
International Journal of Emerging Trends in Engineering and Development                  Issue 7, Vol.4 (July 2017) 

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                  ISSN 2249-6149 

©2017 RS Publication, rspublicationhouse@gmail.com Page 209 
 

Extractive Distillation of Azeotropic mixtures using Salt: 

A review. 
 

Rajul P.Bhatt
#1

,  S.A.Puranik
#2

 
#1. Assistant Professor, Chemical Department, L.D.College of Engineering, Ahmedabad.  

 

#2. Director , Environment Cell, Atmiya Institute of Technology and Science, Rajkot. 

                                                
   

ABSTRACT 

Separation and purification are an integral part and a major cost factor in the chemical 

industry. Distillation, a very commonly used solvent separation and purification process in 

neither cost effective nor process efficient, especially when dealing with close-boiling and 

azeotropic solvent mixtures. Currently available technologies are costly because either they 

require addition of a third component which is to be separated later on or installation of new 

equipment or modification of existing one.    

Instead a non volatile salt could be used as a separating agent to alter VLE of the 

given mixture. Concept of addition of salt to liquid mixtures is not new. It was started in the 

end of nineteenth century by Miller. Many scientists studied salt effect on VLE of binary 

mixture for different purposes. The complete literature on salting in and out in liquid 

solutions had been comprehensively studied by Long and McDevit. In 1960 Furter and 

Johnson reported salt effect to chemical potential. 

Since then, after years this area remained of interest for scientists. Many systems were 

studied and  different equations were proposed. Still some questions are unanswered. 

Recently a novel  qualitative approach given by Aly J.Castellanos –Suarez and Aileen Lozsan 

(2012) in terms of SRD(Semi regular Diagrams) after studying salt effect on some  azeotropic 

mixtures . Effect of four different salts on VLE of methyl acetate-methanol system was 

observed by J.Dhanlakshmi, P.S.T.Sai and A.R.Balakrishnan(2014) using Modified Othmer 

recirculation still. They made an attempt to characterize the salting phenomenon with 

inorganic electrolytes by using scaled particle theory. 

  

This paper reviews different articles applying the same principle to different azeotropic 

systems. The results are compared. The research gap is identified and areas of further 

development are suggested, aiming to identify safer, environment friendly and economical 

technique. 
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INRODUCTION 

 

Separation and purification are an integral part of the Chemical Industry. Among all available 

separation techniques of liquids, distillation is the most widely applied technique. Despite its 

widespread use, distillation consumes large amount of energy (about 95% of the total energy) 
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for the separation process.  

 Advantage of distillation is that we find product in pure form but it cannot be used when the 

mixtures to be separated are close boiling or form azeotropes.   

 Processes for separation of azeotropic mixtures can be classified as follows:  

(1) Enhanced distillation processes  

(2) Membrane processes  

(3) Process Intensification.  

Among these three processes, Enhanced distillation processes involves enhancement of the 

distillation process by modifying the process condition and configurations. This 

modifications include; extractive distillation , azeotropic distillation and  pressure swing 

distillation.  

The second category  involves utilization of  membrane separation technology which includes 

pervaporation process. The pervaporation process offers low energy consumption and better 

safety and is more environmental friendly than conventional processes but it is yet to be 

proven in large scale application.  

Third category process intensification consists of development of new apparatus and 

techniques. The aim of process intensification  is to optimize capital, energy, environmental  

and safety benefits. This technology includes dividing wall column , microwave and 

ultrasonic techniques. 

 Among enhanced distillation technology, extractive distillation and azeotropic distillation 

processes are oldest technology. Azeotropic distillation has limitation that the entrainer must 

form another low boiling azeotrope with one of the component of the mixture  which has to 

be later separated by distillation. In Extractive distillation one can add suitable solvent which 

alters relative volatility of mixture there by breaking azeotrope , but it require extra 

purification step which adds to the cost.  

 

Instead of adding solvent/entrainer  one can  add salt into the azeotropic mixture.  

