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Abstract

The facilitated transport of lead(ll) through polymeric inclusion membranes consisting of cellulose triacetate as polymeric support, bis-
(2-ethylhexyl)-phosphoric acicb@enra) as carrier, and tris-(2-butoxyethyl)phosphate as plasticisar], is investigated. The influence
of some of the aqueous and membrane components on the permeability of Pb(Il) was studied. The maximum flux obtained with these
membranes is.3 x 10-® molm~2s~%, which is of the same order of magnitude of those reported for supported liquid membranes and is in
the upper range of those reported for polymeric inclusion membranes. Aqueous and membranes resistances were determined from a mode
that describes the transport mechanism across the membranes using the stoichiometric relation@hRRID&the extraction equilibrium
constant value of @ x 10~ determined independently by solid—liquid extraction. An activation energy of 11 kJ wals also determined
for Pb(Il) migration, which suggest that the transport of Pb(ll) is controlled by a membrane diffusion mechanism. Membrane characterisation
was performed using several techniques including atomic force microscopy, scanning electron microscopy coupled with energy-dispersive
spectroscopy, and thermal analysis.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction for about 30 years. Among the different liquid membranes
modalities, the supported liquid membranes (SLMs) have
The removal of toxic ions from waste waters is of great been widely used for the separation of a number of species
significance due to environmental and economical aspects.[2]. Whereas their lack of stability, which might prevent up-
The so-called heavy metals have been recovered with sepascale applications, has also been repof8d
ration methods based on solvent extraction (SX), which con-  Recently, cellulose-based polymericinclusion membranes
sume large amounts of organic extractants and solvents. In(PIMs), firstintroduced by Sugiufd], have received increas-
order to improve some of the drawbacks of solvent extraction ing attention as an alternative to SLM. Extraction of a number
processes liquid membranes have been used because of theaf species has been reported by several gr¢bp8]. PIMs
high transport rates, selectivity factors, and minimisation of have been reported to have better mechanical properties than
the required organic componerjis. traditional SLMs and good chemical resistafi@e The ad-
Single-stage extraction and back-extraction of a number dition of plasticisers is reported to improve the compatibility
of species with liquid membranes have been investigatedof the carrier with the polymer, and additionally improve
the brittleness and elasticity by creating a polymeric solution
"~ Corresponding author. Fax: +46 8 207681. [10]. Alj[hough PIMs have a higher internal viscosity than
E-mail addressgerman@mse.kth.se (G. Salazar-Alvarez). SLMs, it has been reported that, for a number of systems,
URL: http:/mww.mse.kth.se. the fluxes across both types of membranes are comparable
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[11,12] In other cases higher fluxes across PIMs have beenwhere HR represents theura species and the subscripts

reported13,14] m, membrane phase; i, interface; s, source solution.
Although the extraction of lead using PIMs with tailor- Hence, the flux of Pb(ll) across the membranes can

made carrierd6,15] and commercial carrierfl2,16] has be described applying Fick’s first law to the diffusion of

been reported previously, to our knowledge there are no ex-metal across the different interfaces. The metal flux at the

perimental reports on the transport of Pb(ll) witBenra sourcémembrane interface, is defined as

using SLMs and PIMs. However, Guarat al.[17] reported d[M ()]

the extraction of Pb(Il) withb2eHpPA using activated com-  Jy= —D, o - A;l([M(n)b] — [M(n)s.i]) 3)
posite membranes. These membranes are reported to have an
improved stability but present lower recovery rates. d[M(n _

P Y but p y Ja= —D MW _ o AN (M) (@)

In this work, the influence of some of the aqueous compo-
nents and membrane components on the transport of Pb(ll)
from nitrate medium using a PIM system based on cellulose
triacetate with a commercial carriardenpa) is investigated.

A model that describes the transport of lead across the mem-, _  d[M(n)]
brane is presented. Some of its parameters are fitted to the ex-™ — ™ dy
perimental data obtained in order to determine the maximum ~ _ AN M()msi] (5)
flux, the thickness and resistances of the boundary layers. m ms!
Parameters such as the stoichiometry of the transported comThe termsAn, and A, represent the resistances across the
plex and the equilibrium constant value are determined in an membrane phase and the aqueous phases, respectively. With
independent way by previous solid-liquid extraction exper- Ay = 8m/Dm and Az = 85/ Da, 8m is the thickness of the
iments. The chemical behaviour and the performance of themembrane layer, ang} the thickness of the agueous bound-
membrane are compared to other systems. Furthermore, thary layer, wherea®, represents the apparent diffusion co-
membranes are characterised in order to obtain informationefficient andD, represents the true aqueous diffusion coeffi-
regarding composition and to better understand membranecient.
performance. At steady state/,, = Jo = J, and thus, combining Egs.
(2), (3) and (5) considering the diffusion of mainly one
species in the membrane phase, the overall Jlisx given
2. Transport modelling by:

dx

where the subscript b stands for bulk concentrations. The
metal flux at the membrane phadg, is defined by

= A (IM(n)msi] — [M (), i])

. I 1(2+9)/2
In order to have a quantitative description of the transport ; _ JTaankEX[(H R)2.msil*+/

across the membranes, a model was developed based on a ~ Am[Hgi1? + Aakex[(H R)2.msi]¢T9/2
simplified method described elsewh§t8] and the following
assumptions:

(6)

or, if we consider the transport to occur under first-order ki-

netics, we can express the transport of lead in terms of perme-

(1) The interfacial chemical reactions are fHq]. ability, this is, the velocity at which the metal is transported

(2) Concentration gradients across the aqueous boundanas:
layers are linear.

(3) The concentration of species other than metal are the p = kex[(H R)2.msi] 92
same as in the bulk, since their concentration is used in Am[H:mi]z + Agkex](H R)2,msi]@9)/2
excess when compared to the metal ion.

(4) The metal concentration at the membrane-receiving in-
terface is negligible since there is a very low partition
coefficient and transport across aqueous layers is rela-
tively fast.

(7)

This equation shows the dependence that permeability has
with several parameters, which contain valuable informa-
tion on the limiting processes of the diffusion and chemical
reactions that are actually occurring in the membrane. The
aforementioned information is contained in (a) the maximum
The extraction proce$80] at the sourcgnembrane inter-  theoretical fluxin the membranefi{(ax), (b) the aqueous and

face can be represented by the following reaction: organic resistances and (c) the complex stoichiometry (de-
pending org) and extraction constant.

2+
P + %(H R)2(msi) = PbRegH Ramsi) + 2H5m))
1) 3. Experimental

with an equilibrium constankgy:

3.1. Chemicals
[Pb RegH Ramsi) Il H(fmi 2
k= S TR (S(Zi)q) v 2) Cellulose triacetate(a, Aldrich acetyl content 43.6 wt.%
[ (sm,i)][( )2(msi)] Mw = 72-74 kDa) was used as the polymer support for the
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