfrom feed bulk solutioninto mem-
braneface; association of Cd(l1) ionswith TEA mol-
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eculg, (ii) diffuson of complex intheorganic membrane
phase to the other side of membrane through mem-
braneliquid and (iii) dissociation of Cd(ll) ionsafter
comingin contact with stripping solution

Thereaction taking place between themetal ions
and thecarrier onthe membraneinterfaceisgoverned
by theequilibrium:

Cd(I1)4q + (2+n)Clag + NH¥aq + NEt(OH)3N <>
[Et(OH);NH ICdCl,, ,

Following arethemain possibilitiesof protonation
of TEA molecule at N and O sites under the acidic
conditions;

@)

Et(OH )3N+H* < [Et(OH)aNH] " (1) (29)
[EL(OH)sNH] " +H* o [EL(OH)3NH I (1) ()
[EL(OH)3NH 51 + H* o [EL(OH)gNH o] (Il1)  (20)
[EL(OH)sNH 31"~ + H* o [EL(OH)sNH ] (IV) (&)
oringenerdizedform,

Et(OH )N + nH * <> [Et(OH)sNH ]~ (V) (2¢)

Species|, 11, 111, IV and V may be formed as a
result of protonation of TEA, whichwill associatewith
cadmiumionsin theanionicformassociated with chlo-
rideions. Specieswith overbear represent the organic
phaseentities.

Cd* +2Cl'¢> CdCl, (39)
CdCl, +Cl'¢>[CdCl ]* (30)
and complexes can beformed as,

CdCl,+nCl-¢>[CdCl,, ]™ (30)

Now speciestaking partinionspair formation may
bel, I, 11l and 1V andingenerd formV, having 1, 2, 3,
4 or ‘n’protons and the ions-pair complexes will be
Et(OH) ,N[Hn.CdCl,, ], whichisthesamespeciesas

Feed Membrane Strip
.
nH Et(OH)3N CI'+H,0
[CaClal, CdCl,.Et(OH), cd(lly
NH,
H*, CI'—
Cd(ll) —

Figurel: Coupled co-iontransport of Cd(l1) ions

e Snoivonmental Science

Hn Tndéan g%wumé



242

Current Researceh Paper

indicated by reaction (1).

Onthestripping side, thiscomplex will break to
releasethe (EtOH),N carrier. The mechanism of cad-
mium iontransport is, therefore, coupled co-ion trans-
port type, with thecomplexing of H* and Cl-ionsboth
movingto the stripping phase through membrane phase
aongwith Cd(ll) ions.

Therdationshipwhich corrdaesthemembraneflux
(J) to concentration (C), to the agueousfeed volumeV,
and to membraneareaA isgiven below.

__d[Cd(In] v
B d A
theintegrated form of flux equationis
Cd(ll
ledle _ AL )
[Cd(ID)io V
where [Cd(11)],, is initial cadmium concentration in feed;
[Cd(ID)];, is total concentration of Cd(l1) at time t and P is
permeability. A linear dependence of the feed solution with
timeis obtained, and the permeability can be calculated from

the dope of the straight line that fits the experimental datal*?.

4

EXPERIMENTAL

M embranes

The support for the organi c phasewasaDurapore
microporous PV DF film. This support has porosity
75%, thickness 125um, porediameter 0.2umandtor-
tuosty 1.67. Thisisachemically stableand hydropho-
bic synthetic polymer support. The supported liquid
membrane has an organi ¢ phasethat containsthe car-
rier, in the polymeric porous medium. In the present
studly, triethanol aminewas selected ascarrier because
itisagood extracting agent of divalent transition met-
as. Cydohexanonewasused asorgani ¢ sol vent/dil uent.
The organic solvent containing the carrier wasincorpo-
rated into the support membrane by capillary action,
by soaking thefilminthe carrier/diluent solution for 24
hours.

