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Introduction

Formation of gas hydrates leading to pipeline plugging risk is a major problem in offshore petroleum exploitations in transport conditions of pressure and temperature. Their apparition being commonly solved by injecting inhibitor, particularly methanol during transient operations of start-up or shut-down of the transport facilities, an accurate prediction of phase equilibria in mixtures containing hydrocarbon and methanol with salt water is of great interest for petroleum industry.

Many models were proposed in literature for this purpose, which all consist in introducing additional terms to account for the presence of salts in aqueous phases. Among them, the most popular derive from the SAFT EoS, such as the ePC-SAFT of Cameretti et al. [1] and SAFT-VRE of Galindo et al. [2], or from the CPA equation, as the eCPA model of Courtial et al. [3]. The extension toward electrolytes mainly consists in introducing a specific term for ions directly in the expression of the global residual Helmholtz energy: = res res res non ionic ion A A A +

; the additional term usually accounts for both "long range" and "middle range" interactions respectively: by means of the Debye-Hückel term of Pitzer [4], MSA [5] or SR2 [6] equations and the Born model [7].

Regarding models based on cubic EoS, most of them derive from two possible approaches, all of them assuming that the salt is not present in the vapor phase: the "homogeneous approach" (LIQUAC equation of Yan et al. [8] or PSRK-LIFAC model of Li et al. [9] and VTPR-LIFAC equation of Collinet and Gmehling [10]), where a classical EoS is associated with a specific expression of the excess Gibbs energy E EoS g taking ionic species into account. The second technique, initially proposed by Fürst and Renon [6], is an "intermediate approach" which consists: first, in estimating the compressibility factor Z (without taking account salts) and then, in introducing the previous additional "long range" and "middle range" interactions in the derived residual Helmholtz energy (Vu et al. [11] or Sieder and Maurer [12]); we can only regret that "ionic" interactions are not considered for the estimation of the compressibility factor. Another approach proposed by Masoudi et al. [13] with cubic EoS assumes that salts are present in all phases; even if this assumption allows much more classical "flash" calculations, it usually leads to hard convergence problems, mainly due to the problematic representation of the "unknown" critical parameters of ions.

The purpose of the present work is to extend the fundamental bases of the NRTL-PRA EoS [14] to the prediction of phase equilibria with mixtures containing strong electrolytes. The proposed model is based on the "homogeneous approach" described previously, assuming also that salts are not present in the vapor phase. The a and b parameters of the cubic EoS only depend on the solvent mole fractions (salt-free), while the E EoS g excess Gibbs energy describes all the interactions between solvents and ions with only two contributions:

-the SMR term, specific of "Short and Middle Range" interactions between solvents and salts, -the LR relation proposed by Pitzer-Debye-Hückel [4] for the description of "Long Range" electrostatic interactions.

The proposed electrolyte version of the NRTL-PRA model was applied to the modeling of light gases at high pressures (methane, carbon dioxide, nitrogen and hydrogen sulfide) and alcohols (methanol, ethanol and 1-propanol) with water and salts (mainly, ternary mixtures containing sodium chloride).As far as possible, results were compared with those provided, for the same systems,by other literature models (cubic Eos, SAFT and CPA equations).

Extension of the NRTL-PRA EoS to mixtures containing electrolytes

The presence of electrolytes in a mixture does not only require a new modeling of the E EoS g excess Gibbs energy, as in the case of associating compounds, like methanol, for the development of the NRTL-PRA model [14] from the original NRTL-PR equation [15]. Indeed, in addition to the fact that critical parameters of ions are unknown, it is commonly assumed that salts are not present in the vapor phase, so that great attention must be paid to the calculation of phase equilibria.

For this purpose, it is worth recalling the general conditions of the modeling of mixtures containing salts:

• Preliminary to the introduction of salts, all phases considered (liquid or vapor), are described by means of the same number of compounds, p SF ,usually called "solvent" or "salt-free" components, with the corresponding mole numbers, 

Phase equilibrium conditions at given temperature and pressure satisfy the system of p SF equations

(3) described in paragraph 2.1. • The introduction of salts in the previous mixture always follows the same procedure (Appendix B): a well known amount, m 0 , of salt is introduced in a well known amount of i SF n moles of the initial solvent (such as, for instance, the mole number m 0 of a given salt per kilogram of water, of solvents, .. x n n n n n = + and:

1 ion k p ion ion k n n = = ∑ (2) 
However, thanks to this procedure, the additional p ion variables k ion n are only functions of the SF p mole numbers, i SF n of the "salt-free" components. Hence, the real number of independent variables is still equal to SF p . Consequently, equilibrium conditions at given temperature and pressure must still satisfy the system of p SF equations (3). The introduction of salts in the liquid phase "only" modifies the expressions of the excess Gibbs energy E EoS g model and the derived fugacity coefficients.

2.1-Phase equilibria calculation with mixtures containing salts

First of all, the assumption that salts are not present in the vapor phase means that equilibrium conditions at given temperature T and pressure P, must be restricted to the i SF n mole fractions of the salt-free components i present in all phases. In the case of vapor-liquid equilibria (VLE), this leads to solve the following equilibrium conditions:

( ) ( ) ( ) ( ) ( 1, ) i i L L V V SF i i SF SF x x i p ϕ ϕ = = (3) 
where φ i is the fugacity coefficient of component i derived, for the NRTL-PRA EoS, from the compressibility factor of the Peng-Robinson EoS [16]:

1 ( ) 1 Z Q η α η = - - , 2 1 ( ) 1 2 Q η η η = + - with: b v η = (4) 
in which, the attractive term α is estimated in the EoS/g E formalism using the generalized reference state [17]:

1 1 1 , 0.53 SF SF i i p p E i EoS SF SF i i i i a a g x b x b bRT b RT RT α = =   = = - =     ∑ ∑ (5)
where, a i and b i are estimated from the critical temperature and pressure, T ci and P ci (Appendix A). Hence, salts, the critical parameters of which are unknown, are excluded from the estimation of this part of the compressibility factor Z.

On the other hand, the E EoS g excess Gibbs energy in Eq. ( 3) only accounts for components really present in each phase:

vapor phase : ( , ) , ( = ) E V EoS SF tot SF g T n n n n = (6) 
liquid phase: ( , , ) , ( = )

E L EoS SF ion tot SF ion g T n n n n n n = + (7) 
The general expression of E EoS g proposed in this work for mixtures containing salts is described in the next section. However, it can already be evidenced with the above relations, especially for the aqueous liquid phase that contains both solvents and ions, that the estimation of fugacity coefficients from Eq. (3) (it means from only salt-free components) should be undertaken very carefully. Indeed, their right thermodynamic expression derived from the Peng-Robinson EoS (Eq. ( 4)) is described by the following relation:

, ln ( 1) ln (1 ) ( ) 
/ i SF j i SF i SF n T b n Z Z Q RT b n α ϕ η η   ∂ = -- --     ∂   (8) 
in which the derivatives of the α term (Eq. ( 5)) must be expressed as

, ( / ) / i SF j E SF EoS SF n T n g RT n   ∂ ∂  
Appendix B presents, for the aqueous liquid phase, the main steps of the calculation of this derivative starting from the classical derivatives

, ( / ) / j E tot EoS i n T n g RT n   ∂ ∂   of ( , , ) E EoS SF ion g T n n
(Eq. ( 7)).

