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INTRODUCTION

Over the last decades, lead is used in different industrial
applications as manufacturing of batteries and explosives.
Removal of lead from contaminated aqueous waste resulting
from its wide applications is of great concern because it has a
highly toxic behaviour especially for children. Different methods
have been used for the removal of lead from contaminated
aqueous waste like chemical precipitation, adsorption, ionic
exchange and solvent extraction1. Emulsion liquid membrane
reported by Li2 has a great approach for removal, separation
and preconcentration of metal ions including heavy metals.
Emulsion liquid membrane technique has been widely used
to remove dissolved metals due to its high separation efficiency
and its potential application variety, studies in this respect being
of great interest3-23. Tests were carried out to remove radioactive
elements like uranium and uranium products from nuclear
wastes24,25 using liquid membranes technique. The components
of the emulsion liquid membrane systems are: solvent, emul-
sifier, receiving aqueous phase, source phase (aqueous phase
in which are dissolved the components to be separated) and
carrier in the processes with facilitated transport. The three
liquid systems are stabilized by an emulsifier at a concentration
of 1-5 %, depending on the liquid membrane. Receiving phase
is emulsified in an organic solvent under vigorous stirring.
The primary emulsion formed is stable, due to a microscopic
droplet size of receiving phase (1-10 µm) and due to its high
specific emulsifier content. After that, the prepared membrane
is mixed with the external aqueous phase containing the metals
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to be extracted. For this purpose, the emulsion is dispersed in
the source phase, under gentle stirring. The mixture is slowly
stirred to form larger drops of primary emulsion in the source
phase. The diameter of these drops is of the order of 0.1-2
mm. This paper aims at studying the possible retention of lead
ions from synthetic aqueous solutions by emulsion type liquid
membrane technique (ELM).

EXPERIMENTAL

The reagents used were of high pure analytical reagents.
Liquid solutions were prepared using deionized water. The
carrier di-2-ethylhexyl phosphoric acid was obtained from
Merck. All surfactants used and the stripper H2SO4 acid were
obtained from SDFCI. The diluents were purchased from Poch.
Lead salt was obtained from alpha chemicals and its aqueous
solutions were prepared by dissolving its nitrate salt in deio-
nized water. Ammonium acetate was obtained from Honeywell.
The hydrogen ion concentration of the different solutions was
measured accurately using a digital pH meter of the type (Hanna
Instruments 8417, Italy).

Liquid-liquid extraction preparations and investiga-
tions: Liquid-liquid extraction of lead was investigated by
adding equal volumes (25 mL) of aqueous and organic solutions
in thermostatic shaker at 25 °C for 1 h, the aqueous and organic
phases have been separated using centrifugation and the aqueous
phase was analyzed for lead using spectrophotometer (Shimadzu
model 160A double beam UV spectrophotometer) and PAR
reagent26.The distribution ratio (D) and the extraction percen-
tage (% E) were calculated by the relations:



D = C0-Ce/Ce (1)
%E = [(C0–Ce)/C0] × 100 (2)

where C0 is initial lead concentration in the aqueous solution
and Ce is lead concentration after equilibrium.

Liquid emulsion membrane preparations and stability
studies: Preparation of liquid emulsion membrane was carried
out by preparing 25 mL of the extractant dissolved in appro-
priate solvent mixed with 1 mL of the suitable surfactant. To
this solution, another 25 mL of the stripper dissolved in deioni-
zed water was added. The solution was then emulsified using
ultrahigh speed homogenizer at stirring speed of 11500 rpm
for about 6 min to form the emulsion membrane. The prepared
membrane was then mixed with the external aqueous phase
containing lead and stirred with a magnetic stirrer of variable
speeds. Analysis of lead was carried out by following its con-
centration in the feed solution at different time intervals. The
stability of the prepared emulsion liquid membrane was inves-
tigated by following the degree of leakage of a tracer (yellow
dye) from the internal aqueous phase to the external aqueous
phase by the following expression27:

%E = ([Tracer]ext / [Tracer]in) × 100 (3)
where E is the per cent of emulsion breakage and the subscripts,
ext and in, represents the external and internal aqueous phases,
respectively. The operating conditions, unless otherwise stated,
were; initial concentration of Pb(II) ions 100 mg/L in 0.01 M
ammonium acetate solution; the organic phase was 6 % di-2-
ethylhexyl phosphoric acid (HDEHP) in cyclohexane and the
stripping phase was 0.1 M H2SO4.

