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Introduction

Electrolyte solutions

– Wastewater treatment, extraction, distillation, seawater 
desalination, salt-added bioseperation…

– Need for understanding of thermodynamics

– For engineering purposes
Experimental work

A good model capable of describing the phase behavior
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Introduction

More difficult to model than most other 
solutions

– Ions : Interaction both each other and with 
solvents

– Charged particles
Low concentration : dominant electrostatic force

High concentration : Short-range forces become 
important.

– The chemistry of solutions changes at different 
conditions such as temperature and density.
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Introduction

Excess Gibbs function
– Debye-Hückel, Pitzer model, electrolyte NRTL …
– Useful for non-idealities of electrolyte solutions
– Not adequate to high pressure applications

Equation of state approch

– Applicable to wide range of pressure
– Description of phase equilibria using unified 
model
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Electrolyte NLF-HB Equation of State

Development of an equation of state for 
electrolyte systems

– Fully ionized electrolyte solutions

– Electrostatic interactions => Mean spherical 
approximation(MSA) model

– Association(or hydration) => Veytsman statistics
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Electrolyte NLF-HB Equation of State

Helmhlotz free energy

– Athermal contribution
Guggenheim-Huggins-Miller approximation

– Residual contributions 
Quasi-chemical approximation

– Association contributions
Normalized Veytsmann statistics

– Long-range contributions
Mean spherical approximation
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Electrolyte NLF-HB Equation of State

Helmhlotz free energy
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Electrolyte NLF-HB Equation of State

Chemical potential : Pvr
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Electrolyte NLF-HB Equation of State

Pressure
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Athermal and residual 
contributions

Association contribution
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Electrolyte NLF-HB Equation of State

Parameters for solvent 

– energy and size parameters

– Hydrogen bonding energy and number of donor and 
acceptor

– Obtained by fitting saturated vapor pressure and 
density
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Electrolyte NLF-HB Equation of State

Three parameters for salts

– Interaction energy and segment number
Mean values of cation and anion

Size in MSA term

– Hydration energy and donor number for cations
Fixed to 7 for donor number

– Obtained by fitting mean activity coefficients and 
osmotic coefficients
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Thermodynamic properties

Mean ionic chemical potential and mole 
fractions

Molal mean activity coefficient and osmotic 
coefficient

where

iiiiiii −−++−+± +=+ νµνµννµ )( iiii

i ii xxx −+−+

± −+
+ = νννν )(

∞
±±

∞
±±± ×−= i

l
i

l
i

l
i

l
i xxRT /]/)exp[(* µµγ

∑−=
ions kSSS xRTxx γφ ln

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+−= ∑∑

==
±±±

solvent

j
j

salt

k
kk

l
i

m
i xx

11

** /1lnlnln νγγ



Thermodynamics & Properties Laboratory

Parameters for salts
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Parameters for salts



Thermodynamics & Properties Laboratory

Results

Molality
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Comparison of experimental mean activity coefficient and osmotic coefficient 
and calculated results
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Results
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Results

Molality
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Comparison of experimental mean activity coefficients and calculated results for 
concentrated electrolyte solutions
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Comparison of Models

Electrolyte NRTL model(based on GE model)

– Chen et al. (1999)
– Two adjustable parameters and hydration number

Myers and Sandler (2002)

– Equation of state approach
– Three adjustable parameters for each salts
– The Born contribution for hydration process and 
MSA model for electrostatic interaction
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Results
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Results



Thermodynamics & Properties Laboratory

Results : Summary

a : calculated up to 6 molal
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Conclusion

Development of electrolyte NLF-HB equation 
of state

– Electrostatic interactions by mean spherical 
approximation

– Hydration(association) contribution by Veytsmann
statistics

Mean activity coefficients, osmotic 
coefficients, and densities were calculated for 
60 electrolyte solutions