2.2-Excess Gibbs energy E

EoS g for electrolyte mixtures

The NRTL-PRA excess Gibbs energy proposed for the simultaneous prediction of LLE, VLE and h E of hydrocarbon mixtures with associating compounds [14] is extended to mixtures containing salts by modifying the residual excess Gibbs energy as follows:

,

E E E E E E EoS res diss res SMR LR g g g g g g = + = + (9) 
where The key point of the Short-Middle-Range excess Gibbs energy proposed in this work:

tot tot p p j j ji E SMR i i ji m m mi i=1 j=1 m x q G g x q x q G Γ = ∑ ∑ ∑ , ( ) exp / ji ji G RT Γ = ( 10 
)
is the representation of all interactions involving "solvents" by means of only one single term.

Indeed, the residual term E res g of the original model [14,15] was already consistent with the virial expressions considered in literature [8][9][10]12] for the description of the "Middle-Range" interactions between solvents and ions.

The expressions of surface area factors i q of pure components i and binary interaction parameters ji Γ between components i and j with respect to the model group contribution parameters • Surface area factors i q . They are estimated thanks to Eq. (C2), using for solvents the group parameters of UNIFAC [START_REF] Hansen | [END_REF]22]. Regarding ions: we have first selected, for Cl -, the values of parameters Q k and R k proposed by Larsen et al. [23] and deduced "realistic" estimations for Na + (about half of Cl -parameter values). Then, accounting for the evolution of the "ionic radius" Ir k (published by Shannon [24] and reported in Table 1), the group interaction parameters of anions and cations were estimated as follows, for instance for the surface area factors:

( / ) anion anion Cl Cl Q Q Ir Ir - - = , ( / ) cation cation Na Na Q Q Ir Ir + + = .
The values of all subgroup parameters Q k and R k are reported in Table 1.

• Binary interaction parameters ji Γ .The estimation of the new interaction parameters / solvent ion Γ was performed, assuming for a given salt (C k+ A k-), the rather usual assumptions: (1) no interactions between water and ions: 0

H O C H O A Γ Γ + - = = , (2) no interactions between ions: / 0 C A Γ + -= .
The dependence of interaction parameters with respect to temperature is described in Appendix C; corresponding values of parameters (0) 

LK Γ , (1 
E x z LR z A I g RT I χ χ   = - +     (11) 
where, z I , is the ionic strength :

1 ( ) 2 ion k p z z ion ion k k=1 I I x x Z = = ∑ (12)
with, k Z the charge number of ion k and χ an empirical parameter depending on the solvent properties and expressed with respect to the salt-free mole fractions:

1 ( ) 2 / SF i p SF SF i i x M , M x M χ χ * * = = = = ∑ (13) 
The electrostatic properties of the solvent mixture are characterized by means of parameter x A :

2 1/ 2 3/ 2 0 1 2 ( , ) ( ) ( ) 3 4 a x x SF r N e A A T x v kT π πε ε * = = * (14) 
with, a N the Avogadro's number, v * the molar volume of the salt-free solvent, e the charge of one electron, 0 ε the vacuum permittivity of vacuum, r ε * the relative permittivity of the salt-free solvent mixture and k the Boltzmann's constant.

The molar volume v * and the relative permittivity r ε * of the salt-free solvent mixture are expressed according to [12], as:

1 SF i p SF i i v x b * = = ∑ , 1 / SF i i p r SF i r i x b v ε ε * = = * ∑ (15) 
The method considered in this work for the estimation of the relative permittivity ri ε of compound i is discussed in paragraph 3; estimated values of ( ) r T ε required for the modeling of mixtures studied in this work are reported in Table 3.

The excess Gibbs energy E diss g was specially introduced in the NRTL-PRA model [14] in order to allow the simultaneous representation of LLE, VLE, and h E for mixtures containing associating compounds (such as methanol) in presence of heavier non associating compounds (long chain paraffins, cycloalkanes, ...). During such mixings, the decrease of interactions between the associating components i(asso) leads to a significant variation of the global mole fraction of polymers: from ( 1) ( ) i x i asso X = , for the pure associating component, towards

( ) i asso X
, for the global mole fraction x i = x i(asso) . The NRTL-PRA model proposed the following expression of this dissociation excess Gibbs energy :

( 1) 0 ( ) ( ) = ( ) i x E diss i i i asso i i i asso g x X X E = = - ∑ , ( ) 
0 0 2 i ii i asso E G ( / z )E (z=10) ∆ = - (16) 
where, the association energy, (1 )

i i i i X X / K X = - , 2 1 (1 2 ) 1 4 
2 i i i i i i i X K x K x K x     = + -+     (17) 
and the estimation of the mixture parameter: 

( ) , ( / ) i i m m i i m i asso gam x x σ σ ≠ = + ∑ (18 
m i m i i m r P P σ = - , m,i mk k k k r R S ν = ∑
; the values of corresponding parameters k k R , S and k P are reported in Table 1.

It should be recalled that mixtures containing only associating compounds (as methanol, water or other alcohols) are assumed to be miscible mixtures, it means without phase splitting. In this case, it was shown [14] that parameter values of m P fixed to 1 in Table 1, for these compounds, lead to 0

E diss g = = =
= ; in this work, the same condition, m P =1, was extended to ions.

Until now, the dissociating term of the NRTL-PRA model was only taken into consideration for mixtures containing methanol, since only them required the simultaneous representation of LLE, VLE, and h E [14]. Consequently, for all solvent mixtures studied in this work (except for methanol with carbon dioxide in presence of water) the estimation of the E diss g term (Eq. ( 16)) was not required; for this reason, no value of hydrogen bond free enthalpy, 0 i G ∆ , was reported in parameter tables.

Results and discussion

3.1-Preliminary modeling: mixtures with water and permittivity of pure compounds

The modeling of light gases and alcohols with water and salts required the following preliminary studies.

• Mixtures of light gases with water. The VLE of mixtures of light gas and water was revisited in view of a better representation of high pressure data, taking into account [14] the dependence of group contribution parameters with respect to temperature (Eq.(C-3)). Fig. 1 shows the rather good predictions obtained for methane, carbon dioxide, nitrogen and hydrogen sulfide with water.

• Alcohol-water and alcohol-paraffin mixtures. The NRTL-PRA model was also extended [START_REF] Neau | 29 th Symposium on Applied Thermodynamics[END_REF] to the modeling of VLE and excess enthalpies h E of alcohol-water and alcohol-paraffin mixtures from ethanol to pentanol. It is worth recalling that, like for methanol [14], higher alcohols were modeled by means of one hydroxyl group "OH" and paraffinic main groups "PAR" (Table 1). As expected, methanol, ethanol, as well as primary and secondary alcohols, were described with specific groups in Tables 2.

• Correlation of the relative permittivity ( ) r T ε . A first study of mixtures containing respectively water and methanol with sodium chloride was performed using classical correlations proposed in literature [START_REF] Chunxi | [END_REF][27][START_REF] Haynes | CRC Handbook of Chemistry and Physics[END_REF]; as illustrated in Figs. 2a and2b, respectively for these two solvents, a "strange" behavior of ( ) r T ε was observed, especially for water, at temperatures greater than 350 K.