RESULTS AND DISCUSSION

Liquid-liquid extraction investigation: Batch solvent
extraction investigations were firstly started to study the extrac-
tion of Pb(II) by HDEHP in cyclohexane. The parameters
affecting the extraction of lead have been investigated. The
general conditions used for such study were as follows unless
otherwise stated: the aqueous phase was 100 mg/L of Pb(II)
in 0.01 M ammonium acetate and the organic phase was 6 %
HDEHP in cyclohexane. The carrier HDEHP is known to dimerize
in non-polar solvents as reported by Guezzen and Didi28 and it
works during the extraction reaction as a cation exchange. The
extraction of lead ions at low acetate concentration may be
represented by eqn. 4 as follow29:
Pb2+

aq + OAc-+ 2(HR)2,org = [Pb(OAc).(HR2).2HR]org + H+
aq   (4)

Effect of hydrogen ion concentration in feed solution:
A liquid-liquid batch extraction of 100 mg/L of Pb(II) ions in
0.01 M ammonium acetate media by 6 % HDEHP in cyclo-
hexane at different pH’s ranges from 1 to 8 was investigated.
The pH of feed solution was adjusted using nitric acid and
ammonia solutions. Fig. 1 shown that the extraction yield
increases with increasing the pH with maximum extraction of
99 % at pH 5. The increase in the extraction percent of lead
with increasing the pH value is referred to the fact that as the
acidity decreases the completion of hydrogen ions with the
metal ions decreases and the extraction increases30.  It should
be mentioned that, the results obtained at pH higher than 5.0
is not due to lead extraction, but due to its absence in the aqueous
phase as a result of its precipitation at pH higher than 5.0. So,
pH 5.0 is taken as the best result.
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Fig. 1. Extraction of 100 mg/L Pb(II)/0.01 M ammonium acetate by 6 %
HDEHP/cyclohexane at different pHs

Effect of di-2-ethylhexyl phosphoric acid concen-
tration: The effect of carrier concentration plays an important
role in the extraction process. 100 mg/L lead in 0.01 M ammo-
nium acetate was adjusted to pH 5 and extracted with different
concentrations of HDEHP from 2 to 8 % (v/v). The data pre-
sented in Fig. 2. It was found that an increase in extractant
concentration from 2 to 6 % leads to a high increase in extraction
rate as a result of increasing carrier capacity. With increasing
HDEHP concentration from 6 to 8 %, there was no effect on
the extraction rate, as a result, 6 % HDEHP was used for the
optimum results.
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Fig. 2. Effect of HDEHP concentration on the extraction % of 100 mg/L

Pb(II) in 0.01 M ammonium acetate at pH 5

Effect of type of stripping agent: Stripping of the extracted
lead species from their organic phases was investigated using
different stripping agents. The data obtained showed that 71,
86 and 92 % of lead were recovered using 0.5 M aqueous
solutions of HCl, HNO3 and H2SO4 respectively. So, H2SO4

was chosen as a stripper.
Effect of striping agent concentration: Different H2SO4

concentrations were investigated (0.01-2 M) for the recovery
of lead from the organic solution as shown in Fig. 3. It is clear
that, the stripping efficiency of Pb(II) increases rapidly with
increasing the concentration of H2SO4 from (0.01-0.1 M) due
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Fig. 3. Effect of different concentration of H2SO4 on stripping of Pb(II)
from HDEHP/cyclohexane

to the increase of hydrogen ion concentrations which enhance
the reversible reaction direction. Further increase in stripper
concentration from (0.1-2 M) shows no effect on the stripping
efficiency.

Liquid emulsion membrane preparation and stability
measurements: One of the most important factors which affect
the extraction of metal ions by emulsion liquid membrane is
the membrane stability. Membrane leakage decreases the
extraction efficiency due to release the extracted metal ions
from the internal aqueous phase to the feed solution (external
aqueous phase)31. It was found that, surfactants play an impor-
tant role in stabilization of emulsion liquid membranes to give
an good emulsion stability during metals transferring stage.
Therefore, studying the role of surfactants types and concen-
tration on the membrane stability is of main concern

Effect of surfactant types on the stability of liquid emul-
sion membrane: Different surfactants with constant concen-
tration of 2 % v/v namely; Span-80, Arlacel-A and Span-20 were
used for this investigation. The amount of yellow dye leaked
from the internal aqueous phase to the feed solution as indictor
for membrane stability was studied as a function of time as men-
tioned before. From Fig. 4, Span-80 was chosen as a surfactant
because it gives the most stable emulsion liquid membrane.
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Fig. 4. Effect of different surfactant types on the stability of emulsion liquid
membrane