Liquid membranecdl

The permeation cell used for SLM experiments
consisted of 2 compartments separated by the mem-
brane. Each compartment, feed and strip, had amaxi-
mum volumeof 140mL. A membraneof effective sur-
facearea14.2cm? could befixed amid thetwo cham-

Recovery of cadmium (I1) by supported liquid membrane

ESAIJ, 3(2) April 2008

Sorip el
Lok bkt

Figure2: Schematic diagram of theper meation cell
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Figure3: Decreasein Cd?*ionsconcentrationinfeed vs.
time, with NaOH as stripping solution. [NaOH]=0.5M,
[TEA]=3.0M,[HCI]=2.0M, [Cd?]=2.7x10%-16.3x10*M

bers. The agitation of the solutionswas carried out by 2
synchronized motorsthat relied on variable power sup-
ply with astirring rate of 1000 rpm. Thestirring rate
washigh enough to minimizeboundary layer res stances.
Theexperimental temperature was 25+0.5°C. Figure
2 showsthe schematic diagram of the permeation cell.

Flux measur ement

Thefeed and stripping solutionswerefilled intheir
respective cell compartmentswith themembrane sepa
rating thetwo chambers. The solutionswere kept agi-
tated with stirrers at aspeed greater than 1500 rpm to
avoid concentration polarization at the membranein-
terfaces. Samplesfrom feed and strip solutionswere
taken after regular intervasof timeand analyzed onan
atomic absorption spectrophotometer (Solaar M6
thermo elementa).

Reagents
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Figure5: Decreasein Cd? ionsconcentration in feed vs.
time, with NaOH as stripping solution. [NaOH]=2.0M,
[TEA]=3.0M, [HCI]=2.0M, [Cd*]=2.7x10"* - 16.3x10*M

Following chemica swere used during this study.
CdCI(AR grade, Fluka), triethanolamine (Fluka),
NaOH (ExtraPure grade), E.Merck, HCI 37% pure
from E. Merck. All other chemicalsused were of ana-
Iytical reagent grade or better. Deionized water was
used to makethe solutions.

RESULTSAND DISCUSSION
A seriesof permestion experimentswere performed

toinvestigatethe effect of feed concentration (Cd?),
carrier concentration (TEA), acid concentration (HCI)

243

—== Qurrent Research Papser

Flux(mol/cm?/sec)

a 5‘- 1I:| ‘IE 21
Cd(11) conc.Mx10*
—a— 0.5MMNaOH —m— 1.0MMalH 2.0M MalH

Figure6: Effect of Cd? concentration on flux with differ -
ent strip concentrations
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Figure7: Decreasein Cd?*ionsconcentrationinfeed vs.
time, with different HCI concentration in feed. [NaOH]
=1.0M,[TEA]=3.0M,[HCI]=0.1-3.0M, [Cd**]=16.3x10"*M

and stripping solution (NaOH), on metal transport.
Effect of cadmium ion concentration

Theeffect of cadmium(l1) concentrationinthefeed
solution, asafunction of timeisdepictedinfigures3to
6. Itisclear that thetransport is affected by the con-
centration of cadmium ions present on thefeed side of
themembrane. Thestripping solutionsused are 0.5M,
1.0M and 2.0M NaOH. Asthe concentration of feed
solutionisincreased, theextraction of cadmium(ll) ions
alsoincreases. It can aso be seenthat Cd(Il) ionsare
trangported uphill acrossthemembrane, evenwhenthe
concentration of Cdionsinthefeed solutionislessthan
that inthe stripping phase. Itispossibleduetothehigher
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Figure8: Effect of Cd?" concentration on flux with differ -
ent HCI concentrationsin feed

pH of feed solution
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Figure9: Variation of pH infeed solution vs. time. [NaOH]
=1.0M,[TEA]=3.0M,[HCI]=2.0M, [Cd*]=16.3x10*M

membrane phase concentration on thefeed sideface of
themembrane.

Figure5 showsthe effect of feed sol ution concen-
tration onthetrangport of cadmium(l1) ionsthroughthe
membraneusing 2.0M NaOH asastripping solution. It
isclear from Figure 6 that thereisamarked increasein
flux withincreasein cadmium concentration and maxi-
mum flux isfound when 16.3x10“M cadmium con-
centrationisused. Thisisin accordancewith reaction
(2). Theamount of strippent (NaOH) concentration
dightly influencetheflux. About 0.5-2M NaOH con-
centrationissufficient to strip cadmiumions.