Taking into consideration "data" generated from various literature correlations (Chunxi and Fürst [START_REF] Chunxi | [END_REF] for water, Dannhauser and Bahre [27] for methanol and CRC tables [START_REF] Haynes | CRC Handbook of Chemistry and Physics[END_REF] for other solvents of interest) a generalized function has been proposed for polar compounds [START_REF] Neau | [END_REF]:

2 / ln( ) r A BT CT D T E T ε = + + + + (19) 
with two objectives: first, to obtain the best representation of the "experimental domain" defined by the CRC tables (as illustrated, for instance, in Fig. 2a for water and in Fig. 2b for methanol); second, to allow a reasonable extrapolation of the reduced permittivity r ε at high temperatures, it means up to 600 K (as required for the modeling of methane or carbon dioxide mixtures with water and salts in Figs. 1 and4); values of parameters A, B, C, D and E for all polar compounds considered in this work are reported in Table 3. Concerning light gases, for which values of r ε are known to be "small" and "rather constant" with respect to temperature, we have adopted, as described in Table 3, the values proposed by the CRC tables at a given reference temperature.

3.2-Modeling of mixtures containing sodium chloride

Sodium chloride being the main seawater salt (at around 85% of all salts), a large amount of experimental VLE data was available in literature, especially with methane, carbon dioxide, hydrogen sulfide and methanol. Data referenced in Table 4 only concern the experimental data at pressures up to 600 bar considered for the estimation of the group contribution parameters Gibbs energy (Eq.( 10)).

The objective function F obj minimized was:

( ) ( ) ( ) 2 2 2 1 1 1 1 1 y P T N N N exp exp exp obj i i i i i i F P / P T / T y / y ∆ ∆ ∆ = = = = + + ∑ ∑ ∑ (20) 
where ∆P, ∆T and ∆y 1 are, respectively, the deviations between experimental and calculated values on bubble points and vapor mole fractions; N P , N T and Ny are the corresponding number of data points. This led to the following mean deviations reported in Table 4:

1 100 P P N exp i i P / P% P / P N ∆ ∆ = = ∑ , 1 100 T N exp i T i T / T % T / T N ∆ ∆ = = ∑ , 1 1 1 100 y N exp i y i y / y% y / y N ∆ ∆ = = ∑ (21) 
Results of the correlation reported in this table evidence that standard deviations must be considered very carefully for VLE data at high pressures, especially for mixtures containing light gases. For mixtures with alcohols at low pressures, deviations are more reliable and the model provides rather good estimations of VLE data. At the end, these global results led us to consider that the proposed data set was significant enough to provide reliable estimations, especially for the / Cl solvent Γ - values; hence the estimated group contribution parameters, LK Γ , reported in Tables 2a, 2b and 2c, will remain unchanged for the modeling of other salts in section 3.4.

Finally, global results were illustrated with figures 3 to 6, where phase diagrams are represented with respect to the salt-free mole fraction x 1 of the solvent component (1). The analysis of the various predictions calls the following remarks.

• Methane: Figs. 3a and 3b illustrate the modeling proposed with the NRTL-PRA model at 408 K; the prediction of VLE data up to very high pressures, about 1400 bar, appears to be rather reliable. The representation proposed by Courtial et al. [3] with the eCPA equation at the same temperature is presented in Fig. 3c ; both models lead to quite similar results.

• Carbon dioxide: Fig. 4a presents the NRTL-PRA predictions of VLE from 323 K to 450K, for a molality m 0 =1.0 mol.kg -1 ; very good results were thus obtained in these conditions, up to 500 bar. It should be pointed out that similar results are also previously obtained, for the same range of temperatures and pressures, with other literature models, such as: for cubic EoS, the PSRK-LIFAC [9], VTPR-LIFAC [10] and the extension of the PR EoS to electrolytes proposed by Sieder and Maurer [12]; and, for SAFT equations, the SAFT1-RPM (Ji. et al. [30]) and SAFT-LJ (Sun and Dubessy [31]) models. Results obtained at 572 K are illustrated in Fig. 4b; for the same amount of salt, the NRTL-PRA equation predicts a closed phase envelope, in agreement with results obtained without salt; however, in this case, this behavior does not agree with the experimental data of Takenouchi and Kennedy [32] which suggest, in the same conditions, an open phase envelope with pressures up to 1500 bar. For this purpose, a comparison with the eCPA model [3] was also performed in Fig. 4c; it can be observed that this modeling follows the tendency suggested by Takenouchi and Kennedy, but, however, with a less favorable behavior of the vapor phase beyond 500 bar.

• Nitrogen and hydrogen sulfide: results presented in Fig. 5 deal with more moderate pressures; even if less meaningful, the proposed correlations are still reasonable. Results obtained with hydrogen sulfide in Fig. 5a are still in agreement with those proposed by Li et al. [9] with the PSRK-LIQUAC model in the same domain.

• Methanol and ethanol: as usual for mixtures containing alcohols, results presented in Fig. 6 correspond to a fixed mole fraction, x salt , of sodium chloride. Calculations of VLE under 1.0 bar are quite satisfactory. It should be also noted that curves presented in Fig. 6a for methanol, under atmospheric pressure, are in complete agreement with those proposed, in the same conditions, by Sieder and Maurer [12] by means also of a cubic PR EoS "extended" to electrolytes.

3.3-Prediction of system carbon dioxide-methanol-water-sodium chloride.

• Prediction of VLE data

In order to check the limits of the proposed method, we have considered the quaternary system: carbon dioxide -methanol -water -sodium chloride, with the experimental data of Pèrez Salado Kamps et al. [33], not included in our data base. The authors have performed various sets of measurements corresponding to different values of the solvent composition and amount of salt introduced in the mixture; the following characteristic parameters were considered: ρ, represents the "so called" « solute-free solvent mixture composition » and m s is the molality of sodium chloride with respect to (methanol+water) mixtures. Predictions presented in Fig. 7 are also quite good and agree with the curves proposed by Sieder and Maurer [12] for the same system, in the same experimental conditions. Results seem therefore very encouraging for further extensions of the NRTL-PRA model.

(2) (2) (3) 
• Detailed example of the VLE method.

This quaternary system was also considered in Appendix D for illustrating the calculation method described in section 2. It should be mentioned that, contrary to all other mixtures considered in this work, the system methanol with carbon dioxide in presence of water is the only one which requires the estimation of the E diss g term (paragraph 2.2).

3.4-Mixtures with other salts

Besides sodium chloride, other salts containing mainly magnesium, calcium and potassium associated with chlorine were also considered as representative of seawater properties. As can be seen in Table 5, which details the VLE data available in literature: the information concerning mixtures of methane with all salts, is rather reasonable; however, for carbon dioxide, ethanol and 1propanol, experimental data are limited to only two or three salts.

As suggested previously, the modeling of these data only consists in the estimation of the interaction parameters 

Γ + + + +
, accounting for the values of / Cl solvent Γ - parameters previously determined in section 3.2. Data were regressed in the same way as for mixtures with sodium chloride (Eq. ( 20)); deviations thus obtained (Eq. ( 21)) are given in Table 5 and the corresponding group contribution parameters are reported in Tables 2a, 2b, 2c.

Even if the results presented in Table 5 concern a more restricted range of pressures, similar conclusions to those of Table 4 can be drawn: deviations corresponding to mixtures with methane and carbon dioxide should still be considered carefully; for mixtures with alcohols, results are more significant and satisfactory.

The major results obtained with the various salts are also illustrated with some meaningful figures (Figs. [7][8][9][10] and the following remarks.

• Methane: data of methane-water with MgCl 2 and LiCl, respectively at 298 K (Fig. 8a) and 313 K (Fig. 8b), focus rather on moderate pressures (up to 100 bar), compared to those presented in Fig. 3 with sodium chloride. Hence, results are rather good and deviations are similar to those obtained in literature with other salts: CaCl 2 , in the case of the PSRK-LIFAC [9] model, or LiBr and KBr, my means of the VTPR-LIFAC [10] equation.

