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ABSTRACT

The extraction of copper from acidic medium using Liquid Emulsion Membrane LEM as contactors was studied. £ di-
ketone LIX 54 as an extractant, sesqueoleate which is nonionic surfactant with HLB value 3.7 and 0.1 M H,SO, as
stripping solution were used. The influence of initial concentration of copper in the aqueous feed phase, pH of external
and internal aqueous phase, stirring speed, and concentration of extractant on the extraction rate was examined. The
results obtained showed that practically all the copper content was removed from the acidic feed solution. The recovery
of copper attained 96% - 100% and concentration ratios of about 40-fold could be achieved.
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1. Introduction

There is a general concern to minimize the discharge of
hazardous metals in waste streams. Aqueous waste stre-
ams contaminated with heavy metal ions are frequently
encountered from various industrial processes such as
mining and smelting, metal plating, metal finishing also
during attempts to remediate soil loaded with heavy met-
als. Precipitation technique is almost commonly used for
removal of metal species from waste streams. This tech-
nique is becoming unpopular because the products ob-
tained are not always of required quality and the process
produces a sludge that has to be disposed of in a landfill.
Solvent extraction is another widely used technique, but
it requires large amount of organic solvent and metal
extractant and becomes inefficient when the metal ion
concentration in the waste stream is low.

Liquid Emulsion Membrane (LEM) first invented by
Li [1] offers a promising technology for the separation of
heavy metal ions from aqueous solution. LEM removes
the equilibrium limitation of solvent extraction by com-
bining the extraction and stripping simultaneously in the
same time thereby achieving reduction of metal concen-
tration in the feed solution to a very low level. Further-
more, they reduce the amount of organic solvent and
metal extractant substantially. LEMs have been used to
treat aqueous waste contaminated with heavy metals like
copper, zinc, cadmium, chromium, etc. [2-4]. LEMs for
metal extraction are made by forming a water in oil
(W/O) emulsion, stabilized by a surfactant, the W/O
emulsion contains the metal extractant (carrier) in the oil
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phase and the stripping solution in the internal aqueous
phase. This emulsion is then dispersed by mild agitation
into a feed solution containing the metal ions to be ex-
tracted. After extraction, the loaded emulsion is separated
from the feed solution, demulsification yields an oil
phase that can be recycled. Electroplating or crystalliza-
tion could subsequently recover the heavy metal concen-
trated in the stripping phase. Removal of copper as Cu**
ions from aqueous waste solutions using LEMs has been
an area of interest ever since LEMs were invented. Most
investigators [5-8] preferred using chelating extractants,
such as LIX 63, LIX 64N, LIX 65, SME 529°, etc., be-
cause of their immiscibility with water. Economic evalu-
ion by Frankenfeld [9] showed that LEM extraction of
copper using LIX 64N turns out to be 40% cheaper than
solvent extraction. Earlier used copper extractants LIX
63, LIX 65, etc. are no longer commercially available.
[10-12] investigated copper extraction into LEMs using
the widely used extractant LIX 84 as carrier. Cognis Inc.
has introduced new copper extractants such as LIX 54,
LIX 860 and LIX 984 and their variants that show faster
kinetics, easier phase disengagement and strong extrac-
tion of copper even at low pH values of 1 to 2. LIX 54 is
particularly attractive for extraction of copper since it
combines the most desirable features of its components.
The extractive strength and fast kinetics of f-diketone
are combined with proven excellent physical perform-
ance and stability of f-diketone. In the present work, the
extraction of copper from aqueous acidic medium into
LEMs using LIX 54 as carrier is studied. The results
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present an overall idea of the optimal operating condi-
tions for copper extraction into LEMs [13-15].

2. Experimental
2.1. Chemicals and Reagents

The extractant LIX54 is supplied by Cognis (Ireland), to-
luene and surfactants (span80, sesquoleate and span85)
are supplied from Fluka AG. The other chemicals and
reagents used were of A.R. grade.

2.2. Membrane Preparation

Unless otherwise stated, the LEM used is prepared by
mixing 25 ¢cm’ of the organic phase which containing,
15% LIX 54 with 8% sesquioleate as a surfactant in to-
luene. To this mixture 25 cm’ of the stripping aqueous
phase solution (0.1 Sulfuric acid), was added. The emul-
sification was performed with an ultra high-speed ho-
mogenizer IKA, Ultra-Turrax T25, (USA). The rate of
emulsion stratification, without contacting the feed solu-
tion was 0.15% per hour Figure 1. The water in oil (W/O)
emulsion was then poured into the external aqueous
phase containing 50 mg/l Cu ions. The LEM system was
stirred with a magnetic stirrer of the type Cole palmer
(USA) of variable speed ranging from 150 to 750 rpm.
Samples were withdrawn from the external phase, and
the Cu concentration was analyzed by Atomic Absorp-
tion spectrometry, Model AA-6701F Shimadzu, Kyoto
(Japan). The permeation percent (%P) of Cu through
LEM was calculated by:
%P = [(C,— C)/C,] x 100

where C,is the initial concentration of metal ions in the
feed solution and C, is its concentration in the feed solu-
tion after time interval t. The stability of the prepared
LEM was studied in terms of the degree of leakage of a
Rohdamine dye as a tracer from the stripping solution to
the feed solution by the following expression,

