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Foi estudada a extragdo de fons cadmio(Il) a partir de solugdes aquosas acidas, usando, em
uma cela de transferéncia sob agitacdo, uma membrana liquida em emulsido, (MLE) preparada
pela mistura de querosene com D2EHPA (um acido alquilfosférico) como carregador mével e
Span-80 como surfactante. A membrana MLE permitiu transporte eficiente do metal, da solucdo
de alimentacdo para o extrato de coleta em experimentos realizados a 25 °C. As variaveis
significativas no transporte de cddmio através da membrana foram a concentracdo do extrator e
a quantidade de metal na solugdo alimentadora. A concentracdo de HCI como agente de coleta
afetou somente a taxa inicial de extracdo do metal, mas ndo a extensdo da extracdo. A quantidade
de surfactante usada neste estudo estabilizou a membrana adequadamente, mas o uso de uma
quantidade maior produziu uma menor taxa de extragdo inicial devido a resisténcia inferfacial
mais alta. Os resultados experimentais sugerem a possibilidade de recuperagdo ou remogdo de
metais toxicos de solucdes aquosas diluidas em um extrator baseado em membranas liquidas
emulsificadas.

It is studied the extraction of cadmium(II) ions from acidic aqueous solutions using a stirred
transfer cell-type emulsion liquid membrane (ELM) prepared by dissolving in kerosene, with
D2EHPA (an alkylphosphoric acid) as mobile carrier and Span-80 as surfactant. The ELM
allowed efficient metal transport from the feed solution to the stripping liquor in experiments
carried out at 25 °C. The significant variables on cadmium transport through the membrane
were extractant concentration and metal content in the feed metal-donor solution. Concentration
of HCI as stripping agent affected only the initial metal extraction rate but not the extraction
extent. The surfactant content used in this study stabilized the membrane adequately, but the
use of a higher content produced a smaller initial extraction rate due to higher interfacial
resistance. The experimental results suggest the possibility of recovering or removing valuable
or toxic metals from dilute aqueous solution in an extractor based on emulsified liquid
membranes.
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Introduction

The presence of cadmium ions in many industrial
aqueous waste solutions is a complex example of pollution
because of its high toxicity, which affects aquatic life and,
in extreme cases, human life. Most of these residual waters
are acidic, however in some chemical manufacturing
processes it is not rare to find aqueous solutions whose
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pH varies even in a range between 7 and 10, with the
possible existence of many dissolved heavy metals.
However, metals like cadmium have an intrinsic value
that justifies their recovery. Cadmium and its compounds,
basically alloys, find many applications such as in the
chemical and electronic industries. It is common to find
cadmium ions in waste waters from industries that work
with metal alloys, ceramic materials, electrowinning
processes, electronics, pigments, and textiles, and in acid
mine drainages, residual waters from leaching and
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flotation steps in copper and other transition metal mines,
among others.' These waste waters are therefore potential
sources of this metal, which is normally used in a high
purity state that requires the use of highly selective
methods. Normally available technologies are not a
solution because they are expensive and not too effective,
and usually the metal concentration in these waste
solutions is low, making its recovery uneconomical.

Among the technical alternatives for removing
cadmium from aqueous solutions, chemical precipitation
as the hydroxide in an alkaline medium can be mentioned,
but such precipitates are not always stable, and their
redissolving occurs easily and large amounts of sludge
accumulate. Another option is the use of solid ion-
exchange resins, but the method is complex and has
problems due to the need to regenerate the loaded resins
after adsorption of metals, which is not always quantitative
and is also strongly affected by the presence of fine
suspended solids, making its use inefficient.>?

Another alternative is the use of solvent extraction
processes with organic liquid extractants in mixer-settler-
type reactors (SX). This technology has been widely used
for the recovery and/or removal of heavy metals in
hydrometallurgy. It is an attractive technique for
separating and enriching metallic ions from dilute
solutions based on the right choice of a highly selective
extractant molecule for the desired metal. Yet it presents
many difficulties, such as the requirement of a huge
inventory of expensive extractant, large plant size to
obtain the desired separation, operational difficulties like
solvent loss due to crud formation or the entrainment of
the organic phase into the aqueous solution, or by
volatilization of diluent and degradation of the organic
extractants.*