 

There are many advantages of  using salt instead of liquid entrainers. 

 (1) since salts are not volatile, energy consumption is less  

 (2) overhead product will be in pure form as salts are non-volatile.  

 (3) In many processes small amount  of salt is suffice to make desired separation. 

 

 When salt is added to a solution of two liquid components, it alters the boiling point, 

mutual solubility of the liquid components and equilibrium composition of vapor phase. The 

effect of the addition of charged species to binary liquid solution is a complex phenomena 

because of the variety of interactions involved. The magnitude of these interactions is 

influenced by the nature of salt and their composition. Thus the magnitude of salt effect on 

vapor composition depends on the difference between solubility of the salt in both solvents. 

This phenomena has been exploited for the distillation of close boiling and azeotropic 

aqueous solvent mixtures with the deliberate addition of a suitable dissolved salt. 

 Salting out is used to denote a decrease in the solubility of non-electrolyte in the 

solution or an increase in its activity coefficient caused by addition of salt and salting in 

refers to the opposite case. 

 In the study of VLE of mixed solvent salt systems, it is important to monitor the salt 

free systems under the same conditions with the same chemicals and same apparatus. Thus 

interaction parameters of a salt free systems are obtained and these parameters are used to 

correlate the experimental  data of the salt system. 

 Theory of addition of salt to effect VLE of the systems are not new. Many 

experiments were carried out by many scientists. Early work was done by Miller 1897
[1]

. He 
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stated that the addition of a dissolved salt more soluble in water than in ethanol to aqueous 

ethanol would result in the depression of the partial pressure of the water and elevation of that 

of alcohol. The magnitude of salt effect would depend on the difference in solubility of the 

salt in pure water and in pure alcohol. He also observed that total pressure of an alcohol water 

mixture at constant temperature was increased by addition of KCl. He concluded that whether 

the total vapor pressures of a binary system was raised or lowered by salt addition depend 

merely on whether the partial pressure of one component was lowered more or less than that 

of the other was raised which on turn depend on properties of components. 

  Limited studies of  salt effect on vapour –liquid equilibrium curves was carried out by 

Jost
,[2]

 Yamamoto
[3],

 Samaddar and Nandi 
[4],

 Bogart and Brunjes
,[5]

 Johnson, Furter and 

Ward
.[6]

 

   Other  investigators distilled binary mixtures first alone and then in the presence of salts 

,measuring either the distillation rate  or degree of enrichment of the overhead product. 

 Industrial applications of salt effect in VLE were reported by Bogart and Brunjes
[7,7a]

 

and Gorhan 
[8]

and Dittmur
[9],

 Morrell and Gilliland 
[10]

 and Kelly
[11].

   

Tursi ,  Thompson 
[12]

 and Fogg
[13]

 attempted empirical correlations also. 

In general, the previous work in the   field  of salt effect  in vapour-liquid equilibrium has 

been rather uncertain in nature and tending to lack in fundamental  approach. Doubts have 

been voiced over the validity of many of the data. Little   but qualitative observations 

confirming the early work of Miller have been drawn. 

 The complete literature on salting in and out in liquid solutions has been reviewed 

comprehensively by Long and McDevit
.[14]

 They indicate that the standard method of 

correlating salt effect is to represent the log of the activity coefficient of the non-electrolyte 

as a power series in the concentration of all solute species i.e. salt and non-electrolyte. The 

result is limiting relation 

                                        log𝛾2s = k32N3  +  k22N2...... 

Where components 1,2,3 represent water, non electrolyte and salt respectively. 

Where k32 is ion- non electrolyte interaction parameter and k22 is non electrolyte  self 

interaction parameter, units of which are either molarity or mole fraction.  k32 is known as salt 

effect parameter and is commonly used to  indicate magnitude of salt effect. 

 

This paper reviews the different articles for separation of some azeotropic mixtures using 

salts. The review is divided into five main category.  