• Carbon dioxide: pressures considered in Fig. 9a, for mixtures containing KCl at 313 K, are much higher (up to 400 bar); the estimation of VLE with CaCl 2 (Fig. 9b) at 298 K is still limited at 60 bar. In both cases, the model leads to rather good representations. In this case, we also observed, with CaCl 2 , that both NRTL-PRA and PSRK-LIFAC [9] models lead to the similar modeling.

• Ethanol and 1-propanol: data presented in Table 5, respectively for ethanol with LiBr and 1propanol with KBr, correspond to experimental measurements performed, at each pressure (Fig. 10a) or temperature (Fig. 10b), for variable values of the molality m 0 . Hence, both figures only present the calculated properties with respect to the experimental values. Results remain, however, quite meaningful (less than 2%, even for 1-propanol with KBr). We can also note that other literature results presented with VTPR-LIFAC [10] for ethanol and 1-propanol, with LiCl and LiBr, but under atmospheric pressure, were also rather satisfactory.

Conclusion

The purpose of the present work was to extend the fundamental bases of the NRTL-PRA EoS [14] to the prediction of phase equilibria in mixtures containing electrolytes. However, it should be recalled that the presence of electrolytes in a mixture does not only require a new modeling of the version describes all the interactions between solvents and ions with only two contributions: the SMR term, specific of "Short and Middle Range" interactions between solvents and salts, and the LR relation of Pitzer-Debye-Hückel [4], for the "Long Range" electrostatic interactions.

The main interest of the proposed method is not only the reduction of the interaction parameters in the SMR term; in fact, the key point of the modeling is that E SMR g is simply expressed with the original E res g of the NRTL-PRA model [14,15], since it was already consistent with the virial expressions considered in literature [8][9][10]12] for the description of the "Middle-Range" interactions between solvent and ions. Thanks to these theoretical bases, it was expected that the modeling of mixtures containing salts would lead, with a lower number of estimated parameters, to more reliable predictions.

The purpose of this work was, therefore, to verify these assumptions. The following mixtures were considered: light gases at high pressures (methane, carbon dioxide, nitrogen and hydrogen sulfide) and alcohols (methanol, ethanol and 1-propanol) with water and salts. The VLE in presence of sodium chloride and other strong electrolytes (mainly, magnesium, calcium and potassium associated with chlorine) were modeled with the proposed electrolyte version of the NRTL-PRA model. The rather satisfactory modeling obtained using a large data base from open literature can be considered as significant tests for the capacity of the NRTL-PRA equation to represent mixtures containing light gases and alcohols with water and salts. The analysis of results obtained with other literature models has also shown that:

-concerning other cubic EoS: quite similar results were obtained, at moderate temperatures, for all mixtures investigated. The main interest of the proposed version is, probably that: first, the modeling requires "less regressed" model parameters; second, that it allows rather "safe predictions " at high temperatures and pressures, as for methane and carbon dioxide with water and sodium chloride.

-regarding non cubic EoS, as SAFT and CPA versions, rather few papers could be found for the representation of systems considered in the present study, except for carbon dioxide with water and sodium chloride: SAFT [30,31], in the subcritical domain of salt-free systems, and eCPA [3], at high pressures and temperatures; other papers concerning aqueous mixtures with carbon dioxide (with Brine and sodium chloride [34]) or hydrogen sulfide (PVT properties of imidazolium based ionic liquids [35]) were, obviously, not considered herewith. Nevertheless, with respect to cubic EoS, the great advantage of SAFT versions (SAFT-VRE [2] or ePCA-SAFT [1,36]) is the capacity of predicting a wide field of physical properties (vapor pressure and liquid densities of aqueous solutions with salts, activity coefficients, osmotic pressure ...).

In the present state, results obtained in this work seem very encouraging for further extensions of the NRTL-PRA model. Until now, we have only focused on the representation of VLE with a single electrolyte; the next work will be dedicated: first, to the modeling of LLE and SLE, and then, to the representation of mixtures containing several salts. The extension of the proposed model to weak electrolytes, would require, for instance with acetic acid, the introduction of an ionization constant [37], but also of chemical equilibrium of dimerization [12,38], as with associating compounds. Therefore, this development could only be considered in future works. 

List of symbols

APPENDIX A. EoS pure component parameter estimation

The attractive term a i and the covolume b i in Eq. ( 5) are estimated from the critical temperature and pressure, T ci and P ci respectively, by the formulae:

( )

2 2
0.45723553 , 0.07779607

i i i i c c i r i c c R T RT a f T b P P = = (A-1)
where T r is the reduced temperature, i r c

T T T = , and f(T r ) is the generalized Soave function [18]:

( ) ( ) 2 1 1 r r f T m T γ   = + -   (A-2)
For hydrocarbons and non associating compounds, we still consider the original Soave function [19] corresponding to γ = 0.5 with the parameter m correlated to the acentric factor ω through the generalized expression proposed by Robinson 

m m ω ω ω ω ω ω ω = + - ≤ = + - > (A-3)
On the other hand, for associating compounds, γ and m parameters are estimated with the values previously proposed in [18] to improve vapor pressure representations (γ = 0.65, m = 0.6864 for water and γ = 0.9, m = 0.6969 for methanol).

APPENDIX B. Calculation of partial derivatives in variables (T,n SF ) from ( , , )

E EoS SF ion g T n n
The modeling of phase equilibria in mixtures containing strong electrolytes assumes that a given amount, salt n , of a salt (C k+ A k-), leading to k ions n of each type k+ and k-, is introduced in SF n moles of the salt-free solvent. The partial derivatives are estimated as described below.

(1)-Properties of the "solvent+salt" mixture. If n ; hence, the real number of independent variables is the SF p mole numbers i SF n of the "salt-free" components.

However, the classical estimation of the partial derivatives, , ( )

/ j E tot EoS i n T n g n   ∂ ∂  
, with respect to all the mole numbers really present in the liquid phase, does not represent the required derivatives expressed in Eq.( 8). The following calculations should be performed for this purpose.

(2)-Derivatives of ( )

E tot EoS n g
with respect to the salt-free mole numbers i SF n . For the first derivative we get:

, ( ) / i SF j E tot EoS SF n T n g n   ∂ ∂   = , ( ) / j E tot EoS i n T n g n   ∂ ∂   + , ( ) / ( / ) k k i j E tot EoS ion ion SF k n T n g n n n   ∂ ∂ ∂ ∂   ∑ (B-2)
with, according to Eq. (B-1) : ( / )

k i i ion SF salt n n k n ∂ ∂ = (B-3)
(the same procedure is applied to the second derivatives)

(3)-Derivatives of ( ) 

E
( ) / i SF j E SF EoS SF n T n g n   ∂ ∂   = , ( / ) ( ) / i SF j E SF tot tot EoS SF n T n n n g n   ∂ ∂   + ( / ) / i SF j E EoS tot SF tot SF n g n n n n   ∂ ∂   (B-4) with : ( / ) / = 1 ( / ) ( / ) i i SF j j tot SF tot SF SF tot tot SF SF n n n n n n n n   ∂ ∂ - ∂ ∂   (B-5)
and, according to Eq. (B-1) :

1 ( / ) 1 SF i i p tot SF salt i n n k n = ∂ ∂ = + ∑ (B-6)
Hence, Eq. (B-4) leads to the rigorous derivatives to use in Eq. ( 8) for the fugacity coefficients.

It is also obvious that, for the vapor phase where the lack of salts leads to:

tot SF n n =
, the calculation of above formulae (B-2) and (B-4) is unnecessary, since they are strictly equivalent to the partial derivative , ( )

/ j E tot EoS i n T n g n   ∂ ∂  
required in Eq. ( 8).