Membrane-based solvent extraction processes have been
shown to be an effective alternative to the metal removal
techniques mentioned above, including solid-supported
liquid membranes™® and surfactant liquid membranes.”'
Particularly, a surfactant liquid membrane process has
sufficient ability to selectively separate metals from aqueous
solutions using a double W/O/W emulsion stabilized by
the use of suitable surfactants, with a reduced amount of
organic solvent and greater extraction. The study by Li and
co-workers'®!" was the first on the industrial applications
of emulsion liquid membranes (ELM) and they are normally
credited with this invention. Many investigators have studied
the practical operation of ELM and the mechanisms that
regulate the transport of metals through them, a process
that would be regulated by a diffusive phenomenon of mass
transfer with a chemical reaction. The ELM method would
have the ability to remove and concentrate selectively or
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collectively, depending on the extractants chosen, the low
metal contents present in these residual aqueous solutions,
in a continuous and fast process, using a thin liquid
membrane that has a large interfacial area and needs only a
very small volume of organic solvent.”>? However, it is
absolutely necessary to carry out a basic study of its
functioning, including the influence of the chemical and
hydrodynamic variables that affect the transport and extent
of metal extraction. With that purpose, in this study a stirred
transfer cell was used which allows determination of the
interfacial area and reduces drastically some operational
problems such as emulsion breakdown and swelling. The
ELM process uses the same extractants used in the SX
process, in this case also playing the role of metal carrier
from the feed solutions on one side of the membrane to the
other side made by the acceptor strip liquor. In this study, a
non-specific alkylphosphoric acid compound (di-2-
ethylhexyl phosphoric acid, D2EHPA) dissolved in kerosene
was used as extractant. At first a profile of cadmium species
over a wide pH range, the effect of extractant on the organic/
aqueous interface, and the optimum equilibrium conditions
to extract the metal were studied. Special care was taken
with the influence of chloride-ion concentration in the
aqueous phase feed on the extraction equilibrium and on
the initial metal extraction rate in the stirred transfer cell.

Experimental
Materials

D2EHPA (di-2-ethylhexyl-phosphoric acid, C, H, PO ),
a widely used nonspecific compound was employed as
carrier extractant for cadmium. The phosphoric extractant
is a light-yellowish transparent liquid with a molar mass of
322.4 g mol" and a specific gravity of 0.96 at 20 °C, which
was purchased from Sigma. Span-80 (sorbitan monooleate),
a well-known nonionic commercial surfactant whose
structure has been described,?’ was used to stabilize the
membrane. These compounds were used without further
purification and were dissolved in industrial-grade aviation
kerosene from Esso-Chile whose composition averages 81%
of aliphatic compounds. This diluent has low volatility and
viscosity, making it suitable as solvent because it avoids
loss by evaporation at the high stirring speeds needed to
form the emulsion system.

The aqueous solutions for Cd extraction were prepared
by dissolving CdCl,-2.5H,0 in distilled water. The pH value
in the studied range was adjusted with hydrochloric acid,
sodium hydroxide and a 0.0125 mol L' acetic acid/sodium
acetate buffer solutions. The initial Cd(II) content in the
feed solution varied between 1x107 and 1x10"' mol L.
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Concentrated hydrochloric acid solutions were used as
stripping agents. In the metal transport experiments carried
out in the ELM, this phase constitutes the internal aqueous
phase, which acts as a metal acceptor solution. All the other
reagents employed were of analytical reagent grade.

Procedure

First, cadmium liquid-liquid extraction and equilibrium
measurements were carried out by contacting in a
PolyScience orbital shaker at 25 °C equal volumes (20 mL)
of aqueous and organic solutions during 3 h, a time in excess
sufficient to allow equilibrium to be reached.

All ELM transport experiments in the stirred cell were
also carried out at 25 °C. The membrane contactor
consisted of a stirred transfer cell with two compartments,
the bottom one for the external aqueous solution
constituted by the metal aqueous solution, over which a
volume of the primary emulsion phase was added
carefully, taking care not to disturb the interface. The
transfer cell had two turbine-blade stirrers turning in
opposite directions. The cadmium-containing aqueous
feed phase zone volume was 170 mL, the compartment
for the primary emulsion had a volume of 50 mL, and the
interfacial area was 27.34 cm? Both phases, previously
conditioned, were stirred gently in their compartments in
opposite directions at constant speed with an Ika-
Ruhrwerke RW20 stirrer, keeping a neat interface
throughout the experiment.

