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Introduction

Debye- Hückel 
 for dilute electrolyte solution 

Pitzer (1973)
 Single salt aqueous system 

Bromley (1973)
 2 ionic constants for each ion
 1salt parameter, extend to mixed- electrolyte
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Introduction

Meissner (1972)
 1 salt parameter, extended to mixed-electrolyte
 extrapolated to high concentration

Chen, Evans (1986)
 NRTL term + D-H term  ; nonidealities
 2 parameters
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Introduction

Gibbs function
 D-H term + short range interaction term
 NRTL : Cruz and Renon (1978)                             

Chen et al (1982),  Mock et al (1986)
 UNIFAC : Kikic et al (1991)                   

Achard et al (1994)
 UNIQUAC : Polka et al (1994), Li et al(1994)            

Macedo et al (1990), Sandler (1986)                
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Introduction

Different models for solute and solvent

In this work, 
 unified model for mixed solute and mixed 

solvent system 
 : short range : electrostatic interaction ,                   

non-electrostatic interaction
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Excess Gibbs Function Model

D-H term

 by De M.Cardoso and O’Connell (1987)   
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Excess Gibbs Function Model

Short-range interaction term
 segment number , surface area parameter, 

nonelectrostatic interaction energy parameter
 from Helmholtz function                                 

new lattice-hole theroy (Yoo et al 1995)
 A ≅ GE (Wong and Sandler, 1992)
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Excess Gibbs Function Model

 atermal contribution in symmetric convention

 residual contribution of UNIQUAC
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Excess Gibbs Function Model

Solvent Activity coefficients
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Excess Gibbs Function Model

osmotic coefficient :

solute activity coefficient 
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Excess Gibbs Function Model

 Interaction between ions
 interaction with uncharged species

• nonelectrostatic interaction 

Parameters : molecular (          ),    
ions (                            ), 
by Robinson and Stokes 1955 data         
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parameters
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Single Electrolyte Aqueous Systems
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Mixed Elecrolyte Aqueous System
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Mixed Electrolyte Aqueous System
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Mixed Electrolyte Aqueous System
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Conclusion

A unified excess Gibbs function moldel for 
mixed-electrolyte mixed-solvent system

Short range interaction term : new lattice-
hole Helmholtz free energy 

2 parameters for solvent, 3 parameters for 
each ionic species