1. System consisting of azeotropic mixture of alcohol –water 

      2. System consisting of azeotropic mixture of acid –water. 

      3. Other systems forming azeotrops   

      4. Liquid-liquid equilibria  

      5. Separation of  azeotropic mixtures using ionic liquids  

 

 

The results are compared. The research gap is identified and areas for further development 

are suggested, aiming to identify safer, environment friendly and economical techniques. 

  

 

1) SYSTEM CONSISTING OF AZEOTROPIC MIXTURE OF ALCOHOL-       

WATER 

  

A.I. Johnson and W. F. Furter
[15]

 were reported VLE data at atmospheric pressure for the 

systems methanol-water ethanol -water and n-propanol- water each, saturated with a variety 
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of common in organics salts. A simple equation was proposed for representation of salt 

effect. They predicted that in a binary system due to addition of salt chemical potential of one 

component is decreased and that of other is increased. And this can be represented by in 

terms of activity. 

                                                  𝒍𝒐𝒈
𝒂𝒔

𝒂
 =  k3N3 

Where 𝒂𝒔 and 𝒂 are relative volatility with and without salt respectively.  

 k3 is salt effect parameter  , N3 is mole fraction of salt.   

In case of salts of organic acids, the validity of the further equation decreases with increase in 

salt concentration, thereby limiting its application. 

 

Shuzo Ohe
[16]

 proposed a model to predict salt effect on vapor –liquid equilibrium which 

describes that a salt forms preferential solvate with one of the solvents in a binary solvent 

system. In 1991 he successfully examined this model for 386 two  solvent + 47 single –salt 
[17]

systems. In 1998
[18]

 Ohe modified his previous model. He proposed a model considering 

the formation of a preferential solvate with one of the solvents in a two solvent system. The 

proposed model predicts the salt effect by solvation number between each pure solvent and 

salt determined from the vapor pressure depression caused by the solvation. The salt effect on 

VLE was satisfactorily predicted for a methanol + ethanol + water + CaCl2 system from 

vapor pressure depression data of methanol+CaCl2, Ethanol+CaCl2 and water+CaCl2 

system. Ohe model required the determination of the solvation number which is independent 

of the salt concentration. Since, it is not possible to use a single solvation number to represent 

VLE behavior over the entire salt/solvent concentration range, this method is not applicable 

over entire salt concentration 

 

 Experimental data were presented on VLE by F. Gironi and L . Lamberti 
[19]

 for the Water-2 

propanol system, water- 2-propanol-MgCl2 and water-2 propanol-MgBr2 system. The salting 

out effect of the salts on the binary mixture was shown together with the consequent shifting 

of the azeotropic composition. The experiments were carried out in re circulaion still at 

atmospheric pressure taking samples of both the phases. To correlate the experimental data 

Macedo model was used which is combination of  Modified UNIQUAC equation containing 

concentration dependent parameters with a Debye-Huckel type term. The interaction 

parameters between solvents and ions and between two solvents are evaluated by the fitting 

of the experimental  data. It was showed that both salts had a strong salting out effect on 2-

propanol with increasing vapor phase mole fraction of alcohol. MgCl2 eliminates azeotrope 

completely at the maximum concentration. They reported Y2exp and Y2cal and also P = (Pcal- 

Pexp) mmHg.They obtained a new set of interaction parameters but it was shown that the 

model over estimated vapor phase mole fractions in the water rich regions of the mixtures.

  

 

A method for the prediction of the salting effect on the VLE of  alcohol – water+ salt systems 

was proposed by T.J.Chou and A.Tanioka
[20].

 Here, the non-idealities of the liquid phase are 

considered using Tan’s modified Wilson model to describe the solvent – solvent interaction 

obtained by original Wilson model and solvent salt interaction which can be estimated by the 

contribution of ion-ion and solvent ion interactions. The parameters required by the proposed 

method can be gained from the solvent –solvent inter action parameter in the liquid phase 

activity coefficient model and the vapor pressure data of the solvent-salt system. Proposed 
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method was used to predict VLE of 16 alcohol + water + salt systems and predicted results 

agree well with the experimental data reported in the literature. Some deviations were found 

which were due to assumption that salting effect on alcohols were neglected here. They 

calculated Y and T and compared with Tan’s model. 