Previously the primary emulsion was prepared by
stirring vigorously the internal aqueous stripping solution
with the organic phase consisting of the corresponding
extractant and the surfactant dissolved in kerosene,
following the experimental procedure previously described
in detail.” The stirring was done with an OMNI ultrasonic
agitator, which allowed dispersion of the internal aqueous
solution in the organic phase, producing an emulsion with
small droplets between 0.5 and 100 pm.

Cadmium content in both the equilibrium and transport
experiments was measured by atomic absorption
spectrophotometry on a Perkin Elmer Model 3110
apparatus using an air-acetylene flame at a wavelength of
228.8 nm.

Results and Discussion
Extraction equilibrium
A number of extractants appropriate for recovery or

removal of cadmium from aqueous solutions have been
tested, among them amines, preferably tertiary amines,
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with the metal extracted from an acid phase together
with chloride ion.” This type of extractant requires the
metal to be preferably in the form of an anionic species
with halide ion, like CdClS* or Cdle*. Quaternary
ammonium salts have also been used as efficient
cadmium extractants in different diluents according to a
chemical mechanism similar to that of amines, i.e. by
anion exchange and formation of ion pairs.?* However,
the metal is not always found in industrial waste solutions
with high chloride ion concentrations. Usually, cadmium-
containing residual aqueous solution have an acid pH
varying within a range of 1-5 and rather low halide ion
content. In that case, acidic extractants and even
chelating compounds should be used although they
require lower acidity to give efficient extraction
perfomance.?2® However, metal uptake under these
experimental conditions requires the metal to be in the
form of the free Cd** cationic species which is extractable
by the acidic cation-exchange extractant. Figure 1 shows
a profile of cadmium species abundance as a function of
pH and chloride ion content in an aqueous metal-
containing solution obtained from the known equilibrium
and solubility product constants.
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Figure 1. Profile of cadmium species abundance as a function of pH.

It is seen that free Cd(II) ion species predominate along
the acid pH range and at low chloride ion concentration
(10 mol L"), but at approximately pH 7.5 and above the
metal starts precipitating almost quantitatively. However,
even in the acidic pH zone, if halide ion concentration is
high, most of the metal appears forming the complex
species CdCl,>, making compulsory under these
conditions the use of basic substances as amine-extractants
which act by ion-pair formation, whereby a large and
positively charged organic species produces the extraction
of a large anionic metal complex to the organic phase.

Many authors have pointed out the importance of the
nature of the diluent for cadmium extractants, which would
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affect among other things the extraction efficiency and
gives rise to some difficulties in aqueous-organic phase
separation. Among these studies is possible to stand out
the contributions of Stenstrom and Aly* and Alguacil and
co-workers.”®? In this study industrial aviation kerosene
was used as diluent because it has low volatility suitable
for experiments carried out under severe stirring conditions
like those produced when a high-shear ultrasonic agitator
is used. Therefore, it was important to verify the behavior
of the phosphoric extractant dissolved in this diluent
toward aqueous solutions. Some equilibrium experiments
were carried out contacting the organic solvents with
aqueous solutions without metal over a wide pH range.
The change in the initial pH of the aqueous phase was
measured once equilibrium was attained. Figure 2 shows
that the acid extractant changed its initial pH. The behavior
of the acidic alkylphosphoric compound chosen for the
cadmium transport experiments could be accounted for
by the fact that this extractant presents some interfacial
activity. When placed at the aqueous-organic interface it
would undergo a partition and a dissociation process,
releasing hydrogen ions to the aqueous phase. This fact
causes the reduction of its equilibrium pH following a
typical sinusoidal curve in which the flat middle zone
represents the pH close to its pKa value, in this case around
2.5, somewhat higher than reported in the literature.

6 - —@— D2EHPA
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Figure 2. Initial pH vs. equilibrium pH.

It is clear that although the extractant is a weak acid,
at the interface it would tend to ionize, increasing the
chemical activity of the hydrogen ions through its
interfacial activity, finally reacting with the metal by an
ion-exchange mechanism based on a heterogeneous
interfacial reaction.*® Any change of the pH of the aqueous
feed phase would be produced not only by the extraction
interfacial chemical reaction but also by the acid character
of the extractant.

