
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 19 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

International Journal of Polymeric Materials
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713647664

Phenomenological Equations of the Baromembrane Transfer of Strong
Electrolyte Solutions

To cite this Article (1998) 'Phenomenological Equations of the Baromembrane Transfer of Strong Electrolyte Solutions',
International Journal of Polymeric Materials, 41: 1, 131 — 135
To link to this Article: DOI: 10.1080/00914039808034861
URL: http://dx.doi.org/10.1080/00914039808034861

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713647664
http://dx.doi.org/10.1080/00914039808034861
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Intern. J .  Polymeric Mater., 1998, Vol. 41, pp. 131 - 135 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1998 OPA (Overseas Publishers Association) N.V. 
Published by license under 

the Gordon and Breach Science 
Publishers imprint. 

Printed in India. 

Phenomenological Equations of the 
BaromembraneTransfer of Strong 
Electrolyte Solutions 

Yu. G. MEDVEDEVSKIKHa, 0. J. BlLlNSKlY a, 

A. A.TUROVSKIYaand G. E. ZAIKOVbv* 

aPisarzhevskii Institute of Physical Chemistry, L’vov Department, 
Ukrainian Academy of Science, UI. Nauchnaya 3a, L’vov, 290047 Ukraine; 
bSemenov Institute of Chemical Physics, Russian Academy of Science, 
UI. Kosygina 4, Moscow, 117977 Russia 

(Received 8 July 1997) 

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 thenno- 
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 [ 13 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 Ki and 
anions A,) which are formed by dissociation of strong electrolytes 
according to the scheme: 

in which Zk and z,- charges of the cation and anion expressed in units 
of the electron charge; v k  and 21,- their stoichiometric coefficients in 
this electrolyte. They are linked by the relation ship 

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 (T= const.). 

Here: Js and Ls-flow and coefficient of transfer, and c, and pS--molar- 
volume concentration and chemical potential of the s-component of 
the solution; V=a/ax, 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 as and of 
the pressure P while in case of the ion components-also of the electrical 
potential G. Consequently, for the molecular (index rn) and the ion 
components of the solution the phenomenological Eq. (3) assumes the 
following forms; 

Jm = -Lmcm(vmVP+ RTVha,)/RT (4) 

Ja j  = -LajCaj(VajVP f RT V lnaaj + z,jFV@)/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) 
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In the stationary system (&/at= -VJ=O, J=const.) the equation of 
the connection (10) is easily transformed in to its integral form 

rn i i 

Here AP = PI’- P’  -the difference of the pressures in solutions before 
(PI) and after (P”) the membrane; L’=L/S, where &-effective 
thickness of the membrane or of its working layer. 

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

Using (5) and (6) in ( 1  2) we establish the functional dependence of the 
gradient of electric potential from other variables of the system 

At V P =  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 
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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 (xks,  YkS) and of the total 
characteristics of the solution ( Y ) .  

In polycomponent electrolyte solution the connection between the 
concentrations of ci ions and the concentrations of cs electrolytes 
ci = Csviscs and running out from it connection between their flows 
Ji = C,vkJ, 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 c = ck/vk 

= ca/va, J =  Jk/vk = Ja/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 =  -Lc(vVP+ RTVlna) (18) 

in which a = - activity, and v = VkVk + vava - 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) 
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