 

 In 1999 Isothermal VLE data at 60
o
C for the system 1-propanol-water-salt were 

obtained by F.A. Abu Al-Rub, F.A.Banat and J.Simandl
[21]  

using HSGC. Three different salts 

were investigated NH4Cl, NaCl & CaCl2. It was showed that 0.5 M NH4Cl and 0.5 M CaCl2 

had no effect on VLE of the system but NaCl with same molarity shifted azeotropic point 40 

mole % 1-propanol to about 60 mole % when NaCl added under saturated conditions. The 

experimental VLE results without and with salt were correlated successfully by the Furter 

equation. They reported salt effect parameter which was found  to be strongly liquid 

composition dependent. Same authors[22] studied VLE of 1 propanol-water under isothermal 

conditions at 60
o
C in presence and in absence of  molecular sieves (3A

o
 and 4A

o
) using 

HSGC technique. The results obtained showed that VLE of propanol-water mixture  was 

altered significantly in the presence of molecular sieves and the azeotropic point of the 

system and the azeotropic point at about 40 mol %1-propanol was eliminated in presence of 

molecular sieves. They reported only, x, y, values and .  

 

 Isobaric, VLE values at 1 atmospheric pressure were measured by W.L.Wu, 

Y.M.Zhang and others
[23]

 for the systems 1-propanol-water-CH3COOK and 2-propanol-

water-CH3COOK using modified Othmer recirculation still. Here a modified Furter equation 

was proposed to correlate the effect of dissolved salts on VLE. 

                                            ln(s/) = K1z + K2z
2
  

 

where , s is relative volatility in the mixed solvent electrolyte solution ,  is relative 

volatility in a salt free solution and K1 and  K2 are two adjustable parameters, z is salt 

concentration expressed in terms of moles of salt/ moles of salt + moles of solvents. 

They correlated VLE for 15 mixed solvent electrolyte systems by this correlation and  found  

better results compared to original equation. The advantage of the equation was that it could 

predict salt effect on VLE without vapor pressure depression data of individual solvent 

systems. Drawback of the system is that bubble points for mixed solvent electrolyte system 

cannot be calculated. 

   Maria C. Illiuta, Kaj Thomsen and Peter Rasmussen 
[24]

 used extended 

UNIQUAC Model which have been used to describe the excess Gibb’s free energy for 

aqueous Electrolyte mixtures. They extended this model to aqueous salt systems containing 

non electrolytes. The model requires only pure component and binary temperature dependent 

interaction parameters. The calculations are based on an extensive data base consisting of salt 

solubility data in pure and mixed solvents of salt This model was applied to methanol + water 

system in presence of different ions and showed that the extended UNIQUAC model is able 

to be an accurate description of VLE and SLE in ternary and quaternary mixtures using same 

set of binary interaction parameters. Experimental data was taken directly from original 

papers. Due to unavailability of experimental VLE data at saturated values of salt and SLE 

data without reporting the mixture density, this method could not be applied to entire 

concentration range. In 2004 same authors
[25]

 extended their model  to aqueous  salt systems  

containing  mixture of higher alcohols. The calculations are based on an extensive data base 

consisting of salt solubility data, vapor liquid equilibrium data and liquid- liquid equilibrium 
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data for solvent mixtures and mixed solvent-electrolyte systems. The extended  UNIQUAC 

model has been shown to be a good thermodynamic model  for describing complex behavior 

of mixed solvent systems containing one or more salts. The interaction parameters are 

temperature dependent but are not dependent on the composition. 