Effect of HCI concentration

Figures 7-8 represent the effect of HCI concentra-
tioninthefeed onthetrangport of cadmiumionsthrough
the present membrane. It isseen that theflux of metal
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ionsincreases up to 2M HCI concentration and then
deceases. The concentration range studied for HCl is
from 0.1to 3.0M. According to Equations 2ato 2d,
the cadmiumionsget convertedinto [CdCl,, |™inthe
presence of HCI. So the cadmium anions associates
with TEA ionsin the presence of protonsto form a

(EtOH),NH] CdCl,, typecomplex whichdiffusesto-
wardstheother sdeof themembrane, resultingin Cd(11)
transport.

Fromfigure8, it isquite obviousthat theflux of
cadmium ionsfirstincreaseswith anincreasein HCI
concentration and then decreases after passing through
amaximumvaue.

Thisobservationisin accordancewith thetheory,
accordingtowhichfluxisdirectly proportiond to square
of hydrogenion concentration!,
log =A+1logT - logn +log[H*]*+ 2log[R,N]*+log C° (5)
where Jisflux, Aisaconstant, nand T are viscosity and abso-
|ute temperature at which transport takes place and C°is con-

centration of Cdinfeed.

To study thetransport of hydrogenionswithtime,
pH of feed solution was measured at regular intervals
of time. It was observed that pH of feed solutionin-
creaseswith time (Figure9). Thereason can beattrib-
uted to transport of hydrogenionsfromfeedto strip
solution.

Cadmium (I1) chloridein the presenceof HCl in
feed solutionischanged to H,CdCl, speciewhichre-
act with triethanolamine on thesurfaceof membraneon
feed sdetoform anionic complex of gpproximate com-
position of [(EtOH) ,NH]CdCl, which diffusesinthe
membranetothestripping sideresultingin Cd(I1) ions
transport.

To seethetransport of Cd(11) ionscomplexed with
achdatingagent, EDTA, an experiment was conducted
with 0.01M EDTA inthefeed solution with 6.31x10
4M Cd(Il) ion concentration and 1.0M HCl inthefeed
solution and 0.50M NaOH asstrippingsolution. There-
sultsaredepictedinfigure9. Itisclear fromresultsthat
Cd(I1) ionshave been transported to stripping solution
showingthat EDTA isaso complexed like other anions
with Cdionsto makethetransport of thesemetal ions
possible. Theresultscan beexplained asfollows;

EDTA isthe moleculewith four acetic acid groups,
andintheaqgueous mediumitionizestofurnishfour hy-
drogenionsasfollows?!:

Snoivonmental Science
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Figure 10: Cd? concentration in feed and strip solutions
vs timewith 0.05M EDTA solutionin feed. [NaOH]=1.0M,

[TEA]=3.0M, [HCI]=2.0M [Cd?]=16.3x10“M
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Figure 11: Decreasein Cd? concentrationin feed vs. time
with different TEA concentrationsin SLM.[NaOH]=1.0M,
[TEA]=0.5-4.0M,[HCI]=2.0M, [Cd*]=16.3x10"*M
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Figure 12: Effect of different TEA concentrations on the flux
of Cd? ions through the SLM. [NaOH]=1.0M, [TEA]=0.5-
4.0M, [HCI]=2.0M, [Cd?]=16.3x10“M
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i|2C2.N2(CHchOH)3 CH.COO +H?

and (CH,COOH), .(CH,COO0), +H*

2720 72

H,C,N
N

and (CH,COOH).(CH,CO0), +H*

272772

H,C,N
\

andfinally, H,C,N, (CH,COO-), +H*

and if (CH,COOH) = XH, the EDTA can be repre-
sented as ED(XH), and this may associate with Cd
ionseither as[CAED(XH),X,] or as[ CAED. X, XH]
or as[CdED.X ]* and the complex formed with pro-
tonated TEA moleculerepresented as] EtOH).NH] or
[EtOH).,NH,]* or [EtOH),NH ]™ to form the com-
plex like[(EtOH),NH).CdEDX . X] or [(EtOH) ,NH),
-CdEDX,.X,] whichisneutral and extractableinto the
organic membrane. Thiscomplex diffusesto the other
face of themembrane and is stripped off theprotons by
OH-ionspresent in the stripping phase, dissociating
thisneutra complex, resultingintoback diffusonof TEA
moleculestothemembranefeed Sdetoonceagain com-
plex with Cdions. Cdionsarestripped to stripping phase
adongwithEDTA associatedions. TheCdionsaretrans-
ported as such coupled with EDTA ionsand protons.
The mechanism of transport is, therefore, will be a
coupled co-iontransport type.

