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Introduction

• Application of thermodynamic properties of volatile 
weak electrolytes in aqueous solutions  

– Fertilizer industry, food industry, chemical industry, 
environmental engineering

• Historical approach

– based on Pitzer’s equation (1973)  :                    
Edwards et al. (1975,1978) 

– based on NRTL theory                                    
charge-charge & charge-molecule interaction :           
Cruz and Renon (1978,1979)                               
Chen and Evans (1986)                                     
Chen et al (1979, 1980)                           



KOREA University, Thermodynamics&Properties LAB          

Introduction

– PHC equation  :                                                    
Daumn et al (1986)

• Perturbation theory (Jin & Donohue, 1988) 

– Charge-charge interaction 

– Charge-molecule interaction 

– PACT (Perturbation Anisotropic Chain Theory ) :           
4 parameters (s,q,ε,c)

• Neutral molecules : PACT fitting (vapor pressure & liquid density)

• Ion molecules : calculated by ionic radius and polarizability

• No adjustable parameters determined by fitting the 
equation to experimental data
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Thermodynamic Analysis

• Vapor-liquid equilibria 

• Henry’s Constant , H
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Thermodynamic Analysis

• Overall mass balance

• Dissociation

• Charge balance 
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Equation of State

• EoS can be obtained from Helmholtz free energy

• Helmholtz free energy

– Perturbed Anisotropic Chain Theory          
(Vimalchand et al,1985)
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Carnahan and Starling (1972)
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Equation of State

• Attractive term

• Equation of State
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Equation of State

• Chemical potential

• Properties for VLE calculation : 
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Determination of Parameters for Ions

• Each particle can be divided into ‘s’ equal-size : 
interactions between two particles can be considered 
as a sum of the segmental interactions of them

• Each particle has surface area ‘q’, interaction energies 
per unit surface area ‘ε’

• PACT contains another parameter, ‘c’
– For simple molecules , c=1

• Parameters for Molecule 
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Determination of Parameters for Ions

• Parameters for ions

3
2

3

CH

ion
sion r

rCs = 2
2

2

CH

ion
ion r

rq =

6
2

5.0
,

2/3 )(
356

CH

ioneionion

r
n

k
αε =



KOREA University, Thermodynamics&Properties LAB          

Calculations and Results

• Equilibrium constant K

4321 ln/ln ATATATAK +++=
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Calculations and Results
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Calculations and Results
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Calculations and Results

• Fig6,fig7
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Calculations and Results
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Conclusion

• The agreement between this model and other 
correlations is remarkable with determining unique 
parameter values when regressing so many 
parameters from the experimental data and no 
adjustable parameter

• PACT EoS shows considerable promise for prediction 
vapor-liquid equilibrium behavior of weak electrolyte 
aqueous solution without any adjustable parameter