 

 Ernesto Vercher, M. Isabel Vazquez, Antoni Martinez – Andreu 
[26]

 measured 

isobaric  VLE data with binary system  1- propanol+ LiNO3, water + LiNO3 and the ternary 

system 1 propanol + water + LiNO3  at  100  kPa using recirculating still. Due to addition of 

LiNO3, an important salting out effect on alcohol was produced resulting in disappearance of 

azeotropic point for higher concentration values of salt. They also observed that this effect 

was strong but smaller than that produced by CaNO3 and CaCl2 on the same system. For 

prediction of VLE of this ternary system, electrolyte NRTL model of Mock et. al was proved 

to be suitable. Here vapor phase composition was analyzed by GC and liquid phase was by 

Karl Fischer equipment. In 2004
[27]

 same authors extended their work to generate VLE data 

on 1-propanol + water + LiCl at 100 kPa and correlate VLE data to electrolyte NRTL model. 

Experiment results showed that there was salting out effect of the alcohol and azeotropic 

point was shifted towards higher concentration values. They found that this effect was and 

similar to that produced by LiNO3 but smaller than that produced by CaNO3 and CaCl2 on the 

same system. The electrolyte NRTL model was proved to be suitable to calculate the VLE of 

this system. The model also predicts the existence of minimum in equilibrium temperature 

which does not coincide with the azeotropic print.  

 

Same authors 
[28]

 measured isobaric VLE data for the same system with copper 

chloride as salt using a re circulating still at 100 kPa. The experimental data sets were fitted 

with the electrolyte NRTL model and the parameters of Mock’s model were estimated. It was 

observed that CuCl2 was not able to eliminate the azeotrope for the concentrations used in 

that work, though salting out effect of the alcohol was observed and azeotropic point was 

shifted towards higher concentration of alcohol. This effect was smaller than that observed 

for CaNO3, CaCl2, LiNO3 and LiCl2 on this system. The electrolyte NRTL model had proved 

suitable to represent VLE of this system. 

 

Zhigang Lei, Hongyou Wang, Rongqi Zhou and Zhanting Duan 
[29]

 used solvent + salt 

to separate ethanol - water azeotrope at atmospheric  pressure. Vapor liquid equilibrium data 

for the system ethanol-water, ethanol+ water + ethylene glycol and ethanol + water + 

ethylene glycol + CaCl2 were measured. It was found that ethylene glycol with added CaCl2 

was more effective than ethylene glycol alone for separation. Experiment was carried out in 

re circulating VLE still. 

 

T.C.Tan, C.M.Chai, A.T. Tok, K. W .Ho
[30]

 measured experimental VLE data for 

ternary solvent mixtures in water + ethanol + 2- propanol mixture saturated with NaNO3 , 

NaCl & KCl and containing 0.05 mol potassium acetate/mol total solvent. The experiment 

was carried out in modified Othmer still. All these salts salted in water more than ethanol and 

2- propanol and all except NaCl salted in ethanol relatively more than 2- propanol. This 

effects were well predicted by Tan-Wilson and Tan -NRTL model. The good accuracy shown 

by both these models in predicting the VLE of these solvents - solute mixtures including the 

criteria that a solvent component i   should be preferentially salted in or out of the liquid 

phase more than solvent component j would depend on whether Asj/Asi(Tan-Wilson) and 

exp (Tis -Tjs) (Tan- NRTL)  <1 or > 1 confirmed the validity of the two predictive models in 

describing the VLE of multi component solvents and solutes systems. 
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In 2005 T. C. Tan , Rowell Tan, L..H. Soon, S.H.P.Ong
[31]

  measured experimental 

VLE data of water-ethanol - 1 Propanol with NaCl, KCl and CuSO4 predicted by Tan-Wilson 

and Tan-NRTL phase models compared well with the experimental data. The prediction was 

based on the solvent - solvent interaction parameters obtained from the regression of the 

experimental VLE of the salt free mixture and solute-solvent interaction parameters 

calculated form from the bubble points of the individual components saturated with the 

respective salt. The extent of salting out of the solvent-components from the liquid phases by 

the three salts generally decreased in the order of 1 -propanol, ethanol and water giving a 

vapor phase rich in 1-propanol and ethanol and a liquid phase rich in water on at equilibrium. 