Effect of surfactant concentration on liquid emulsion
membrane stability: Different Span-80 concentrations were
tested in the range from 0.6 to 2 % for the stability of liquid
emulsion membrane. It is clear that the stability of liquid
emulsion membrane increases by increases the concentration
of Span-80 (Fig. 5). This is because the adsorption of surfac-
tant to a greater extents which form more compact and more
strongly adsorbed interfacial film of surfactant molecules. It
should be mentioned that, increasing the surfactant concen-
tration to 2 % shows no significant increase in the stability of
the membrane.
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Fig. 5. Effect of Span-80 concentrations on the stability of emulsion liquid
membrane

Permeation of lead through the prepared emulsion
liquid membrane: The results obtained from both the batch
solvent extraction and membrane stability studies were used to
prepare stable liquid emulsion membrane systems for studying
the removal of lead from aqueous waste solutions. The general
conditions used for such study were as follows unless otherwise
stated: a 100 mL of a feed solution of 0.01 M ammonium
acetate containing 100 mg/L lead adjusted to pH 5, 10 mL of
emulsion liquid membrane prepared from 6 % HDEHP and
1.8 % v/v of Span-80 in cyclohexane together with 0.1 M
H2SO4. All experiments were carried out at 25 °C. The main
factors affecting the permeation of lead through emulsion
liquid membrane were studied. All the data obtained were
illustrated as plots of the permeation % vs. time.

Effect of rotating speed of mixing the two phases: The
effect of the rotating speed of mixing the feed solution with
the membrane phase on the permeation of lead through the
emulsion liquid membrane was studied at 300, 350 and 400
rpm. The permeation % of lead was found to be increase with
increasing the stirring speed from 300 to 350 rpm (Fig. 6).
This could be explained by formation of small globules with
larger interface area leading to high mass transfer of the
extracted metal ions. Maximum permeation was achieved at
the speed of 350 rpm after 6 min. When the stirring speed was
raised to 400 rpm, the permeation of lead was decreased. This
may be due to, high stirring speed could increase the water
transfer into the membrane, thus increasing the membrane
swelling and hence the leakage per cent32.
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Fig. 6. Effect of rotating speed of mixing the two phases

Effect of hydrogen ions concentrations in the feed
solution: The effect of hydrogen ions concentrations in the
feed solution (from 2 to 5) on the permeation % of lead through
liquid emulsion membrane was studied (Fig. 7). The data
showed that the permeation % of Pb(II) increases with the
increase in pH from 2 to 5. This is because at low pH (high H+),
the hydrogen ions compete with the lead ions at the membrane-
feed interface which decrease the permeation rate of lead25.
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Fig. 7. Effect of hydrogen ion concentrations at the external aqueous phase

Effect of ammonium acetate concentration in the external
aqueous phase: The effect of ionic strength was investigated
by studying the effect of ammonium acetate concentrations in
the ranges from 0.01 to 0.1M on the permeation of Pb(II)
through the emulsion liquid membrane (Fig. 8). It is clear that,
the permeation % of lead decreases with increases the concen-
tration of ammonium acetate from 0.01 to 0.1M. This is
because increasing the concentration of ammonium acetate in
the feed solution may increase the competition of ammonium
ions with lead ions; hence decrease its permeation33.

Effect of di-2-ethylhexyl phosphoric acid (HDEHP)
concentration: The effect of HDEHP concentration in the range
of 3-7 % on the permeation rate of Pb(II) through emulsion
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Fig. 8. Effect of ammonium acetate concentrations at the external aqueous
phase

liquid membrane had been studied (Fig. 9). It was found that
the permeation rate of lead through the emulsion liquid memb-
rane increases with increases the carrier concentration due to
increase the lead-carrier complex at the feed-membrane
interface which will cause an increase in the concentration
gradient in the peripheral oil layer, hence, the rate of permeation
of lead increases.
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Fig. 9. Effect of HDEHP concentration

