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Multi-ionic transport in cementitious materials with
ion—cement hydrates interactions
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The durability performance of cementitious materials in normal service environments has been recog-
nized. However, these materials are subjected to involve some forms of attacks by ionic transport, as a
result, exhibit a reduced service life. The durability of cementitious materials must be ensured in both
an economical and an environmental point of view. Steel corrosion is the greatest durability problem
in the reinforced concrete structures. The aggressive environments prompt the ingress of detrimental
ions into concrete. As a consequence of this, concrete structures are degraded in a short, medium, or
long term. The accurate time takes for the chloride to reach the reinforcement is crucial parameter for
estimating the service life of reinforced concrete structures. A number of factors have been contributed
on the determination of the amount of free chloride in the pore solution in initiation of the corrosion
process, and it has extensively been studied by experimental techniques and modeling approaches. It
has also been pointed out that the influence of electrokinetic properties on migrating ions. However, the
interaction of Electrical double layer (EDL) properties on the mechanisms of ionic transport, mainly
chloride, in cementitious materials has hardly been investigated quantitatively. Therefore, the main
objective of the research in this dissertation is to describe the interaction between cement hydrates and
electrolyte solution to elucidate the mechanism of multi-ionic transport in cementitious materials with
considering electrokinetic properties. Thereby, a particular emphasize is used on the investigation of
physical and chemical interactions of chlorides with cement hydrates on their transport into hydrated
cement paste.

The mechanisms of surface charge creation in cementitious materials have also been studied in this
study. Cementitious materials acquire a surface electric charge when they brought to contact with aque-
ous solution, and possible charging mechanisms are dissociation of surface sites of cement hydrates
and adsorption of ions onto the surface. Electrokinetic potential measurements will be considered as
one of the tools which might be used to understand the nature of the interface and the mechanisms
of adsorption of ions at the interface. Electrokinetic (i.e. zeta) and electrochemical (i.e. membrane)
potentials measurements show hydrated cement pore surface possess positive surface charge, and the
adsorption ability of cations and anions controls the sign and magnitude of the net surface charge. A

surface complexation model in PHREEQC including electrostatic term is used to simulate the ionic
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adsorption on calcium silicate hydrates (C-S-H) surface. The equilibrium constants for the adsorption
of ions on C-S-H surface were obtained by fitting experimental data to the model. Calcium ions have
high ability to adsorb on the surface of Hardened Cement Paste (HCP) and leads to reversal of surface
charge, whereas sodium ions behave as indifferent ion. Moreover, both sulfate and chloride anions
appear to be particularly significant on the change of surface charge. The adsorption capacity of cation
on the surface of HCP decreases in the sequence Ca** > Cs* > K* > Na*, and adsorption of anions on
HCPis: S 0,2~ > CI~. In HCP, chlorides bind as Friedel’s salt (chemical binding) as well as adsorb on
the surface of cement hydrates (physical binding). The surface complexation model is used to predict
the physical adsorption of chlorides onC-S-H. A good agreement between experimental and predicted
chloride adsorption isotherm clearly demonstrate that the chlorides adsorb on the surface of C-S-H and
bringing additional negative surface charge. However, chloride ions neutralize the positively charged
surfaces of portlandite and Friedel’s salt by physical adsorption. Furthermore, it can be concluded that
C-S-H is the dominant phase in terms of chloride adsorption in HCP. Electrokinetic properties such as
surface charge significantly influence not just on ionic adsorption but also on ionic diffusion. Thus,
both ion-ion and ion-solid interactions must be taken into account in the multi-ionic transport.

One of the important constituents of this research is the development of a model. An integrated model-
ing approach employing phase-equilibrium model, surface complexation model, and multi-component
diffusion model has been developed by use of PHREEQC to simulate the ionic ingress through hy-
drated cement paste. This dissertation shows the importance of the link between EDL properties and
ionic ingress in order to have a better understanding about the mechanisms on multi-ionic transport.
EDL properties or surface charge effects on ionic ingress is naturally more pronounced in gel pores
(less than 10 nm), where the thickness of EDL is comparable with pore radius. The ionic ingress in-
cludes two simultaneous processes: binding and transport. Both physical and chemical bindings are
considered in the integrated model, and multi- component diffusion model is applied to ionic transport
through free solution as well as through diffuse double layer. It is found that the important parameters
which govern the rate of penetration of ionic species through cementitious materials are the physical
adsorption of ions on the surface of cement hydrates, the size of pore, and the surface site density.
The simulated chloride profiles have been compared against the experimental data available in the
literature. Finally, the most important contribution of this dissertation works to show that the only
Fick’s second law cannot be used to analyse the chloride ingress into cementitious materials, but it
needs proper formalism which includes multi-species action, phase-equilibrium reactions, and surface

complexation.
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