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A B S T R AC T

In this work a nanofi ltration membrane immersed in an electrolyte solution has been studied 
using impedance spectroscopy. In this technique the membrane is in contact with the same 
concentration at both sides, therefore there is not any ion transport through the membrane 
and, thus, it is possible to obtain electric and dielectric properties that would help to model the 
nanofi ltration process. Results allow obtaining the electrical properties of the whole system 
assumed as consisting in an equivalent electric circuit. Three relaxation times can be identifi ed 
and modeled with the aim of understanding the behavior of the solution inside the pores as 
a function of concentration. The pore permittivity decreases with increasing concentration 
due to confi nement effects, while the conductivity inside the pores increases rapidly for high 
concentrations due to the easy penetration of the ions into the pores.
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1. Introduction

Nanofi ltration membranes have extraordinary charac-
teristics that make them able to reject multivalent ions and 
transmit small uncharged solutes and low charged ions. 
Therefore, the characterization of the electric and dielec-
tric behavior of the membrane is one of the most impor-
tant aspects to study. Some experimental techniques have 
been applied with this aim like streaming potential [1,2], 
membrane potential (MP) [3,4] and impedance spectros-
copy (IS) [5,6]. With these methods it is basically possible 
to obtain the charge developed in the membrane by the 
ions, the mobility of the ions and the permittivity inside 
the pores. Moreover, some models have been developed to 
explain the extra rejection produced in nanofi ltration due 

to dielectric effects inside the pores of the membrane [7,8]. 
This theoretical description usually keeps the permittivity 
inside the pore as a fi tting parameter. This procedure gives, 
in most cases, reasonable values (permittivities below the 
free solution one) [9,10]. However, in certain conditions the 
fi tted permittivity reaches values that are diffi cult to under-
stand (higher than the solution outside the pores) [11,12]. 
This makes very interesting an independent measurement 
of pore permittivity of nanofi ltration membranes.

The impedance spectroscopy (IS) technique is typi-
cally used to study the electrical properties of complex 
materials [5,6]. The operation mode consists in intro-
ducing an electrical signal and performing a frequency 
scanning, and measuring the impedance of the system 
at such different signal frequencies. With IS, it is possible 
to obtain the different contributions of each layer of the 
membrane and also to characterize the electrical double 
layer. In this technique the system is modeled by an 

Presented at the VII Ibero-American Conference on Membrane Science and Technology (CITEM 2010), April 11–14, 2010,
Sintra, Portugal