Effect of sulfuric acid concentration (stripping agent)
in the internal aqueous phase: The effect of H2SO4 concen-
tration in the internal aqueous phase in the range 0.05-0.5 M
on the permeation % of Pb(II) through emulsion liquid memb-
rane is given in Fig. 10. It is clear that the permeation of lead
increases with the increase of H2SO4 concentration from 0.05
to 0.5 M due to increasing the capacity of the internal aqueous
phase by increasing its concentration, which delays the accu-
mulation of lead-carrier complex in the peripheral oil layer.
Hence the concentration gradient of the complex in the memb-
rane increases leading to increase in the rate of permeation of
lead34. Since the permeation rate was nearly the same at 0.1
and 0.5 M H2SO4, 0.1 M H2SO4 was chosen as the best concen-
tration for lead permeation.
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Fig. 10. Effect of sulfuric acid concentrations at the internal aqueous phase

Effect of membrane volume at constant feed volume:
The effect of the membrane volume at constant feed volume
of 100 mL on the permeation rate of lead through emulsion
liquid membrane is given in Fig. 11. The ratios taken were
5:100, 10:100 and 15:100 v/v. It is clear that the permeation
rate of Pb(II) increases with increasing the membrane volume.
This could be explained on the basis of increasing the carrier
concentration as a result of increasing the membrane volume
which increases the total surface area available of the memb-
rane globules.

P
er

m
e

at
io

n 
(%

)

0 2 4 6 8 10
0

20

40

60

80

100

Time (min)

 0.05 % (v/v)
 0.10 % (v/v)
 0.15 % (v/v)

Fig. 11. Effect of membrane volume at constant feed volume

Effect of initial lead concentration in the feed solution:
The effect of lead concentration in the feed solution on its
permeation through the membrane is given in Fig. 12. The
concentration of lead was changed from 50 to 300 mg/L. The
result obtained showed that the rate of permeation of lead
through the emulsion liquid membrane decreases with the
increase in its concentration. This is due to the rapid saturation
of the internal aqueous phase with lead as a result of increasing
its concentration in the feed solution, which causes a slowdown
in its permeation rate through the emulsion liquid membrane.

Effect of preloading the internal aqueous phase with
lead: Generally in a pilot plant of extraction and separation
by emulsion liquid membrane process, the emulsion is not
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Fig. 12. Effect of initial lead concentration in the external aqueous phase

demulsifying unless it was saturated completely with the
permeated metal. The used membrane is brought into contact
with a new feed solution till complete saturation. A series of
experiments were carried out using an emulsion previously
preloaded with lead ions (50-200 mg/L) in the internal aqueous
phase (Fig. 13). The result obtained showed that the permeation
% of lead decreases with the increase of lead concentration in
the internal aqueous phase. This is due to saturation of the
internal aqueous phase with lead which decreases its permea-
tion rate.
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Fig. 13. Effect of preloading the internal aqueous phase with lead

Conclusion

Removal of lead from aqueous waste is of great concern
due to its hazardous effect. Liquid-liquid extraction and stripping
experiments of lead showed that Pb(II) is extracted from
0.01 M ammonium acetate media at pH 5 by 6 % HDEHP in
cyclohexane with an extraction yield of 99 %. Extracted Pb(II)
species was stripped by 0.1 M H2SO4 solution. These conditions
were used as the basis to prepare emulsion liquid membrane
system for removal of lead from liquid waste. Stability studies
for the prepared membrane showed that the prepared emulsion
liquid membrane is stable for 30 min when 1.8 % Span-80 is
used as a surfactant; emulsification speed of 11500 rpm for 6
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min; at 25 °C. The previous conditions were used to study
the permeation of lead through the prepared liquid emulsion
membrane system. The different parameters affecting the
permeation rate of lead through the emulsion liquid membrane
system were studied. The optimum conditions for permeation
of lead ions were as follows; 6 % HDEHP as a carrier diluted
with cyclohexane, 0.1 M H2SO4 as an internal aqueous phase,
1.8 % v/v Span-80 as a surfactant and 0.01 M ammonium acetate
at the external aqueous phase adjusted to pH 5. Using the best
conditions 10 mL of prepared emulsion liquid membrane can
extract about 99 % of 100 mg/L of lead from its dilute acetate
solution after 10 min.

REFERENCES

1. R. Sabry, A. Hafez, M. Khedr and A. El-Hassanin, Desalination, 212,
165 (2007).

2. J.W. Franhenfeld and N.N. Li, in ed.: N.N. Li, Wastewater Treatment
by Liquid Ion Exchange in Liquid Membrane System, In: Recent Develop-
ments in Separation Science, CRC Press, Boca Raton, Vol. 3, pp. 285-
292 (1977).