%B = ([dye]ex,l/[dye]in,max) x 100
where B is the percent of emulsion breakage and [dye]e; is
the concentration of dye leaked from internal aqueous
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Figure 1. Schematic diagram of double emulsion liquid me-
mbrane process.
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phase to external aqueous phase and [dye]i, max T€presents
the maximum concentration of dye in external aqueous
phase when all dye leaked from internal aqueous phase to
external aqueous phase.

Unless otherwise stated the concentration of sesq- ui-
oleate (HLB value 3.7) was 8% v/v, stirring speed 450
rpm, the temperature was 298 K and the initial concen-
tration of Cu in the internal aqueous phase was zero.

2.3. Procedure

Batch liquid-liquid extraction experiments were carried
out by mixing equal volumes of the organic phase and
the aqueous phase (5 cm’® each) containing copper ions of
concentration of 100 mg/l unless otherwise stated. Equi-
librium was attained by shaking the two phases for 30
minutes using a mechanical shaker. Known sample por-
tions from aqueous phase were taken for metal ions de-
termination before and after equilibrium to determine the
extraction percent in the organic phase.

3. Results and Discussion
3.1. Liquid-Liquid Extraction

Extraction equilibrium was first examined to identify the
extraction behavior and the suitable conditions for Cu
extraction from acidic medium using LIX 54 as a carrier
and toluene as a diluent. The effect of pH on the extrac-
tion percent of Cu showed that the extraction percent
increases with increasing the pH of aqueous phase, the
optimum pH is 4.3 at which the CuSOj, started to be dis-
appeared and converted to Cu;SO4(OH), complex Fig-
ure 2. The effect of LIX 54 concentration on the extrac-
tion percent of Cu at pH 4.3 showed that, the extraction
percent increases with increasing the LIX54 concentra-
tion Figure 3.

Aqueous solutions of H,SO,, HCI1, NaOH, oxalic acid,
Sodium acetate and sodium citrate were examined as
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Figure 2. Effect of pH on the complex formation and ion sp-
ecies in the stirred tank.
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Figure 3. Effect of LIX 54 concentration on the extraction
percent of Copper.

stripping agents for Cu recovery from organic phase.
Table 1 showed that 0.1 M sulfuric acid is the most suit-
able stripper for recovery of copper from organic phase.

3.2. LEM Stability

Surfactants play an important role in the formation and
stability of liquid emulsion membrane. Different surfac-
tants were tested for investigation the stability of pre-
pared membrane. The leakage percent (%B) of the inter-
nal aqueous phase to the external aqueous phase due to
membrane break-up was obtained by plotting %B ag-
ainst time t as shown in Figure 4 Considerable leakage
was observed when the emulsion was dispersed at the
begining the extraction when using span 85 and span 80,
and %B increased with time [16,17]. The results revealed
that sorbitan sesquioleate is the best stabilizing agent for
prepared LEM. The effect of surfactant concentrations
(sorbitan sesquioleate) in the prepared LEM were studied
using different sorbitan sesquioleate concentrations var-
ies from 4% to 12%. Figure 5 showed that the stability
of LEM increases with increasing sorbitan sesquioleate
concentration but there is no major stability difference
between 8% and 12% therefore 8% sorbitan sesquioleate
concentration is selected as an optimum surfactant con-
centration not only to avoid the LEM swelling but also to
avoid the difficulty for breaking up the primary emulsion
to recover the extracted Cu [18].

3.3. Factors Affecting the Extraction of Copper
Using LEM

Based on the results obtained from liquid-liquid extrac-
tion of copper, and the stability of the liquid emulsion
membrane studies, the emulsion composition used during
the investigations of some important factors affecting the
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Table 1. Effect of different stripping agents on the recovery
of Cu.

Stripping agents (0.1 M) Stripping efficiency %

HCI 93
NaOH 16
H,SO, 97

Oxalic acid 13
Sodium acetate 8
Sodium citrate 1.5
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Figure 4. Stability of liquid emulsion membrane using diffe-
rent types of surfactant.
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Figure 5. Stability of LEM with different sorbitan sesquio-
leate concentrations.

rate of permeation of copper through LEM is the follow-
ing; unless otherwise stated: copper ion concentration in
the external aqueous phase was 50 mg/l copper at pH =
4.3, LIX 54 concentration was (15%) (v/v), nonionic
surfactant sorbitan sesquioleate 8% (HLB = 3.7) (v/v) in
toluene, ratio of organic phase to internal aqueous phase
was taken to be 1 (v/v), the emulsion phase volume to the
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external aqueous phase volume was 20:100 v/v, the tem-
perature is 25°C, the internal aqueous phase is 0.1 M
H,SO,, stirring speed is 450 rpm, emulsification speed
7000 rpm and emulsification time is 5 min.

