Thermodynamic modeling in the Na-NO3-SO4-Cl-OH-H2o chemical system at 25 °C 
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In the French concept for radioactive waste disposal, long-lived intermediate-level waste (bituminous waste, for instance) and radiferous waste contain large amounts of soluble salts which are essentially composed of nitrate and sulfate. Because of their high solubility, these salts will dissolve into the pore solution coming from the concrete barrier after the closure of the disposal. Then, under repository conditions, the resulting increased ionic strength brine could migrate by diffusion through the cement barrier, potentially reach the surrounding rock and impact the physical and chemical behavior of the constituents of the host material. The extent of this impact, including the spatial extent of the saline plume, is unknown. To determine how much of an issue this is, a first step consists of correctly describing the aqueous solutions’ properties and mineral solubility in the nitrate-sulfate system.

This study focuses on the Na-NO3-SO4-Cl-OH-H2o system and, in particular, on the computation of its thermodynamic properties (e.g., water activity or osmotic coefficient, and ion activity coefficients). To this end, we use the semi-empirical thermodynamic Pitzer model [1], which was developed to extend the field of application of the Debye-Hückel equations [2] only valid for a low range of molalities. The Pitzer model relies on the description of specific interactions between aqueous species that become dominant over ionic strength as concentrations increase. For one electrolyte, hypothetically totally dissociated in water, the model involves three adjustable interaction parameters (β(0)c/a, β(1)c/a and Cφc/a). In the quaternary system, two additional specific interactions are involved and the related interaction parameters can be determined: θc/c’ or a/a’ and ψc/c’/a or a/a’/c. For more complex systems, no supplementary parameters are necessary. In case the electrolyte is considered partially dissociated, neutral species, n, can be present in the aqueous solution, which implies new additional specific interactions. Thus new binary and ternary interaction parameters can be determined (λnc, ζnca…). Consequently a step-by-step approach is necessary to study a complex chemical system. First, all the binary sub-systems are studied and binary interaction parameters are optimized, mainly on the basis of experimental osmotic coefficient data. Then, the ternary interaction parameters are determined from solubility data. Finally, quaternary systems or more can be studied.
In the case of the system of interest in this study, NaNO3, Na2SO4 and NaCl are considered totally dissociated whereas the partial dissociation of NaOH must be taken into account, due to its high solubility (28.3 mol∙kg-1 at 25 °C) [3]. So in addition to interaction parameters for NaOH-H2O, the dissociation constant of NaOH0(aq) is required. The binary interaction parameters relative to the aforementioned binary systems are provided by previous studies [3–6], while ternary interaction parameters are determined in this study. Without supplementary data the phase diagram of the quaternary system Na-NO3-SO4-OH-H2O is determined (Figure 1). The comparison of numerical results with experimental observations is tricky since few data exist on this specific system [7]. Consequently, to show the coherence of the proposed parametrization on the Na-NO3-SO4-OH-H2O system, the model is extended to study the quaternary Na-NO3-SO4-Cl-H2O system. Finally, after checking binary and ternary parameters of this last system the model can correctly represent the experimental data of the Na-NO3-SO4-Cl-H2O system. This check confirms the coherence of the proposed parametrization and the accuracy of the calculations for the Na-NO3-SO4-OH-H2O system. This chemical system of interest for the waste radioactive storage was recently published [8].
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Figure1. Solubility in the quaternary system Na-SO4-NO3-OH-H2O at T = 25 °C
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