3. S. Vijayakumar, M. Ravindram, M. Chanda and J.R. Mudakavi, Removal
of Heavy Metals from Effluents by Competitive Facilitated  Transport
using Liquid Membranes, Proceedings of ISEC'93, York, UK, vol. 2,
p. 896-902 (1993).

4. A. Almela, M.P. Elizalde and M.K. Kamel, Cadmium Removal Using
Liquid Emulsion Membranes Containing Cyanex-302, Proceedings of
ISEC'96, Melbourne, Australia, vol. 2, p. 959-964 (1996).

5. S.A. El-Reefy, Y.T. Selim and H.F. Aly, J. Radioanal. Nucl. Chem.,
228, 21 (1998).

6. J. Dolezal, C. Moreno, A. Hrdlicka and M. Valiente, J. Membr. Sci.,
168, 175 (2000).

7. F.J. Alguacil, A.G. Coedo and M.T. Dorado, Hydrometallurgy, 57, 51
(2000).

8. J. Fang, M. Li and Z. Xu, Sep. Sci. Technol., 38, 3553 (2003).
9. N. Othman, H. Mat and M. Goto, J. Membr. Sci., 282, 171 (2006).
10. A. Kargari, T. Kaghazchi, B. Mardangahi and M. Soleimani, J. Membr.

Sci., 279, 389 (2006).
11. R.A. Kumbasar and O. Tutkun, Hydrometallurgy, 75, 111 (2004).

12. K.H. Lee, D.F. Evans and E.L. Cussler, J. AIChE, 24, 860 (1978).
13. T. Kitagawa, Y. Nishikawa, J. Frankenfeld and N.N. Li, Environ. Sci.

Technol., 11, 602 (1977).
14. R.W. Baker, M.E. Tuttle, D.J. Kelly and H.K. Lonsdale, J. Membr. Sci.,

2, 213 (1977).
15. J. Draxler and R. Marr, Chem. Eng. Process.: Proc. Intensif., 20, 319

(1986).
16. M. Alaguraj, K. Palanivelu and M. Velan, J. Chem. Tech. Resear., 1,

722 (2009).
17. R.M. Izatt, J.D. Lamb and R.L. Bruening, Sep. Sci. Technol., 23, 1645

(1988).
18. K.M. Meera Sheriffa Begum, S. Saravanan and N. Anantharaman, J.

Chem. Technol. Metall., 41, 333 (2006).
19. M. Ruppert, J. Draxler and R. Marr, Sep. Sci. Technol., 23, 1659 (1988).
20. R.A. Kumbasar and S. Kasap, Hydrometallurgy, 95, 121 (2009).
21. M.S. Gasser, N.E. El-Hefny and J.A. Daoud, J. Hazard. Mater., 151,

610 (2008).
22. R.A. Kumbasar, Sep. Purif. Technol., 64, 273 (2009).
23. S. Bourenane, M.E.H. Samar and A. Abbaci, Acta Chim. Slov., 50, 663

(2003).
24. M. Teramoto, T. Sakai, K. Yanagawa and Y. Miyake, Sep. Sci. Technol.,

18, 985 (1983).
25. S.A. El-Reefy, Y.T. Selim and H.F. Aly, J. Radioanal. Nucl. Chem.,

228, 21 (1998).
26. E. Bobrowska-Grzesik and A.M. Grossman, Fresenius J. Anal. Chem.,

354, 498 (1996).
27. I. Miesiac, K. Schügerl and J. Szymanowski, J. Radioanal. Nucl. Chem.,

163, 181 (1992).
28. B. Guezzen and M. Amine Didi, Int. J. Chem., 4, 32 (2012).
29. B. Noorzahan, B. Fazlul, B.J. Shamsul and H. Kamaruddin, Int. J.

Phys. Sci., 7, 2905 (2012).
30. C. Kozlowski, W. Apostoluk, W. Walkowiak and A. Kita, Physiochem.

Probl. Min. Process., 36, 115 (2002).
31. M. Matsumoto, M. Goto, K. Kondo and F. Nakashio, J. Chem. Eng.

Jpn., 21, 318 (1988).
32. H. Mortaheb, M. Amini, F. Sadeghian, B. Mokhtarani and H. Daneshyar,

J. Hazard. Mater., 160, 582 (2008).
33. N.-E. Belkhouche, M. Amine Didi and D. Villemin, J. Solv. Extra. Ion

Exch., 23, 677 (2005).
34. M.A. Hasan, R.F. Aglan and S.A. El-Reefy, J. Hazard. Mater., 166,

1076 (2009).

3116  Shama et al. Asian J. Chem.