3.3.1. Effect of pH in the External Phase

Figure 6 showed the effect of initial hydrogen ion con-
centrations of the external aqueous phase on the permea-
tion % of copper through LEM. Different pHs were used
ranging from 1.0 to 5.0. It was found that, the permeation
percent of copper increases with increasing pH. This may
be due to, the competition between positive charged ions
which are copper and hydrogen ions at the membrane feed
interface at high hydrogen ion concentration (low pH).

3.3.2. Effect of L1X 54 Concentration
As shown in Figure 7, the effect of LIX 54 concentration
on the permeation % of copper was studied using different
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Figure 6. Effect of pH in external phase on the permeation
% of copper.
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Figure 7. Effect of L1X-54 concentrations on the permeation
% of copper.
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concentrations of LIX 54 from 5% to 20% in toluene.
The results indicated that, the permeation % increases
with increasing the carrier concentration (LIX 54), this is
due to the fact that, with increasing LIX 54 concentration
in the prepared LEM, the formation of LIX 54/copper
complexes increased at the membrane/feed interface.
Therefore the concentration gradient increases in the pe-
ripheral oil layer, which increases the diffusion rate of
copper through LEM.

3.3.3. Effect of Stirring Speed

The effect of stirring speed on the permeation of copper
through LEM is shown in Figure 8. Different stirring
speeds were examined in the range 350 - 550 rpm. It was
found that permeation % of copper increases with incr-
easing the stirring speed from 350 to 550 rpm. This is
due to the fact that with increasing stirring speed, the nu-
mber of emulsion globules increases and drop diameter
of LEM in the stirring tank decreases. This leads to in-
crease the surface area of membrane phase therefore the
mass transfer resistances in the diffusion double layer
decreases in addition to the coalescence of the droplets is
assumed to be negligible when the external aqueous
phase solution is well stirred.

3.3.4. Effect of Membrane to External Aqueous Phase
Ratio
The effect of membrane to external aqueous phase ratio
on the permeation % of copper was studied by changing
the volume of membrane phase while keeping the vol-
ume of external aqueous phase constant as 100 ml. The
LEM volumes were 10, 25, 35 and 50 ml. Figure 9, sh-
owed that the permeation % of copper increases with
increasing the volume of membrane phase. This is due to
the fact that with increasing emulsion volume not only the
number of globules and surface area of LEM increases

100

9% Permeation

—u—350 1pm
—*— 450 1pm
20 —A— 550 rpm

0 T T T T T T T T
0 4 8 12 16
Time min

Figure 8. Effect of stirring speed on the permeation % of
copper.
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Figure 9. Effect of membrane to external aqueous phase ra-
tio.

but also the number of active sites of LIX 54 on the me-
mbrane phase increase which lead to increase the total
number of copper/LIX 54 complexes in the feed/mem-
brane interface.

3.3.5. Effect of Sulfuric Acid Concentration as
Stripping Phase

The results showed that the influence of sulfuric acid

concentration as stripping agent on the extraction percent

of copper is practically constant regardless of acid con-

tent in the stripping phase [19].

4. Conclusion

Copper removal from a waste stream by means of an
emulsified liquid membrane has been studied. An expe-
rimental method was used, which allowed evaluation of
the main variables. The liquid membrane was prepared
by dissolving LIX-54 as a carrier and Sesquoleate as a
surfactant. The membrane permitted a very efficient me-
tal removal from the feed solution into the strip liquor,
the experiments carried out in a batch-type stirred tank at
25°C. from the experimental results, it was deduced that
the statistically significant terms for copper transport
through the membrane are the membrane stability, ex-
tractant concentration, stirring speed of the double emul-
sion and membrane ratio. However, it is not possible to
increase the extractant concentration in the preparation of
membrane to unlimited way since an increase in the
absolute viscosity of the organic solvent occurs, produc-
ing a lower diffusion speed of the species, which affects
the metal mass transfer process. The higher the stirring
speed of the double emulsion, the smaller the size of the
emulsion droplets, therefore increases the interface area
for the extractant/metal reaction. Nevertheless, a maxi-
mum limit to raise this variable must be considered. An
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excessively high stirring speed produced coalescence,
and finally breakdown of globules, turning the primary
emulsion unstable. The concentration range of surfactant
used in this experimental method produced an efficiently
stabilized membrane. However, it did not have an effect
on the metal transport. The use of an unnecessarily high
content of the surfactant produces lower metal extraction
due to the generation of higher interfacial resistance. The
feasibility of removing low contents of metal in the ex-
tractor, using an emulsion liquid membrane, has been de-
monstrated in this work.
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