APPENDIX C. Group contribution parameter estimation

According to the NRTL-PRA model, binary interaction parameters Γ ji and E ii in Eqs. ( 10) and ( 16) are estimated with the original group contribution method:

( ) ji iK jL iL LK K L Γ θ θ θ Γ = - ∑ ∑ , ii iK iL LK K L E θ θ Γ = ∑ ∑ , 0 KK Γ = (C-1)
where θ iK is the probability that a contact from a molecule i involves a main group K :

( ) ( ) , k iK ik K i ik K k i k k Q q Q q θ ν ν = = ∑ ∑ (C-2)
with ν ik(K) the number of subgroup k belonging to the main group K in a molecule i and i q its corresponding surface area factor.

The dependence of group contribution parameters Γ LK with respect to temperature recently proposed [14] is considered for both solvents and ions:

(0) (1) (2) 0 0 1 1 LK LK Γ Γ Γ Γ     = + - + -         (C-3) APPENDIX D.
Detailed example of the VLE method: system carbon dioxide (1) -methanol (2) water (3) -sodium chloride.

Table D details, for one "data point", the various steps of the phase equilibrium calculation method proposed in paragraph 2.1. We consider one point (x SF (1) = 0.0130) of the prediction described in Fig. 7a for the experimental data of Pèrez Salado Kamps et al. [31] at 313.66 K, with the characteristic mixture parameters proposed by the authors (Eq. ( 22)) : ρ = 0.049 and m s =1.74. The exact characteristics of the "selected data point" reported in Table D, are therefore:

T = 313.66 K , x SF (1) = 0.01300 , x SF (2) = 0.04830 and x SF (3) = 0.93870 (D-1)
with, for one mole of solvent, n SF = 1, the following mole number of salt, n salt = 0.03212, leading thus to:

n Na+ = = 0.03212 , n Cl-= 0.03212 and n tot = 1.06424 (D-2)
The first part of Table D presents the values of the pure compound parameters required, at temperature T , for the modeling: EoS parameters, in Eq.( 5), and E EoS g properties, in Eqs. (10,15).

Only the non zero interaction parameters Γ ji are reported in this table; the dissociation energy used in Eq. ( 16) for methanol is, as proposed in [14]: 0 ( ) 9980.62 6833.96(298.15/ 1)

i asso

E T = - - -.
The following part of the table details, for the liquid phase, the different steps required, according to Appendix B, for the estimation of the partial derivatives of ( , , )

E EoS SF ion g
T n n with respect to mole fractions.

A "bubble point" method is then considered for the estimation of the phase equilibrium conditions described in Eq. (3). At the end of the iterative process, the final values of the pressure and salt-free mole fractions of the vapor phase are: P = 47.672 bar , y SF (1) = 0.99652 , y SF (2) = 0.00112 and y SF (3) = 0.00235 (D-3)

The last part of Table D provides, both for the liquid and vapor phases, all the details required for the estimation of the fugacity coefficients in Eq. ( 8).

It can be seen in this table, that the equilibrium conditions (Eq. ( 3)) characterized by the "equality", for all the compounds i, of the products

i i SF
x ϕ between the liquid and vapor phases, are very well satisfied. This result is obtained thanks to a "reliable and fast" bubble point algorithm based on the use of "analytical derivatives" (previously verified with numerical tests) and "strict" convergence criterions (

10 10 i i L L V V i SF i SF x x ∆ ϕ ϕ - - <
) for the resolution of Eq. ( 3). [24]).
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( ______ ) this work, ( ______ ) literature (a) [START_REF] Chunxi | [END_REF], (b) [27], ( ______ ) CRC tables [START_REF] Haynes | CRC Handbook of Chemistry and Physics[END_REF]. Limit of the experimental domain ( _ _ _ ) [START_REF] Haynes | CRC Handbook of Chemistry and Physics[END_REF].

Fig. 3. VLE of methane (1) -water (2) with sodium chloride [START_REF] Blount | Fourth United States Gulf Coast Geopressured-Geothermal Energy Conference[END_REF] Fig. 4. VLE of carbon dioxide (1) -water (2) with sodium chloride. (a) NaCl molality m 0 =1.00 mol•kg -1 at: ( ), ( ) T=323 K [47,48], ( ), ( ) T=373 K [47,49], ( ) T=413 K [47], ( ) T=450 K [50]. (b) T=572 K for: ( ), ( ) m 0 =0.00 mol•kg -1 [40,50], ( ) m 0 =1.03 mol•kg -1 [40]. Predictions with the NRTL-PRA model (---colors correspond to symbols). (c): eCPA representation [3].

Fig. 5. VLE of (a) nitrogen (1) -water (2) and (b) hydrogen sulfide (1) -water (2) with sodium chloride. NaCl molality m 0 =1.00 mol•kg -1 . (a) [51]: ( ) T=325 K, ( ) T=376 K, ( ) T=399 K. (b): ( ), ( ) T=323 K [52,43], ( ) T=373 K [52], ( ) T=423 K [52], ( ) T=473 K [52]. Calculations with the NRTL-PRA model (---colors correspond to symbols).

Fig. 6. VLE of (a) methanol (1) -water (2) and (b) ethanol (1) -water (2) with sodium chloride at 1.01 bar with various NaCl molar fractions x NaCl . (a): ( ), ( ), ( ) x NaCl =0.00 [53][54][55], ( ), ( ) x NaCl =0.03 [56,57], x NaCl =0.09 [56] ( ). (b): ( ) x NaCl =0.00 [58], ( ) x NaCl =0.01 [56], ( ), ( ) x NaCl =0.03 [56,57]. Calculations with the NRTL-PRA model (---colors correspond to symbols). Fig. 7. VLE of carbon dioxide (1) -methanol (2) -water (3) with sodium chloride. Data of Pérez-Salado Kamps et al. [33] Fig. 8. VLE of methane (1) -water (2) with: (a) MgCl Fig. 9. VLE of carbon dioxide (1) -water (2) with: (a) KCl and (b) CaCl 2 for various molalities m 0. (a) T=353 K: ( ) m 0 =0.00 mol•kg -1 [65], ( ) m 0 =0.50 mol•kg -1 [66], ( ) m 0 =1.00 mol•kg -1 [66], ( ) m 0 =2.50 mol•kg -1 [66], ( ) m 0 =4.00 mol•kg -1 [66]. (b) T=298 K: ( ) m 0 =0.00 mol•kg -1 [67], ( ) m 0 =0.437 mol•kg -1 [48], ( ) m 0 =0.879 mol•kg -1 [48], ( ) m 0 =1.349 mol•kg -1 [48]. Calculations with the NRTL-PRA model (---colors correspond to symbols).

Fig10. VLE of: (a) ethanol (1) -water (2) with LiBr and (b) 1-propanol (1) -water (2) with KBr, for variable values molalities m 0 . (a) Comparison of predicted pressures with experimental data [68] 
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Values (in J/mol) of the NRTL-PRA group interaction parameters (0) LK Γ (ol1 = methanol, ol2 = ethanol, 1-ol = primary alcohol, 2-ol = secondary alcohol). 
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Table 2b

Values (in J/mol) of the NRTL-PRA group interaction parameters (1) LK Γ (ol1 = methanol, ol2 = ethanol, 1-ol = primary alcohol, 2-ol = secondary alcohol). 