The metal salt used in this study ionizes in the aqueous
phase to form the metal ions Cd** which react with the
deprotonated extractant species to form the CdX, species
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at the aqueous-organic interface. It is well-known that
alkylphosphoric extractants are found dimerized in
aliphatic diluents like kerosene.’! Depending on the metal
concentration in the aqueous phase, the reaction’s
extraction stoichiometry varies and so does the structure
of the extracted complex. Assuming that all acid extractant
molecules are dimerized in kerosene, the extraction
reaction of divalent metals with D2EHPA would proceed
in all cases as follows:

M+ n(HX), | =MX,HX), , +2H" (1)

2n-2 org

At low metal content in aqueous solution, the most
probable structure of the extracted complex would be
CdXz(HX)Z, as has been reported for the extraction of other
metals with D2EHPA.* The structure of the complex is
shown at the Graphical Abstract (GA) of this paper.

Then the extraction of Cd* with the phosphoric
compound can be written as follows:

Cd>, +2(HX), = CdX,(HX), + 2H*, )

From this equation, the expression for the extraction
equilibrium constant, ch ¢ can be written as,
13

K, = ([ CAX,(HX),]  [H'T,} / {[Cd*], [(HX),P

org org

where the subscript “E” denotes extraction conditions,
and all concentrations are those after equilibrium has been
attained. Then equation (3) can be arranged as,

log (D) =log Keq,E + 2 (pH + log [(HX),]) @)

where D, represents the metal distribution coefficient,

defined as,
D, = [CdX,(HX),],, / [Cd>],, 5)
3
y = 2.2200x - 2.9592 o
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Figure 3. Correlation of extraction experimental results according to
equation (4).
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In Figure 3 the experimental results were correlated
by equation (4). The slope is nearly equal to 2.0,
indicating that one mole of cadmium would react with
two moles of the dimer of the extractant, validating
the equilibrium proposed in equation (2). Moreover,
from the intersection of the straight line with the
ordinate, the extraction equilibrium constant was
determined as Keq,Ez 4x107 [-]. Although this value
seems low, it is possible to achieve a good extraction
extent since the pH of the feed aqueous phase is
adjusted around 5.0. The use of the buffer solution
allows shifting the reaction towards the formation of
the metal-extractant complex. Several authors have
reported different values for this equilibrium constant,
which have been calculated under different expe-
rimental conditions. However, the value of Keq,E
obtained in this work is in the order of those calculated
by other authors for extraction of cadmium and other
metallic ions with this compound using rather similar
conditions. For instance, Takeshita et al.** determined
in nitrate medium a 5x10° extraction constant using
only the phosphoric extractant and a equilibrium
constant of 0.2 when TPEN, a hexadentate ligand with
nitrogen donors was added to the organic solution.

Cadmium transport measurements

Stirring conditions in the transfer cell. First it was
necessary to find the appropriate stirring speed conditions
in the transfer cell used in this study. Complete mixing
must not occur between the aqueous feed and the emulsion
phases in order to achieve a clear interface between them
and allow the interfacial area to be calculated and emulsion
breakdown to be reduced. Based on previous experience
using this membrane contactor, all experimental runs used
a volume ratio of organic solution to metal-acceptor
aqueous solution, V_/V o of 2.0 to prepare the emulsion
phase, and a primary emulsion stirring speed of 1500 rpm
during 5 minutes. Furthermore, a stirring speed of 50 rpm
was used in the transfer cell, adequate to keep a neat
emulsion/feed interface and to overcome the natural
resistance in the outer aqueous phase.

The extent of cadmium extraction, E_ [-], was
determined by measuring the metal concentration in the
feed solution as follows:

E, = [(C,

ext

- CCd) / CCd] (6)

where C, and C_, denote the initial cadmium content in
the aqueous acid feed solution and the metal concentration
in the raffinate, respectively.
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Dependence on extractant concentration. In order to
determine the effect of carrier extractant content in the
organic phase on cadmium extraction, several experimental
runs of metal transport through the organic liquid membrane
were carried out, changing the concentration of the carrier
in a range between 0.005 to 0.1 mol L. In all the runs a
surfactant concentration of 2% (w/w_) and a 2 mol L'
hydrochloric acid concentration in the strip liquor were
used. The initial cadmium content in feed solution was
0.001 mol L' and chloride concentration was 2 mol L
being the pH adjusted around a value of 5.0 by using a
0.0125 mol L' acetic acid-sodium acetate buffer solution.
Samples of raffinate were taken at different time intervals.
The results are shown in Figure 4.
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Figure 4. Effect of carrier extractant concentration on the extraction ex-
tent of cadmium.

