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SUMMARY

A three-scale model of dual-porosity type is proposed to describe contaminant transport in swelling
clays. The swelling medium is characterized by three separate length scales (nano, micro and macro)
and two levels of porosity (micro- and macro-pores). At the nanoscale the medium is composed of
charged clay particles saturated by a binary monovalent aqueous electrolyte solution occupying the
micro-pores. At the intermediate (micro) scale the two-phase system is represented in a homogenized
fashion with averaged microscopic equations governing the behaviour of the clay clusters (or aggregates)
regarded a two-phase mixture composed of clay particles and electrolyte solution. At the macroscale,
the microscale mixture of clay clusters is homogenized with the bulk solution containing non-electrolyte
species lying in the macro-pore system. The resultant macroscopic picture appears governed by a dual-
porosity model wherein the clay clusters act as sources=sinks of mass to the macro-pore system. Under
a local equilibrium assumption between the clay clusters and macro-pores, a quasi-steady version of
the dual-porosity model is derived. This framework combined with a three-scale picture of the colloidal
system allows to provide nanoscopic representations for the retardation coe�cient, governing the instan-
taneous adsorption=desorption of the ionic species in the micro-pores, in terms of the local behaviour of
the electrical double layer potential which satis�es a Poisson–Boltzmann-type problem at the nanoscale.
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1. INTRODUCTION

Swelling porous media such as 2–1 lattice clays, hydrophilic polymers, shales, and connective
biological tissues are ubiquitous in almost all aspects of life. For example, clay is one of the

∗Correspondence to: M. A. Murad, Laborat�orio Nacional de Computa�cão Cient���ca LNCC=MCT, Av Get�ulio Vargas
333, 25651-070 Petr�opolis, RJ, Brazil.

†E-mail: murad@lncc.br

Received 17 January 2000
Revised 18 September 2002

Copyright ? 2006 John Wiley & Sons, Ltd. Accepted 1 December 2005


