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Abstract

A steady-state mathematical model with adjustable parameters is shown for
mediated transport through liquid membranes. A study of the concentration
change in the receiving (or source) phase allows determination of the equilibrium
constant corresponding to the chemical reaction at the interfaces as well as the

maximum initial flux through the membrane.

A liquid membrane is a liquid phase which separates two other liquid
phases in which the membrane is immiscible. Chemical species may pass
through the membrane if they have some solubility in the membrane;
this transport may be accomplished by simple diffusion or by mediated
transport. This process uses an active chemical carrier which can react
reversibly with the solute of interest (permeate), transports the permeate
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through the membrane, and releases it at the other boundary. There are
several review articles which describe this process in detail (I-5).

The most common mechanism proposed for the facilitated or medi-
ated transport is

k,
A+ BT AB (1)
k,

where A = permeating solute
B = active chemical carrier
AB = carrier-solute complex

and can be summarized as follows (6) (Fig. 1a):

(1) Reaction which describes the uptake of Permeate A and the
formation of the Complex AB at Interface 1.

(2) Diffusion of the complex across the membrane.

(3) Decomposition of the complex at Interface 2 and the release of A in
the receiving phase.

(4) Backdiffusion of the carrier.

The reactive processes at the interfaces are characterized by the reaction
rates (v, v_;) and (v,, v_,) (see Fig. 1b) associated wtih the rate constants
(ky, k_,) and (k,, k_,) by

v, = k,CiCis, v, = k,Chg

(2)
v_y = k_Cis, v_y = k_,CLCq
where C; (i = A, B, AB) represents the concentration of species i and
superscripts s and r refer to the source and receiving phases, respectively
(C, > C7). Since the chemical species involved in each interface are the
same, we have

k_|=kl and k_2=k2 (3)

We will denote C; as the total concentration of Carrier B in all its
forms. In most of the cases treated in the literature, B and AB are of about
the same size and the equal diffusivity assumption can be used with little
error, and so (7)
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FiG. 1. Simplified representation of the mediated transport of Permeate A by the active
Carrier B.



12: 58 25 January 2011

Downl oaded At:

160 IBANEZ, VICTORIA, AND HERNANDEZ
CT = CB + CAB (4)

In the steady state the concentrations of the different species in the
membrane are constant at each point of the membrane. The steady-state
assumption can be used when the concentration on each side of the
membrane varies slowly with time. If a rapid chemical reaction converts
the volatile Permeate A to a nonvolatile product at one boundary, then
the concentration of A at that point is zero; this, combined with a
constant source at the other boundary, would yield a steady-state flux
condition. On the other hand, when the concentration of A at the source
phase is large with respect to C,, saturation of the carrier in the
membrane is reached and a quasi-steady-state is established in the
membrane. In steady-state conditions at both interphases, we have

| = k,CCh = kiCha = 0
sc ‘ (5)
—2B) = k,CiCy — kChp = 0
or |,
Equations (4) and (5) lead us to
L _kecfch
AT+ kG
(6)
- kLCACr

AR TN+ kO

where k, = k,/k, is the equilibrium constant of Reaction (1) at the
interfaces.

The facilitated flux, defined as the number of moles of Permeant A
incorporated in the receiving phase/time, is due to the movement of
Complex AB, and it is given by the first Ficks law. Therefore

J = Ppp(Cias — Chs) (7

where P,p is the apparent permeability of AB through the membrane,
being a factor containing interface areas, the thickness of the diffusion
boundary layers, and the diffusion coefficient. Substitution of Eqs. (6) in
Eq. (7) and rearranigement gives
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- (CA—C
I = PagkCr (1 + k,C)0 + k,C) ®)
If C), = 0, the Eq. (8) reduces to
=7 _kGCy
J01 - ']max 1 + keC;‘\ (9)

which gives the initial flux from the source phase to the receiving phase
in the considered conditions, and where

Jmax = PasCr (10)

where J,,, is the maximum initial flux which corresponds to Cy = Ciy,
i.e., J.x would be reached if all the molecules of Carrier B are in the form
AB. When C, = 0, then

- — k.Cy

JO"" Jmaxl +keC:\ (11)

The next objective is the integration of Eq. (8) to yield the permeant
concentration in the receiving phase as a function of time, and from this
result to determine the transport characteristic parameters, such as Jy,,
and k,. Let us assume that the initial concentrations at the extra-
membrane phases are Cj, and Cf,, respectively (Cho > Cjig and both
large with respect to Cr), and that atz = 0 the membrane does not include
A.

