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Abstract

An extensive study on removal of lead (I1) from agueous solution using an emulsion liquid membrane (ELM)
techniqueis presented. The study has highlighted the importance of emulsion stability for maximizing the removal
of lead (I1). The ELM consists of di-(2-ethylhexyl) phosphoric acid as a carrier, commercial kerosene as organic
solvent, span 80 as an emulsifying agent and sul phuric acid as stripping phase. The important factors studied which
affect the ELM stability and removal of lead are emulsification time (5-30 min), emulsification speed (1000-3000
rpm); the concentrations of surfactant (2-12 % v/v), carrier (1-12 % v/v), internal phase (0.25-3 molar H,SO,) and
the effect of volume ratio of the il phase to the stripping aqueous phase (O/A) (0.3-3.5). The results showed that
itispossibleto remove 99-99.5% of lead after 5 min contact timeby using ELM at the optimum operating conditions.
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1. Introduction

Hazardous wastes may account for approxi-
mately 2—20% of all wastesintheworld[1]. Some
of themost important categories of wastesarelig-
uid organic chemicals, solvents and heavy met-
als. The continuous use of heavy metalsinindus-
trial applicationswith the production of contami-
nated wastewaters is a serious environmental
problem. Asheavy metals are not biodegradable,
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they tend to accumulatein living organisms caus-
ing various diseases and disorders.

In particular, lead (1) is considered as highly
toxic heavy metal, which is commonly used in a
number of industrial applications such as storage
battery manufacture, television tube, printing pig-
ments, fuels, photographic material and explosives
manufacturing. Lead bearing wastewater resulted
from all these industries must be disposed off af -
ter treatment.
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Several attempts have been madetotreat such
typesof effluentsfor facilitating easy disposal, or
to recover the chemicals and recycle the process
water. Methods of purification are: chemical pre-
cipitation [2], adsorption [3], ionic exchange[4],
and solvent extraction [5] which are still in use.
However, industriesarelooking for competing al -
ternative technol ogieswhich may overcome some
of the inherent disadvantages of these methods.

One of the promising methods for the separa-
tion of such effluentsisthe emulsion liquid mem-
brane (ELM) process, invented by Li et al. [6],
about 30 years ago.

The main advantages of the ELM system are:
(a) high interfacial area for mass transfer, espe-
cialy at the inner oil-water interface, due to the
small size of the agueous phase droplets; (b) high
diffusion rate of the metal ion through the mem-
brane; (c) simultaneous performance of extrac-
tion (at the outer interface) and stripping (at the
inner interface) inthe same system, and (d) capa-
bility of treating a variety of elements and com-
poundsinindustrial setting at agreater speed and
with and ahigh degree of effectiveness, with vary-
ing contaminant concentrations and volume re-
guirements.

Many successful applications of ELMs for
separation processesin general, and especialy for
removal of heavy metal ions from wastewaters,
have been reported in the literature [7-9].

The main objective of thiswork isto investi-
gate the influence of various parameters affected
the emulsion liquid membrane formation and its
stability and testing the performance of the pre-
pared ELM onremoval of lead by using synthetic
solution with different concentrations.

2. Experimental and materials
2.1. Chemicals

The chemicals used are sorbitan monooleate
(span 80) from Sigma Chemical Co., bis-(2-
ethylhexyl) phosphoric acid [D2EHPA], Fluka,

Mr 322.43, product of the United States, sulphuric
acid[H,S0,] analar (BDH Laboratory Suppliers,
BH15 Ltd., England), hexamine[hexamethylene-
tetramine], (CH,),N, ADWIC, product of EI Nasr
Pharmaceutical Chemicals Co., MW 140.19, min.
assay 99%, n-heptane CH, (CH,), CH.,,, Lab-Scan,
Analytical Science, Analytical Reagent AR, as-
say (GC) 95%, lead nitrate Pb(NO,), L aboratory
Rasayan. Purified LR, MW 331.21, min. assay
99%, Prolabo, code: 26086.08 and xylenol orange
tetra sodium salt indicator.

2.2. Procedure

The experimental scheme has been classified
into two major parts. Thefirst part is the forma-
tion of the ELM and the determination of its sta-
bility by using different operating parameters. The
second part is concerned with the investigation
of the performance of the ELM on the removal of
lead from prepared synthetic solutions.

In 250 ml beaker, a 25 ml portion of di-(2-
ethylhexyl) phosphoric acid (D2EHPA) [1-12%
v/v] and sorbitan monooleat (span 80) [2-12%
v/v] in organic solvent (kerosene) are emulsified
at stirring speed [1000-3000 rpm] by means of a
motor-driven emulsifier. 25 ml of H_SO,[0.25—
3 molar] isadded drop wiseto the stirred organic
phaseuntil 1:1 volumeratio of organic membrane
solution to stripping solution. The solution is
stirred continuoudly for different time (5-30 min)
to obtain awhite ELM.

In 250 ml beaker, 10 ml of the prepared ELM
(organic phase and internal phase) isadded to 100
ml of external aqueous solution (purewater inthe
case of measuring the emulsion stability or lead
nitrate in the case of removal of lead). The con-
tents are stirred by means of jar tester stirrers at
variable speeds (100400 rpm) for a different
transfer time.

The double emulsion (W/O/W) is allowed to
be spontaneously separated by gravity in separat-
ing funnel and the feed phase (external aqueous
phase) is filtered through a whatman filter paper
(No. 42) to be analyzed.
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