L\K

Table D

System carbon dioxide (1) -methanol (2) -water (3) -sodium chloride. Detailed example of VLE calculations at a given temperature and salt concentration : T= 313.66 K, ρ=0.049, m s =1.74 mol•kg -1 ; ions: Na + (4) and Cl - (5) .

Pure compounds

a(1)/RT(cm 3 ) = 148.636480

(2) = 613.703444

(3) = 363.912384 b(1)(cm 3 ) = 26.6538026 (2) = 40.9522246 (3) = 18.9715643 r ε (1) = 1.500

(2) = 29.783 (3) = 72.214

Γ(1,2) /RT = (1,3) = 0.88293962 (1,4) = 2.52222675 (1,5) = 2.07507177 Γ(2,1) /RT = 0.18645135 (3,1) = 0.95808933 (4,1) = 2.62021530 (5,1) = 2.47509435 Γ(2,3) /RT = 0.30611973 (2,4) = 1.05288347 (2,5) = 1.05288347 Γ(3,2) /RT = 0.13346754 (4,2) = 1.05256404 (5,2) = 1.05256404

Liquid phase

n SF = 1.00000000 n tot = 1.06423593 x SF (1) = 0.01300000

(2) = 0.04830000 (3) = 0.93870000 x(1) = 0.01221534

(2) = 0.04538467 (3) = 0.88204125 (4) = 0.03017937 (5) = 0.03017937 Calculations: ( ______ ) this work, ( ______ ) literature (a) [START_REF] Chunxi | [END_REF], (b) [27], ( ______ ) CRC tables [START_REF] Haynes | CRC Handbook of Chemistry and Physics[END_REF]. Limit of the experimental domain ( _ _ _ ) [START_REF] Haynes | CRC Handbook of Chemistry and Physics[END_REF]. Fig. 3. VLE of methane (1) -water (2) with sodium chloride [START_REF] Blount | Fourth United States Gulf Coast Geopressured-Geothermal Energy Conference[END_REF] . VLE of (a) nitrogen (1) -water (2) and (b) hydrogen sulfide (1) -water (2) with sodium chloride. NaCl molality m 0 =1.00 mol•kg Fig. 6. VLE of (a) methanol (1) -water (2) and (b) ethanol (1) -water (2) with sodium chloride at 1. Fig. 7. VLE of carbon dioxide (1) -methanol (2) -water (3) with sodium chloride. Data of Pérez-Salado Kamps et al. Fig. 8. VLE of methane (1) -water (2) with: (a) MgCl Fig. 9. VLE of carbon dioxide (1) -water (2) with: Fig10. VLE of: (a) ethanol (1) -water (2) with LiBr and (b) 1-propanol (1) -water (2) with KBr, for variable values molalities m 0 . (a) Comparison of predicted pressures with experimental data [68] ACCEPTED MANUSCRIPT Highlights :

E SMR g RT = 9.122628•10 -2 E LR g RT = -5.080183•10 -2 E diss g RT = 1.567221•10 -3 , ( / ) / j E E tot SMR diss i n T n g g RT n     ∂ + ∂     (1) = 3.32885269 (2) = 0.96059313 (3) = -7.159964•10 -2 (4) = (5) = 0.19122461 0.30082108 , ( / ) / i SF j E E tot SMR diss SF n T n g g RT n     ∂ + ∂     (1) = 6.28085413 (2) = 1.86420068 (3) = 1.559246•10 -2 , ( / ) / i SF j E E SF SMR diss SF n T n g g RT n     ∂ + ∂     ( 
• The NRTL-PRA model is extended to the prediction of VLE in mixtures containing salts.

• Contrary to other cubic EoS, the E res g only depends on two contributions.

• In equilibrium calculations, ions are supposed to be present only in the liquid phase.

• Many VLE data of light gases and alcohols with NaCl and other salts were considered.

• The rather satisfactory results thus obtained can be considered significant.

Γ

  are recalled in Appendix C. The introduction of salts requires the following modifications:

  number of salt introduced per mole of component i of the solvent (mainly water, in classical applications), the total mole numbers of salt and ions are: mole numbers of "solvent" (n SF ) and "ions" (n ion ). Nevertheless, as shown in the last term of (B-1), the p ion variables k ion n are only functions of the p SF variables i SF

  Fig. 3. VLE of methane(1) -water(2) with sodium chloride[START_REF] Blount | Fourth United States Gulf Coast Geopressured-Geothermal Energy Conference[END_REF] at 408 K for various molalities m 0 . (a) : ( ) m 0 =0.00 mol•kg -1 , ( ), ( ) m 0 =0.85 mol•kg -1 , ( ),( ) m 0 =1.70 mol•kg -1 , ( ), ( ), ( ), m 0 =2.50 mol•kg -1 . (b): ( ), ( ), ( ) m 0 =3.40 mol•kg -1 , ( ), ( ), ( ), ( ), ( ) m 0 =4.20 mol•kg -1 . Predictions with the NRTL-PRA model (---colors correspond to symbols). (c): eCPA representation [3].

  Fig. 7. VLE of carbon dioxide(1) -methanol(2) -water(3) with sodium chloride. Data of Pérez-Salado Kamps et al.[33] at: ( ) T=314 K, ( ) T=354 K, ( ) T=395 K for various solute-free solvent mixture composition ρ and molalities m s . (a) ρ=0.049, m s =1.74 mol•kg -1 . (b) ρ=0.750, m s =0.25 mol•kg -1 . Predictions with the NRTL-PRA model (---colors correspond to symbols).

  Fig. 8. VLE of methane(1) -water(2) with: (a) MgCl 2 and (b) LiCl, for various molalities m 0 . (a) T=298 K: ( ), ( ), ( ) m 0 =0.00 mol•kg -1[59][60][61], ( ) m 0 =0.50 mol•kg -1[62], ( ) m 0 =1.00 mol•kg -1[62], ( ) m 0 =2.00 mol•kg -1[62]. (b) T=313 K: ( ), ( ), ( ), ( ) m 0 =0.00 mol•kg -1[63,60,59,64], ( ) m 0 =2.49 mol•kg -1[62], ( ) m 0 =4.99 mol•kg -1[62], ( ) m=7.99 mol•kg -1[62]. Calculations with the NRTL-PRA model (---colors correspond to symbols).

  Fig10. VLE of: (a) ethanol(1) -water(2) with LiBr and (b) 1-propanol(1) -water(2) with KBr, for variable values molalities m 0 . (a) Comparison of predicted pressures with experimental data[68] at: ( ) T=298.15 K, (   ) T=303.15 K, ( ) T=308.15 K, ( ) T=313.15 K, ( ) T=318.15 K. (b) Comparison of predicted temperatures with experimental data [69] under P=1.01 bar. Calculations with the NRTL-PRA model.

2 P

 2 (bar) = 47.67186373 η = 0.88010550 Q(η) = 0.56313375

Fig. 1 .

 1 Fig. 1. VLE of light gases with water. (a) Methane(1) [39]: ( ) T=473 K, ( ) T=573 K, ( ), ( ) T=603 K, ( ) T=625 K, ( ), ( ) T=633 K. (b) Carbon dioxide(1) [40]: ( ) T=543 K, ( ) T=548 K, ( ) T=573 K, ( ) T=598 K, ( ) T=623 K. (c) Nitrogen(1) : ( ) T=278 K[41], ( ) T=288 K[41] , ( ) T=293 K[41], ( ), ( ) T=298 K[41,42]. (d) Hydrogen sulfide(1) : ( ),( ) T=377 K[43], ( ),( ) T=410 K[43], ( ), ( ) T=444 K[43,44], ( ) T=475 K[44]. Predictions with the NRTL-PRA model ( ____ colors correspond to symbols).

