
Accepted Manuscript

Simulating Donnan equilibria based on the Nernst-Planck equation

Thomas Gimmi, Peter Alt-Epping

PII: S0016-7037(18)30198-4
DOI: https://doi.org/10.1016/j.gca.2018.04.003
Reference: GCA 10724

To appear in: Geochimica et Cosmochimica Acta

Received Date: 17 September 2017
Accepted Date: 3 April 2018

Please cite this article as: Gimmi, T., Alt-Epping, P., Simulating Donnan equilibria based on the Nernst-Planck
equation, Geochimica et Cosmochimica Acta (2018), doi: https://doi.org/10.1016/j.gca.2018.04.003

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.gca.2018.04.003
https://doi.org/10.1016/j.gca.2018.04.003


  

Simulating Donnan equilibria based on the Nernst-Planck
equation

Thomas Gimmia,b,∗, Peter Alt-Eppinga

aRock-Water Interaction, Institute of Geological Sciences, University of Bern, CH-3012 Bern,
Switzerland

bLaboratory for Waste Management, Nuclear Energy and Safety, Paul Scherrer Institut, CH-5132
Villigen, Switzerland

Abstract

Understanding ion transport through clays and clay membranes is important for many
geochemical and environmental applications. Ion transport is affected by electrostatic
forces exerted by charged clay surfaces. Anions are partly excluded from pore water
near these surfaces, whereas cations are enriched. Such effects can be modeled by the
Donnan approach. Here we introduce a new, comparatively simple way to represent Don-
nan equilibria in transport simulations. We include charged surfaces as immobile ions in
the balance equation and calculate coupled transport of all components, including the
immobile charges, with the Nernst-Planck equation. This results in an additional diffu-
sion potential that influences ion transport, leading to Donnan ion distributions while
maintaining local charge balance. The validity of our new approach was demonstrated
by comparing Nernst-Planck simulations using the reactive transport code Flotran with
analytical solutions available for simple Donnan systems. Attention has to be paid to
the numerical evaluation of the electrochemical migration term in the Nernst-Planck
equation to obtain correct results for asymmetric electrolytes. Sensitivity simulations
demonstrate the influence of various Donnan model parameters on simulated anion ac-
cessible porosities. It is furthermore shown that the salt diffusion coefficient in a Donnan
pore depends on local concentrations, in contrast to the aqueous salt diffusion coefficient.
Our approach can be easily implemented into other transport codes. It is versatile and
facilitates, for instance, assessing the implications of different activity models for the
Donnan porosity.
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