Zeta potential: a new tool for assessing the properties of clays?
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Important properties of cohesive clays, like flocculation ability, Cation Exchange Capacity (CEC),
sedimentation and compaction behaviour are linked to the interfacial properties of the constitutive
clay particles. One of the most important properties is surface charge, responsible for clay-clay and
clay-(poly)ions interactions. A measure of this surface charge is the zeta potential.

The zeta potential is a parameter that can be obtained from electrokinetic experiments, i.e.
measuring the response of a sample to the application of an electric field. One of the most popular
electrokinetic techniques for assessing the zeta potential of particles suspended in a liquid is
electrophoresis, where the zeta potential is extracted from the velocity at which the particles travel
under influence of the electric field.

The link between surface charge and zeta potential has long been established (Sposito, 1984), as is
the relation between surface charge and flocculation (Overbeek, 1952). These relations between
surface charge - zeta potential - flocculation are however extremely complex, as they are
challenging from a theoretical point of view and because some parameters required in the theory,
like ionic interactions close to the particle’s surface, are very difficult to assess experimentally.
Progresses have been made in the recent years, both experimentally and theoretically.

Many different clayey systems have been investigated in detail experimentally, and the relations
between zeta potential, suspending medium properties and flocculation or settling behaviour have
been established (Yukselen and Kaya, 2002; Mpofu et al., 2003; Chassagne, 2009; Lee et al., 2012;
Ibanez et al., 2014).

A major shortcoming of the theoretical models linking electrophoresis and zeta potential is that
these models are only applicable to spherical particles.
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Fig. 1. Left: theoretical velocity (electrophoretic mobility) of two spherical particles, of different sizes but same
surface charge density, as a function of added KCI salt concentration. Right: their corresponding zeta
potential.

Recent studies have demonstrated the importance of non-sphericity in both the qualitative
behaviour and quantitative values of the zeta potential upon changes in salinity in particular
(Chassagne and Bedeaux, 2008; Chassagne et al., 2009; Chassagne, 2013; Tsujimoto et al., 2013)
From an engineering point of view, the zeta potential ought to be a quantity that is easily accessible
and provide sufficient information with a limited amount of data processing and in a reasonable
amount of time.

In this study, we will demonstrate that electrophoretic studies can indeed be used to provide useful
information about the clay surface properties, when performing a specific set of experiments, and
being aware of general rules. These rules are derived from the systematic investigations undertaken
in our group on various clayey suspensions, in combination with our theoretical models.
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