Fig. 2 .

 2 Fig. 2. Relative permittivity rε with respect to temperature: (a) H 2 O and (b) methanol.

Fig. 4 .Fig. 5

 45 Fig. 3. VLE of methane(1) -water(2) with sodium chloride[START_REF] Blount | Fourth United States Gulf Coast Geopressured-Geothermal Energy Conference[END_REF] at 408 K for various molalities m 0 . (a) : ( ) m 0 =0.00 mol•kg -1 , ( ), ( ) m 0 =0.85 mol•kg -1 , ( ),( ) m 0 =1.70 mol•kg -1 , ( ), ( ), ( ), m 0 =2.50 mol•kg -1 . (b): ( ), ( ), ( ) m 0 =3.40 mol•kg -1 , ( ), ( ), ( ), ( ), ( ) m 0 =4.20 mol•kg - 1 . Predictions with the NRTL-PRA model (---colors correspond to symbols). (c): eCPA representation [3].

  Fig.5. VLE of (a) nitrogen(1) -water(2) and (b) hydrogen sulfide(1) -water(2) with sodium chloride. NaCl molality m 0 =1.00 mol•kg -1 . (a) [51]: ( ) T=325 K, ( ) T=376 K, ( ) T=399 K. (b): ( ), ( ) T=323 K [52,43], ( ) T=373 K [52], ( ) T=423 K [52], ( ) T=473 K [52]. Calculations with the NRTL-PRA model (---colors correspond to symbols).

  Fig.6. VLE of (a) methanol(1) -water(2) and (b) ethanol(1) -water(2) with sodium chloride at 1.01 bar with various NaCl molar fractions x NaCl . (a): ( ), ( ), ( ) x NaCl =0.00[53][54][55], ( ), ( ) x NaCl =0.03[56,57], x NaCl =0.09[56] ( ). (b): ( ) x NaCl =0.00[58], ( ) x NaCl =0.01[56], ( ), ( ) x NaCl =0.03[56,57]. Calculations with the NRTL-PRA model (---colors correspond to symbols).

  Fig. 7. VLE of carbon dioxide(1) -methanol(2) -water(3) with sodium chloride. Data of Pérez-Salado Kamps et al.[33] at: ( ) T=314 K, ( ) T=354 K, ( ) T=395 K for various solute-free solvent mixture composition ρ and molalities m s . (a) ρ=0.049, m s =1.74 mol•kg -1 . (b) ρ=0.750, m s =0.25 mol•kg -1 . Predictions with the NRTL-PRA model (---colors correspond to symbols).

  Fig. 8. VLE of methane(1) -water(2) with: (a) MgCl 2 and (b) LiCl, for various molalities m 0 . (a) T=298 K: ( ), ( ), ( ) m 0 =0.00 mol•kg -1 [59-61], ( ) m 0 =0.50 mol•kg -1 [62], ( ) m 0 =1.00 mol•kg -1 [62], ( ) m 0 =2.00 mol•kg -1 [62]. (b) T=313 K: ( ), ( ), ( ), ( ) m 0 =0.00 mol•kg -1 [63,60,59,64], ( ) m 0 =2.49 mol•kg -1 [62], ( ) m 0 =4.99 mol•kg -1 [62], ( ) m=7.99 mol•kg -1 [62]. Calculations with the NRTL-PRA model (---colors correspond to symbols).

  Fig.9. VLE of carbon dioxide(1) -water(2) with: (a) KCl and (b) CaCl 2 for various molalities m 0. (a) T=353 K: ( ) m 0 =0.00 mol•kg -1 [65], ( ) m 0 =0.50 mol•kg -1 [66], ( ) m 0 =1.00 mol•kg -1 [66], ( ) m 0 =2.50 mol•kg -1 [66], ( ) m 0 =4.00 mol•kg -1 [66]. (b) T=298 K: ( ) m 0 =0.00 mol•kg -1 [67], ( ) m 0 =0.437 mol•kg -1 [48], ( ) m 0 =0.879 mol•kg -1 [48], ( ) m 0 =1.349 mol•kg -1 [48]. Calculations with the NRTL-PRA model (---colors correspond to symbols).

  Fig10. VLE of: (a) ethanol(1) -water(2) with LiBr and (b) 1-propanol(1) -water(2) with KBr, for variable values molalities m 0 . (a) Comparison of predicted pressures with experimental data[68] at: ( ) T=298.15 K, (   ) T=303.15 K, ( ) T=308.15 K, ( ) T=313.15 K, ( ) T=318.15 K. (b) Comparison of predicted temperatures with experimental data [69] under P=1.01 bar. Calculations with the NRTL-PRA model.

  ). The dissociation of salts into p ion ions leads, obviously, to the increased total component number, =

								tot p	p	SF	ion p
	i	i	/	tot	,	tot	=	SF	ion

+ , and mole numbers, n i, , and fractions, x i , of the liquid phase:

  ; indeed, not only critical parameters of ions are unknown, but it is commonly assumed that salts are not present in vapor or hydrocarbon liquid phases, so that great attention must be paid to the calculation of phase equilibria.In the proposed modeling, the a and b parameters of the cubic EoS only depend on the solvent mole fractions (salt-free), while the E

	g	E EoS	excess Gibbs energyEoS g	excess Gibbs energy is still described with: the residual
	term, E	

res g , taking account for all component interactions, and the dissociation term, E diss g , relative to the decrease of interactions between associating components during mixings; nevertheless, as pointed out in paragraph 2.2, for all solvent mixtures considered in this work (except for methanol with carbon dioxide in presence of water) the estimation of the E diss g term was not required. The presence of electrolytes leads to a major modification of E res g ; contrary to other cubic EoS, the proposed

Table 1 .

 1 NRTL-PRA groups K and subgroups k: surface area Q k and volume R k [Ref.], stereochemistry S k and polarity P k. . (* ) this work, with ionic radius Ir ion

Table 3 .

 3 Parameter values of the relative permittivity ( )

r T ε : CRC values at the reference temperature T ref /K for light gases and estimations from Eq.(

19

) for polar compounds.

Table 4 .

 4 Correlation of VLE data for light gases and alcohols with water and NaCl. Literature data: intervals of experimental temperatures (Tmin, Tmax, in Kelvin), pressures (Pmin, Pmax, in bar), amount of salt introduced in the solvent (mmin, mmax), type* of measurements and references (Ref.).

Modeling: isothermal data, with number of pressures (N P ) and deviations (∆P/P%); isobaric data, with number of temperatures (N T ) and deviations (∆T/T%); vapor phase composition data, with number of points (N y ) and deviations (∆y/y%). type* : salt molality (m), mole fraction of salt (x)

Table 5

 5 Correlation of VLE data for light gases and alcohols with water and other salts. Literature

data: intervals of experimental temperatures (Tmin, Tmax, in Kelvin), pressures (Pmin, Pmax, in bar), amount of salt introduced in the solvent (mmin, mmax), type* of measurements and references (Ref.). Modeling: isothermal data, with number of pressures (N P ) and deviations (∆P/P%); isobaric data, with number of temperatures (N T ) and deviations (∆T/T%); vapor phase composition data, with number of points (N y ) and deviations (∆y/y%). type* : salt molality (m), mole fraction of salt (x)

Table 1

 1 NRTL-PRA groups K and subgroups k: surface area Q k and volume R k [Ref.], stereochemistry S k and polarity P k. . (* ) this work, with ionic radius Ir ion[24]).

