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Differential phenomenological equations of mass transfer of strong electrolyte solutions
for baromembrane process are developed and discussed.
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INTRODUCTION

The equation of flow, based on the phenomenology of thermo-
dynamics of the irreversible processes governs the transport of the
molecular as well as of the ion components of the solution. The
chemical potential of the molecular components is the function of the
pressure and activity, while the potential of the ions — also a function
of the electric potential. Using the Gibbs-Durham equation and the
condition of the electro neutrality of the environment and the total
change flow, the equation of the connection between the flows is
obtained and the functional dependence of the electric potential
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gradient from the other variables of the statuary system is established.
The reverse substitution of this dependence into the determinative
equation allowed us to present the ions flow as the function of the
pressure and the composition of the solution. It is shown that in
general case of the poly component on electrolytes solution it is
impossible to establish the correspondence between flows of the ions
and electrolytes. The particular equation of the single electrolyte flow
[with the common ion and one electrolyte] in the solution with the
molecular components is suggested.

THEORY AND DISCUSSION

The membrane technology is most widely used for the purification of
aqueous solutions of salts in the processes of reverse osmosis. Because
of the difference of ions mobility at their transfer through the
membrane the solutions before and after the membrane have the
excess charge of the opposite polarity. The jump of the electric
potential, which takes place, evens the flows of the opposite charges
and its stationary value is the function of the other parameters of the
process. As we know none of the general models of the baromembrane
process 1] shows this functional connection based on the equations of
transfer of strong electrolytes.

Lets consider the polycomponent solution, which consists of the
molecular not dissociating components and ions (of the cations K; and
anions A;) which are formed by dissociation of strong electrolytes
according to the scheme:

KugAvg = ueK ' + 1,4 (1)

in which z; and z,- charges of the cation and anion expressed in units
of the electron charge; v, and v,—their stoichiometric coefficients in
this electrolyte. They are linked by the relation ship

UZk + UgZa =0 (2)

For the molecular as well as for ionic compounds of the solution we
use the equation of the flow, based on the phenomenology of the
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thermodynamics of irreversible process (7'=const.).
Js = —(Ls/RT )V s (3)

Here: J, and L,—flow and coefficient of transfer, and ¢, and p,—molar-
volume concentration and chemical potential of the s-component of
the solution; V=490/0x, where x-coordinate of the transfer at
perpendicular to the surface of the membrane.

At constant temperature the chemical potential of the molecular
components of the solution is the function of their activities a, and of
the pressure P while in case of the ion components-also of the electrical
potential 1. Consequently, for the molecular (index m) and the ion
components of the solution the phenomenological Eq. (3) assumes the
following forms;

Jm = - mcm(vaP+ RTVInam)/RT (4)
Jei = —Liicki(vie VP + RTV Inay; + zuF V) [RT (%)
Jaj = —Lajcaj(vajVP 4+ RTVIn Ay + ZajFVd))/RT (6)

where v—partial-molar volume of the corresponding component of the
solution, F—Faradays constant.

Using the Gibbs-Durham Eq. (7) the condition of electro-neutra-
lity (8) and the relation between molar-volume concentrations (9)
from (4-6) we obtain the equation of the connection between the
flows (10)

ZcmVInam + ch,-Vlnak,-—I— anjv Inag,; =0 (7)
m i i
Z CiiZki + z CaZaj =0 (8)
i J

D emvmt Y Cuivki+ Y Caivay = 1 )
m i J
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> In/Lm+ Y Jii/Lii+ Y Joj/ L= ~VP/RT  (10)
m i J

In the stationary system (9c¢/0t=—VJ=0, J=const.) the equation of
the connection (10) is easily transformed in to its integral form

> Tn/Li+ 3 S/ L+ > Jy/Ly = ~AP/RT (1)
m i _l

Here AP= P"—P’—the difference of the pressures in solutions before
(P') and after (P") the membrane; L'=L/é,, where 6,,—effective
thickness of the membrane or of its working layer.

In stationary system the ions flows must be static. Therefore in
addition to (10), one more equation of connection, coming from the
condition of electro-neutrality of the summary charge flow must be
included.

ZJ;(; Zki+ZJaj ZajZO (12)
i j

Using (5) and (6) in (12) we establish the functional dependence of the
gradient of electric potential from other variables of the system

~-FVy
_ Zi Lki Zki Cki(Vk[VP/RT+ Vin aki) + Zi ng Zaj caj(v,,jVP/RT+ Vin aaj) (13)
i Lii 2 ki + 325 Ly 2 5ycas

At VP=0 (13) presents the gradient of diffusion potential on the
border of two solutions. The reverse substitution (13) in (5) and (6)
allows us to present the flow as the function of the pressure and
composition of the solution. For example for s-cation we have

Jis = L Cks(XkSVP/RT—F Yks)/Y, (14)

Xy = Z L zii Cki(zki Vks — Zks Vki) + Z Laj Zgj caj(zaj Viks — Zks Vaj)a (15)
i 7
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Yis = Z Lii zi iz V In ags — 2k V Inag)
i

16
+ Z Ly 247 €aj(24;V In as — 2isV Inag;), (16)
j
Y= Z Lii 2300 + Z Ly Z§jca,-- (17)
i J

According to (14-17) the flow of ion in destination from the
molecular flow component of the solution (see Eq. (4)) depends not
only from its own parameters of the ion, but also from their
relationship with all other parameters (X, Yis) and of the total
characteristics of the solution (Y).

In polycomponent electrolyte solution the connection between the
concentrations of ¢; ions and the concentrations of ¢, electrolytes
¢; = Yyvic, and running out from it connection between their flows
J; = XyuiJy is not reciprocally synonymous. Therefore, knowing from
(14-17) the flows of ions we may not simultaneously determine the
flows of the electrolytes. Finally in one component electrolyte solution
the correspondent connections are reciprocally synonymous ¢ = cx/uy
= CofVa J = Ji/Ur = J /v, Using them and omitting the summarizing of
ion indices in (14—17), we obtain the equation of the flow of
electrolyte in the solution:

J=—Le(WP+ RTVIna) (18)

in which a= a*a” —activity, and v=uvv;+v,v,—partial molar
volume of electrolyte.

Thus, only in this particular case the equation of the flow of strong
electrolyte acquires the same simple form as the Eq. (4) of the flow of
molecular components of the solution, expressed for the electrolyte by

(19
L= LkLa/(’UkLa + ’UaLk) (19)
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