It is seen that the extent of metal transport through the
membrane is enhanced as the content of carrier compound
in the organic membrane film is increased. It is also seen
that metal extraction is favored at the beginning of the
experiment. In order to measure this effect the initial
extraction rate of metal in each experiment, R , was
calculated using the following equation:

R, =C,, (V,,/ A)dE/d) @)

where Vi and A denote the volume of feed solution and
the area of the interface, respectively, (dE/dt) represents
the change in the extent of metal extraction with time,
and R is expressed in [mol cm? s']. Figure 5 shows the
influence of extractant content in the organic phase on
the extent of extraction and on the initial extraction rate.
In these experiments the feed aqueous solution compo-
sition was same as indicated in Figure 4: 0.001 mol L™
[Cd], 2 mol L' [CI7] and a pH of 5.0 adjusted using the
buffer solution.

It is clear that the chemical reaction plays an
important role in metal permeation through the liquid
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membrane. Metal transport through it is a process of
mass transfer affected by the equilibrium and kinetics
of the extraction chemical reaction between the metallic
ion and the carrier. The content of carrier extractant in
the organic phase would then affect the chemical
extraction reaction at the interface as well as the diffusion
process through the membrane. Figure 5 shows that the
extraction extent of cadmium from the external aqueous
solution increases slighty with D2EHPA content in the
range studied, with the influence of this variable
somewhat higher on the initial extraction rate, showing
clearly that the extraction chemical reaction takes place
around the external interface of the organic droplet. An
excess of extractant did not change dramatically the
extent and the rate of metal extraction. Although
D2EHPA has a strong affinity for the metal, the required
carrier amount is fixed by the stoichiometry of the
cadmium-carrier complexes formed. Besides, an
excessive increase in carrier concentration may
destabilize the emulsion because of its surface properties
and it may also affect the diffusion of chemical species
through the membrane due to the increased viscosity of
the organic film.
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Figure 5. Influence of extractant content at the membrane on extraction
extent and on initial extraction rate.

Effect of changing the HCI content of the receiving phase.
As the extraction step occurs on the external interface of
the emulsion droplet, metal transport is necessarily
complemented by the simultaneous stripping step at the
internal interface of the emulsion globule. At this stage
the carrier is regenerated for a new extraction cycle and
the metal is stripped and enriched in the strip liquor. In
this sense, the extraction of Cd(II) could be influenced by
the hydrochloric acid concentration in the stripping phase.

Figure 6 presents the dependence of the extraction
extent and the initial metal extraction rate with the change
in HCI content in the stripping solution. In these
experimental runs the feed solution was conformed by an
aqueous phase whose pH was 5.0 having a 0.001 mol L
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Figure 6. Effect of hydrochloric acid content in the stripping solution on
extraction extent and on initial extraction rate.

metal content and a 0.0125 mol L' chloride concentration.
The carrier content at organic liquid membrane was 0.1
mol L' in kerosene.

As can be seen, the extraction extent of metal turned
out to be independent of the acid in the stripping solution,
indicating that the back-extraction step would have a
limited influence on the overall efficiency of the process.
However, the HCI content had a more important effect on
the initial extraction rate that was seen as a moderate
increase in the metal transport rate in the transfer cell as
the hydrochloric acid concentration was increased. This
is important because a higher extraction rate would allow
a greater number of extraction-stripping cycles and would
therefore reduce even more the inventory of organic carrier
to achieve the same amount of metal uptake. If it is
assumed that the extraction of Cd** by D2EHPA proceeds
by cation-exchange and that to produce the reverse
reaction, i.e. the breaking of the metal-extractant complex,
a minimum acid content in the stripping liquor is needed,
in subsequent experiments a 2 mol L' HCI concentration
was used in this phase. This amount of stripping agent
generates an acidity gradient, the driving-force of the
process, between both aqueous phases sufficient to ensure
the permeation of cadmium ions toward the stripping
liquor.

Influence of the metal concentration of the feed phase.
Figure 7 shows the change in the amount of cadmium
extracted over time as a variable of metal concentration
in the aqueous feed solution. In these experiments the
experimental conditions were as follows: organic phase
0.1 mol L' D2EHPA, stripping solution 2.0 mol L' HCI
and feed solution whose pH was 5.0 adjusted with the
buffer solution containing a halide concentration around
0.0125 mol L.