This effects were slightly different between NaCl and KCl and are significantly greater than 

those of copper sulphate. The observed salting effects are consistent with the criteria 

predicted by Tan. Here they used binary solvent-solvent interaction parameters to predict the 

phase equation of a ternary solvent mixture. This introduced some errors in vapor 

composition and bubble points. Same authors in 2005 measured experimental VLE data of 

water-ethanol- butanol saturated with NaCl, KCl and NH4Cl at atmospheric pressure  in 

modified Othmer still. Experimental studies showed that dissolved KCl preferentially salted-

out ethanol from the liquid phase more than 1-butanol while NaCl and NH4Cl showed no 

significant preference. All the salts showed significant salting in water and a vapor phase 

enriched in the organic solvent components. This effects were well described by Tan-Wilson 

& Tan-NRTL models. 

W.A.P. Magalhaes & M.F. Mendes
[32]

 measured experimental VLE data to check 

influence  of sodium acetate on VLE of the azeotropic mixture of water-ethanol. Experiment 

was performed in an Othmer type ebulliometer at atmospheric pressure. Experimental data 

showed that the azeotrope was not broken though ethanol was enriched in vapor 

phase.Moreover the system with very low concentration of sodium acetate had the better 

results due to vapor phase enrichment in ethanol even in the azeotrope concentration. The 

experimental data were well correlated by Macedo electrolyte model. 

2)  SYSTEM  CONSISTING OF AZEOTROPIC MIXTURE OF ACID- WATER  . 

 

Sei-Hun-Yun, Chul Kim and others 
[33]

measured experimental  data of effect of 

MgCl2 on isobaric VLE of formic acid water system at 760 mmHg using Othmer type 

equilibrium apparatus with  a  recirculating still. Formic acid and water form a maximum 

boiling azeotrope in their mixtures .To break this azeotrope MgCl2 was added in the mixture. 

MgCl2 salted out forming acid. The tendency became more significant with salt concentration 

factor and the mixture showed good agreement with Hala’s model with pseudo binary 

assumption for liquid phase, considering chemical equilibrium in vapor phase.  

Fawzi Banat, Sameer Al-Asheh & Jana Simandl 
[34]

 measured Isothermal VLE data 

(40 and 50
o
C) for propionic acid-water system in presence and absence of chloride salts, 

using HSGC. Propionic acid was salted out in presence of any chloride salt in following order 

AlCl3 >CaCl2  > NaCl > NH4Cl. No remarkable effect of temperature on VLE data and on 

the enhancement factor of propionic acid was observed. The data were successfully 

correlated by modified Furter equation. Same authors extended their study to observe effect 

of five inorganic salts AlCl3, CaCl2, KCl, KNO3, KBr on VLE data and binary system of 

propionic acid + water at 60
o
C using HSGC. Propionic acid was salted out in presence of salt 

in following order of preference AlCl3 > CaCl2, > KCl > KNO3 > KBr. The enhancement 

fact factor was dependent on the salt type and concentration. The expected data were fitted to 

modified Furter equation.  
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Mixture of Hydrochloric acid and water forms maximum boiling azeotrope so that 

separation by distillation is difficult. Zhang Ying and Zhou Rongqi 
[35]

produced VLE data for 

water + HCl + MgCl2 and water + HCl + CaCl2 at atmospheric pressure in Othmer 

recirculation still. Addition of salt resulted in salting out of  HCl  in vapor phase. The 

experimental data were correlated using modified Meissner’s method found good agreement 

between experimental and calculated results.  

