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A B S T R AC T

In the present work the extended Spiegler–Kedem model has been modifi ed to predict the per-
formance of the multiple solutes systems of nanofi ltration with high concentration solutes using 
osmotic coeffi cient for calculation of osmotic pressure on the membrane surface in non-ideal 
solutions. Furthermore, a new method has been proposed for solving the model by simulating 
the multiple solutes nanofi ltration systems using genetic algorithm (GA). The new method is 
independent of the number of solutes and data points and it is capable to predict the perfor-
mance of multiple solutes systems with high precision.
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1. Introduction

The transport of the solute through the membranes 
could be explained by irreversible thermodynamics. In 
this model, the membrane is considered as a black box and 
solute and solvent fl uxes are proportional to the chemical 
potential gradient between two membrane sides. Chemi-
cal potential gradient, as the only driving force here, is 
generated by pressure or concentration gradient. Model 
parameters include salt permeability, Ps, and the refl ec-
tion coeffi cient, s. Kedem and Katchalsky [1] introduced 
the relation between the volumetric fl ux, Jv, and the solute 
fl ux, Js, through a membrane by the following equations:

v p σ π= ⋅ Δ − Δ( )J L P
 (1)

s s vσ= ⋅ Δ + −(1 )J P C CJ  (2)

where s, Ps and Lp stand for the refl ection coeffi cient, solute 
permeability and pure water permeability, respectively. 

Eq. (2) shows that the solute fl ux is the sum of diffusive 
and convective terms. Convective transport takes place 
because of applied pressure gradient across the mem-
brane and the diffusive transport is due to the concen-
tration difference on both sides of the membrane. When 
high concentration differences exist between the rejection 
and the permeate, Spiegler and Kedem [2] used the above 
equations and presented the following equations:
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