If the system is closed, the total number of moles of permeate is
constant, so that if initially in the extramembrane phases there are N,
and N, , moles of permeate, we can write

Nio+ Nio =N, + N, + N} (12)
where N, (i = s, r, m) are the instantaneous values of moles of permeate in
the source phase, the receiving phase, and the membrane, respectively,
and so

Cf\.OVs + Czr\.OVr = CTAVS + CrAVr + CABVM (13)

where V; (i = s, r, m) are the corresponding volumes. Dividing by V, it
follows that
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Co=C4 + Cw, + Cppv,, (14)

with v, = V,/V,, v,, = V,,/V,, and C, = C%4 + Ci,, and where C,p is the
mean concentration of AB at the membrane, which in steady-state
conditions has a constant value that can be very small in comparison
with C4, and C’s, and so, for similar volumes of different phases, Cyzv,,
may be suppressed in Eq. (14), and also in the case of thin membranes
where V,, < V, and V,. Assuming to a first approximation that this is so,
then

Co=Ci\ + Ch, (15)
In every case, J is given by

dCy, _ _, dCy

J=V, i V, o (16)
From Egs. (8), (10), (15), and (16), we get
dcC, (Co — (1 +0,)C%)
vV “A 0 rJ™~A
" dt Imack e (1 +£.CH) + k(Cy—v,CL)) (17
Integrating Eq. (17) over the time range (0,r), we have
= kgCOUr Y Ar 32 [(U, - 1)
keJmnxt COVr 2(1 + U,) [(éA) (CA,O) ] + (1 + vr) ke
— M;] Ar _ A _1__[ L _&83__
G+ oy A~ Crdt Tkt o Y qaoy
A 1
Ci -
= b lke] m | —1+o (18)
1- v, é' _ 1
A 1+,

with €, = C%/C,.
Ifv, = 1 (extramembrane phases with equal volume), Eq. (18) becomes
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Tl o Co S0 (€7 = (Cho! = (Ca = Caol + [+
k, 2 L2 k. Cok:
Co] { 2C, -1 }}
+&o|p{ta— !
4] " 2ch, -1 (19

Equation (17) gives the instantaneous flux, J(¢). The transport rate, Q,
which is the net amount of the permeant transferred through the
membrane during a time interval ¢, is obtained from

= f T()dt (20)
0

When C,; in Eq. _(14) cannot be neglected Eq. (18) remains valid by
substituting €, by C, = C,/C, with &, = Cy — Cagv,,.

The characteristic parameters of the facﬂitated transport process are k,
and J,,,, and they may be determined from Eq. (19) (when v, = 1), writing
this equation in the form

@_&[lﬁe_l_ﬁ;ﬁo&]lln{ﬁ_}:q,m (21)
k, 2k, Coke 4 Jr 120, -1

with

C()U

o(r) = 'l(cA)z (Cho)* = (€4 = Cho)] (22)

The plot of experimental points [(1/7) In [(2C4 — 1)/2C%, — 1)], &)} and
the fit to them of an straight line gives &, from the slope and J,,,, from the
ordinate intercept.

Also, the characteristic parameters may be obtained by considering the
initial flux equations. For example, with Eq. (9) we can accomplish an
experiment where C, = 0 in spite of the flux through the membrane
system, so that it is necessarily a rapid chemical reaction converting the
Permeate A in a product insoluble in the membrane. In these conditions

dcCi

It = -v, %

(23)
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whose integration over (0,) leads to

J a0 = Ca 1 [ i\o]
max — —1 —Lhe 24
v, t + k.t n (O (24)

Adjustment of a straight line to the points [(C}, — C)/t, (1/¢) In (Ciy o/C3)]
allows us to obtain k, and J,, from the slope and ordinate intercept,
respectively.
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