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Natural brines are of major interest for industrial developments, because of their valuable 

properties and/or because of the technical problems they cause in the georessource 
production processes. Valorization concerns the extraction of valuable dissolved species 
(lithium of the salars, potassium, boron, magnesium, …), the recovery of chemical reactants 
from industrial waste, the exploitation of water resources (desalination) and of deep saline 
aquifers (CO2 storage, geothermal energy, oil and gas exploration …). The industrial problems 
caused by brines are in relation with the management of deposits, the scaling/corrosion in 
tubings during the exploitation of geothermal fluids and oil brines and the reservoir 
management especially the near wellbore domains.  

Optimizing these applications implies a better control of the electrolyte solution properties, 
which means a better knowledge of activity of the dissolved species, salt solubility, heat 
capacity (heat exchanges), interfacial tension and wettability (flow, scalings), density, refractive 
index, speed of sound, etc. However, because of the high ionic strengths of these solutions, 
the description and the modelling of their physicochemical properties still remain a scientific 
challenge. 

The Pitzer formalism(1) uses the derivative of the Gibbs excess energy (Gex) to reach the 

excess properties of brines like (i) the osmotic coefficient (), (ii) the apparent relative molar 

enthalpy (L), (iii) the apparent molar heat capacity (Cp,) and (iv) the apparent molar volume 

(V). From the last three expressions, we can calculate the dilution enthalpy (ΔHD), the heat 

capacity (Cp) and the density () of a solution, respectively. A numerical code, derived from 
PhreeqC(2) and called PhreeSCALE(3), has been developed to address all these sensitive 
thermodynamic properties of brine solutions (Figure 1).  

The software is used with success to simulate various applications. The presentation will 
include application cases, the state-of-the-art but also the remaining scientific locks that need 
to be addressed to accurately characterize and predict the behavior of such brines in 
environmental and industrial processes. One of the most challenging issue is the 
characterization and the numerical description of systems of highly contrasted solubility, like 
aluminosilicate minerals in brines. 

References:  

(1) Pitzer K.S., 1991. Activity coefficients in electrolyte solutions, CRC Press, Boca Raton. 
(2) Parkhurst D.L., Appelo C.A.J., 2013. Description of Input and Examples for PHREEQC 

Version 3—A Computer Program for Speciation, Batch-Reaction, One-Dimensional 
Transport, and Inverse Geochemical Calculations. 

(3) Lach A., Boulahya F., André L., Lassin A., Azaroual M., Serin J.-P., Cézac P., 2016. 
Thermal and volumetric properties of complex aqueous electrolyte solutions using the 
Pitzer formalism - The PhreeSCALE code, Comput. Geosci., 92, 58–69.  

(4) Lach A., Ballerat-Busserolles K., André L., Simond M., Lassin A., Cézac P., Neyt J.-C., 
Serin J.-P., 2017. Experimental Data and Modeling of Solution Density and Heat Capacity 
in the Na−K−Ca−Mg−Cl−H2O System up to 353.15 K and 5 mol·kg−1 Ionic Strength. J. 
Chem. Eng. Data, 62, 3561−3576. 



 
 
 

   
 

Figure 1: The Mg-Cl-H2O system at 298.15 K. (a) osmotic coefficient ; (b) brine density; (c) heat 

capacity. Symbols are experimental data, full lines are model results (4). 
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