As expected, metal extraction decreased slightly as the
cadmium content in the external aqueous feeding phase
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increased, which is coherent with the necessary amount of
carrier to transport a larger quantity of metal. Measurement
of the effect of metal concentration in the feed solution on
the initial extraction rate seems to be more interesting.
Figure 8 shows the dependence of initial metal extraction
rate with the change in metal content in the external aqueous
solution. The composition of three phases used in these
experiments was as described for Figure 7.
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Figure 7. Cadmium extraction extent as a function of feed metal concen-
tration.
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Figure 8. Dependence of initial extraction rate on cadmium concentra-
tion in feed aqueous solution.

Under the experimental condition studied there was a
clear proportionality between initial rate and metal
concentration in the feed solution. The same effect was
seen when carrier content was increased in the liquid
membrane, confirming the important role of the chemical
reaction in the control of the metal permeation process.

Dependence on surfactant concentration. With the purpose
of studying the stability of the liquid membrane, different
experiments were designed changing the concentration
of surfactant, Span-80, in the organic phase. Emulsion
liquid membranes are normally unstable, and a certain
amount of surfactant must be added in order to avoid
emulsion breakdown caused by the coalescence of
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dispersed drops. Figure 9 shows the effect of surfactant
content in the liquid membrane on extraction extent and
initial extraction rate. The organic phase was 0.1 mol L
of carrier and the stripping solution was 2.0 mol L' HCI.
The feed aqueous phase was conformed as follows: a pH
of 5.0 having a 0.001 mol L' metal content and a 0.0125
mol L' chloride concentration.
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Figure 9. Influence of surfactant content at the membrane on extraction
extent and on initial extraction rate.

The surfactant causes a decrease of the system’s
interfacial tension, contributing to stabilize the emulsion
by generating smaller droplets. It is clear from Figure 9
that the extent of cadmium extraction increases as
surfactant concentration increases in the organic phase,
probably due to the fact that the reduction of the interfacial
tension produces suitable conditions for the reaction
between the carrier and the metal as their mutual contact
is prolonged. This fact also facilitates permeation of the
complex through the membrane. However, it is also seen
that the use of an unnecessarily high concentration of
Span-80 brought about a decrease of the initial metal
extraction rate. It seems that a higher interfacial resistance
would be generated as a larger number of surfactant and
carrier molecules compete at the interface for the
adsorption sites. The primary emulsion was not formed if
a surfactant concentration below 1.5% (w/w ) was used
to prepare the organic solution.

As pointed out previously,*** metal transport through
the membrane would proceeds by a mass transference
process accompanied by chemical reaction between the
metal and the carrier.

The results shown in this study confirm that the ELM
process is a promising alternative to other currently used
separation processes, especially for metal recovery from
dilute solutions, since it is simpler than conventional
solvent extraction (SX) and ion-exchange on solid resins
(IX) because the extraction and stripping operations are
combined and considerably less solvent is required.
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Conclusions

Cadmium(II) ions were efficiently extracted by means
of an emulsion liquid membrane using a stirred transfer
cell-type contactor at 25 °C. The choice of suitable carrier
was made based on extraction equilibrium considerations.
The liquid membrane was prepared by dissolving
D2EHPA (an alkylphosphoric compound) as extractant
carrier and Span-80 as surfactant in kerosene. It was found
that the extractant carrier concentration in the organic
phase had a positive influence on the extent of metal
extraction and on initial extraction rate. Increased metal
content in the feed metal-donor solution as well as
increased stripping agent in the internal aqueous acceptor-
solution affected only the initial transport rate. From the
experimental results the possible structure of the extracted
complex was determined and the apparent extraction
equilibrium constant was calculated.

The surfactant concentration used in the study
stabilized the emulsion membrane by reducing the
interfacial tension. Any unnecessary additional amount
of it would occupy the active sorption sites at the interface,
competing with the carrier molecules and affecting the
efficiency of metal transport.

The experimental results reported here show the ability
of the ELM method to be used for the recovery and/or
removal of valuable and toxic metals from dilute aqueous
solutions. The reduced amount of solvent required for
metal extraction and its metal enriching capacity, account
for the promising performance of this technology in
practical applications.
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