EDTA isastrong chelating agent for heavy metal
ions, therel ative position of the unshared pair of eec-
tronson thefour carboxylateions and the two nitrogen
atomsbeing suchthat it canform stablefive membered
cheaeringswiththemetd ions. With Sx unshared pairsof
electronsavallable, EDTA isexpected to complex with
Cd(1l) ion having aco-ordination number 6. Usualy
only four ringsareformed dueto steric hindranceand
thesixth pair of eectronsissupplied by thewater mol-
eculeasshown below.

(0] H.O O
Qto\l 2/O:f9

Cd o
N[N/
\ &/ “CHCy
o
N
O _

Effect of carrier concentration

The concentration of the TEA inthe organic solu-
tion hasamarked effect on thecation flux. Figures 11-
12 show that, withtheincreasing TEA concentrationin
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Figure13: Decreasein concentration of Cd? ionsin feed

vs.timefor aqueouseffluent. [NaOH]=0.5M, [TEA]=3.0M,
[HCI]=2.0M, [Cd*]=33ppm

TABLE 1: Analyssof the effluent

Metal Concentration (ug/mL)
Cd 33.0
Ni 174
Cu 35
Fe 11.2
Sn BDL
Pb 2.1

membrane, Cd(I1) transport gradually increases, reach-
ingamaximum valueat approximately 3.0M and then
decreases. Thiseffect can be accounted for by consd-
eringtheinfluencecof increesing viscosity of TEA solution
uponthediffusion of themetal complexinthe SLM.

Fgure12 showsthat theflux increaseswithincreas-
ing triethanolamine concentrationintheliquid membrane
reaching an optimum valueat 3.0M triethanolamine. It
drops continuoudy with further increaseinits concen-
tration.

Thismay beexplained kegpinginview theincress-
ing availability and formation of extractable complex
with Cd(Il) ionsand henceitsextraction into membrane
(organic) phase, at thefeed solution membrane.

Increaseintriethanolamine concentration will lead
tomore CdCl(EtOH),NH anionic complex formation
and henceincreaseinitsconcentration gradient within
the membrane a ong the membrane thickness but the
viscosity of the organic phase also increasesresulting
into decreaseinitsdiffus on through membrane phase.
Theflux of Cd(11) ionsthrough the membraneasafunc-
tion of triethanolamine concentrationisshowninfigure
12. Maximum flux under optimum conditionsisobserved

Recovery of cadmium (I1) by supported liquid membrane
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at 3.0M triethanol amine concentration.

Extraction of cadmium(l1) ionsfrom a cadmium
battery plant effluent

To apply the SLM for Cd(I1) removal, one experi-
ment wascarried out with the cadmium akaline battery
plant wastesolutionin thefeed compartment and 0.5M
NaOH asthestrip solution. All other conditionswere
kept the sameas optimized above. It wasclearly shown
that dmogt dl thecadmium ionstransferredtothestrip-
ping solutionwithin 7 hoursof experiment (Figure 13).
Andysisof thewasteeffluent was performed on atomic
absorption spectrophotometer, results are given in
TABLE 1.

Anaysisof stripping solution showsthat dongwith
cadmium, nickd ionsared so trangported at thecomple-
tion of experiment, which meansthat removal of cad-
mium and nickel can bemades multaneoudy from cad-
mium akalinebattery waste effluent.

CONCLUSIONS

1. Thecadmium ionsare transported across TEA-
cyclohexanonemembraneby coupled co-iontrans-
port mechanism.

2. Theoptimum conditionsof trangport are3.0M TEA
inthemembraneand 2.0M HC1inthefeed.

3. Increasein Cd(11) concentrationinthefeed enhances
theflux, so trangport of Cd(I1) ionsarefast.

4. EDTA molecules also help to form complexed
Cd(Il) ionsand facilitatethetransport of thismetal
ions.

5. TEAisauseful carrier for cadmiumextraction by
using SLM systems.
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