	K	k	Q k	R k	S k	P k	Ref. Ir ion (pm)
		CH 3	0.848	0.901	2.80	0.0	[21]	
	Paraffin (PAR)	CH 2 CH	0.540 0.228	0.674 0.447	2.00 -5.65	0.0 0.0	[21] [21]	
		C	0.000	0.220	-5.65	0.0	[21]	
	Methane (CH 4 )	CH 4	1.124	1.129	1.17	0.0	[22]	
	Carbon dioxide (CO 2 )	CO 2	0.982	1.300	1.00	0.0	[22]	
	Nitrogen (N 2 )	N 2	0.930	0.856	1.00	0.0	[22]	
	Hydrogen sulfide (H 2 S)	H 2 S	1.202	1.235	1.00	0.0	[22]	
	Water (H 2 O)	H 2 O	1.400	0.920	1.00	1.0	[21]	
	Alcohol (OH)	OH	1.152	1.270	1.00	1.0	[21]	
	Sodium cation (Na + )	Na +	0.360	0.400	1.00	1.0	*	99
	Magnesium cation (Mg 2+ )	Mg 2+	0.245	0.274	1.00	1.0	*	65
	Calcium cation (Ca 2+ )	Ca 2+	0.375	0.417	1.00	1.0	*	99
	Potassium cation (K + )	K +	0.500	0.560	1.00	1.0	*	133
	Lithium cation (Li +)	Li +	0.230	0.250	1.00	1.0	*	60
	Chlorine anion (Cl -)	Cl -	0.720	0.790	1.00	1.0	*	181
	Bromine anion(Br -)	Br -	0.780	0.850	1.00	1.0	*	195

Table 2c

 2c Values (in J/mol) of the NRTL-PRA group interaction parameters(2) methanol, ol2 = ethanol, 1-ol = primary alcohol, 2-ol = secondary alcohol).

	LK (ol1 = L\K Γ PAR CH 4 CO 2 N 2 H 2 S H 2 O	OH (ol1)	OH (ol2)	OH (1-ol)	OH (2-ol)
	PAR	0.00	0.00	0.00	0.00	0.00	0.00	0.00	0.00	0.00	0.00
	_____________________________________________							
	*corresponding author: evelyne.neau@univ-amu.fr							

Table 4

 4 Correlation of VLE data for light gases and alcohols with water and NaCl. Literature data: intervals of experimental temperatures (Tmin, Tmax, in Kelvin), pressures (Pmin, Pmax, in bar), amount of salt introduced in the solvent (mmin, mmax), type* of measurements and references (Ref.). Modeling: isothermal data, with number of pressures (N P ) and deviations (∆P/P%); isobaric data, with number of temperatures (N T ) and deviations (∆T/T%); vapor phase composition data, with number of points (N y ) and deviations (∆y/y%). type* : salt molality (m), mole fraction of salt (x)

	Components	T min -T max	P min -P max m min -m max	type	Ref.	NP ∆P/P%	NT	∆T/T%	Ny	∆y/y %
	Light gases											
	Methane	298 -513	24 -70	0 -5	m	[45,51,62,70]	179	29.40	-	-	-	-
	Carbon dioxide	268 -537	0 -400	0 -6	m	[46-49,66,71-82]	518	15.54	68	9.29	36	0.64
	Nitrogen	323 -353	101 -616	1 -4	m	[51]	33	8.30	-	-	-	-
	Hydrogen sulfide	298 -573	1 -400	0 -6	m	[43,52,85-87]	233	16.41	277	2.31	10	24.72
	Alcohols											
	Methanol	298 -397	0 -5	0 -7	m	[69,88-93]	172	3.16	14	0.27	131	6.64
		342 -373	1	0.03 -0.09	x	[56,57]	-	-	17	0.42	17	6.28
	Ethanol	298 -367	0 -1	0 -1	m	[94-100]	31	6.06	101	0.94	-	-
		306 -367	1	0.01 -0.05	x	[56,57]	-	-	23	0.96	124	12.51
	1-Propanol	333 -382	0 -1	0 -7	m	[91,101-104]	15	5.62	53	0.35	41	13.16
	2-Propanol	353 -363	0 -1	0 -6	m	[105,106]	-	-	62	0.56	42	22.31

Table 5 .

 5 Correlation of VLE data for light gases and alcohols with water and other salts. Literature data: intervals of experimental temperatures (Tmin, Tmax, in Kelvin), pressures (Pmin, Pmax, in bar), amount of salt introduced in the solvent (mmin, mmax), type* of measurements and references (Ref.). Modeling: isothermal data, with number of pressures (N P ) and deviations (∆P/P%); isobaric data, with number of temperatures (N T ) and deviations (∆T/T%); vapor phase composition data, with number of points (N y ) and deviations (∆y/y%). type* : salt molality (m), mole fraction of salt (x)

	Components	T min -T max	P min -P max m min -m max type	Ref.	N P	∆P/P%	N T	∆T/T%	Ny	∆y/y %
	Methane											
	-MgCl 2	298	24 -52	0 -2	m	[62]	9	9.90	-	-	-	-
	-CaCl 2	298	24 -52	0 -2	m	[62]	9	10.48	-	-	-	-
	-KCl	313 -373	0 -98	1 -4	m	[66]	84	9.70	-	-	-	-
	-LiCl	313 -353	0 -75	2 -5	m	[66]	45	12.69	-	-	-	-
	-KBr	313 -353	0 -80	2 -5	m	[66]	35	6.30	-	-	-	-
	-LiBr	313 -353	0 -100	1 -5	m	[66]	45	3.71	-	-	-	-
	Carbon dioxide											
	-CaCl 2	298 -423	16 -712	0 -4	m	[48,105,108]	62	12.16	-	-	-	-
	-KCl	313 -423	0 -182	0 -4	m	[66,75]	126	14.88	-	-	30	0.66
	Ethanol											
	-LiCl	298 -318	0 -1	0 -1	m	[68]	55	8.36	-	-	-	-
	-LiBr	298 -318	0 -1	0 -1	m	[68]	55	4.70	-	-	-	-
	1-Propanol											
	-KBr	360 -364	1	0 -7	m	[69]	-	-	36	0.46	36	13.06

2 / /

(0)(1), LK LK

LK LKT T T T

Acknowledgements

The authors would like to gratefully thank Olivier Baudouin (ProSim) and Isabelle Raspo (M2P2) for valuable discussions.

Γ OH*/CH2 = -37.35

(1) 

Na +

0.00 0.00 0.00 0.00 0.00 0.00 0.00

Mg 2+

0.00 0.00 0.00 0.00 0.00 0.00 0.00

Ca 2+

0.00 0.00 0.00 0.00 0.00 0.00 0.00

K +

0.00 0.00 0.00 0.00 0.00 0.00 0.00

Li +

0.00 0.00 0.00 0.00 0.00 0.00 0.00

Cl -

0.00 0.00 0.00 0.00 0.00 0.00 0.00

Br -

0.00 0.00 0.00 0.00 0.00 0.00 0.00
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(3) = -6.44795382

ϕ (1) x SF (1) = 0.78693363

(2) = 6.661939 •10 -4 (3) = 1.486675•10 -3

Vapor phase

n SF = n tot = 1.00000000 x SF (1) = x(1)= 0.99652221

(2) = 0.00112455

(3) = 0.00235324 (2) = -0.52356152

(3) = -0.45924944 ϕ (1) x SF (1) = 0.78693363

(2) = 6.661939 •10 -4 (3) = 1.486675 •10 -3