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In the context of waste confinement and, more specifically, waste from the nuclear industry, concrete is
used both as a confinement and as a building material. The exposure to high temperatures makes its
geochemical behaviour difficult to predict over large periods of time. The present work aims to elucidate
the temperature dependency of the thermodynamic functions related to minerals from the concrete or
associated with some of its degradation products. To address precisely these functions is a key issue in
order to investigate correctly the cement/clay interaction, from a geochemical point of view.

A large set of experimental data has been collected, for the chemical systems CaO-SiO2-H2O, SO3-Al2O3-
CaO-CO2-Cl-H2O and SiO2-Al2O3-CaO-H2O, including iron and magnesium bearing phases. Data include
calorimetric measurements when available and results from equilibration experiments.

The stability of C-S-H phases was considered as a specific issue, those phases may appear both as
amorphous or crystalline minerals. In addition, the composition of amorphous minerals is still under
debate. The phase diagram of crystalline phases was refined, providing the thermodynamic function of
most of the main minerals. Then, we were able to build up a polyhedral model from the refined properties.
The composition and the equilibrium constants of amorphous C-S-H, at room temperature, were derived
from a large a set of equilibration data. Finally, the thermodynamic functions were completed by using the
polyhedral model, both for amorphous and crystalline phases, in some cases. A verification test, based on
reaction enthalpies derived from experimental data, indicates that predicted values for amorphous C-S-H
are in close agreement with experimental data. For phases other than C-S-H, we have proceeded for each
mineral the following way:

• the equilibrium constant at 25°C is selected from a single experimental work

• the formation enthalpy and the Cp(T) function are taken from the literature or estimated

• finally, the LogK(T) function is calculated, based on the selected dataset and it is compared to experi-
mental data gathered at different temperatures.

Each experimental point is extracted from solution compositions by using PHREEQC with a selection of
aqueous complexes, consistent with the Thermochimie database (Colàs et al., 2007).

The selection was tested namely by drawing activity diagrams, allowing to assess phases relations. Figure 1
displays an example of such a diagram, drawn in the CaO-Al2O3-SiO2-H2O system. It can be seen that low
pH concrete alteration proceeds essentially in decreasing the C/S ratio in C-S-H phases to the point where
C-S-H are no longer stable and replaced by zeolite, then clay minerals (Savage et al. 2007). In Figure 1,
this evolution corresponds to a decrease in silica activity, which is consistent with the pH decrease, as silica
concentration depends essentially on pH. Some rather consistent phase relations have been obtained for the
SO3-Al2O3-CaO-CO2-H2O system. Addition of iron III enlarges the AFm-SO4 stability field to the low
temperature domain, whereas it decreases the pH domain where ettringite is stable. On the other hand, the
stability field of katoite remains largely ambiguous, namely with respect to a hydrogarnet/grossular solid
solution. With respect to other databases (e.g. Lothenbach et al., 2008) this work was made in consistency
with a larger mineral selection, so that it can be used for modelling works in the cement clay interaction
context (Claret et al. 2009, Gaboreau et al. 2009).
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Figure 1: Activity diagram in the CaO-Al2O3-SiO2-H2O system, [Ca]T = 10-2M and T = 25°C.