3) SYSTEM CONSISTING OF AZEOTROPIC MIXTURE OF OTHER  SYSTEMS 

(OTHER THAN ALCOHOL AND ACID) 

 

Tan T.C. & Ti H.C. 
[36]

 measured Isobaric VLE data of  Ethanol + Toluene + Sodium acetate 

at atmospheric and sub atmospheric pressure in Labodest still. The experimental data were 

found to be slightly effected by system pressure and dissolved sodium acetate. Here salt free 

system was represented by Wilson two constant equation and VLE data for salt saturated 

system were predicted by the model proposed by Tan and results compared favorably with 

the experimental data. Tan proposed a parameter for solute-solvent which is an effective 

measure of solute effect on the solvent mixture which can be done by determining bubble 

points of the pure components of a given solvent mixture containing a given dissolved solute. 

Maria C. Iliuta and F.C.Thyrion 
[37] 

measured Isobaric VLE data for 

acetonemethanol system at 101.32 kPa using KI & NaI salts in modified Othmer 

equilibrium still. A salting out effect was observed for acetone for both salts. In both cases 

azeotropic point was shifted with higher concentration of salts. Experimental  VLE data of 

salt free system were correlated by Wilson, NRTL & UNIQUAC models. Salt effect was well 

predicted by Tan’s modified Wilson and NRTL models.  

Maria C.Iliuta, Ion Iliuta, O.M. Landauer and F.C.Thyrion 
[38]

measured experimental  

VLE data to study salt effect of LiCl  on VLE of acetone-methanol system at 101.32 kPa 

using modified Othmer equilibrium still. It was found from the data that mole fraction of 

acetone in the vapor phase was increased with increased concentration of salt, however, the 

azeotrope did not disappear at saturation. The vapor phase mole fractions were calculated 

using electrolyte  NRTL model showed good agreement with the expected results. However, 

the errors in bubble points are rather high at high salt concentrations, especially at saturation.  

VLE data of chloroform-ethanol and chloroform + ethanol + CaCl2 (at saturation) at 

94.0 kPa pressure were measured using a Malanowski equilibrium still by Naif A. Darwish 

and Zaid A. Al-Anber 
[39]

. CaCl2 had only slight salting out effect on chloroform. Azeotropic 

composition remained unaffected by the presence of CaCl2 .Salt free system was analyzed by 

ASOG, UNIFAC and modified UNIFAC model. Experimental data of the salt containing 

systems were analyzed using Tan Wilson and Tan-NRTL model. Both models showed 

similar capability in predicting bubble point temperatures and vapor-phase compositions. 

Isobaric (705 mmHg) VLE datawere measured by  Fahmi A. Abu Al Rub & Ravindra 

Dutta  
[40]

  for the systems water-pyridine and water-pyridine –CaCl2  using Modified Othmer 

circulation still. Water-pyridine systems forms azeotrope at a water composition of 75 mol %  

and a temperature of 92.60
o
C. The VLE of water-pyridine mixtures in the presence of CaCl2 

at different concentration found to be different from that of the salt free mixtures. CaCl2 

showed a salting out effect on water and azeotrope was eliminated at saturated salt 

concentration. The UNIFAC model was used to analyze the experimental  data of the salt free 

system and predicted results from these models were found to be in good agreement with the 

Experimental data. Experimental data with salt were not predicted by any model. 
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Changsheng  Yang, Xia Yin and Shengyong  Ma 
[41]

 measured isobaric VLE data for systems  

dimethyl carbonate (DMC) + methanol  and  dimethyl carbonate (DMC) +  methanol +  tetra 

methyl ammonium bicarbonate (TMAB)  at different salt mole fractions. The apparatus was 

modified Rose-Williams still .Edition of TMAB had a salting out effect on DMC which 

would be enhanced with the increasing salt concentration. The VLE data were predicted by 

modified Wilson and  NRTL model. 

Same authors 
[42] 

measured VLE data of methanol + Water + tetra methyl ammonium 

bicarbonate (TMAB) at below atmospheric  pressure  since TMAB is prone to decompose at 

about 393.15 K slowly. The apparatus was modified Rose-Williams still. VLE data were 

measured at pressure 66.52 kPa and 37.60 kPa. The VLE data of binary system were 

correlated by the Wilson model and ternary system was correlated by Ohe’s preferential 

solution model. Experiment   showed that TMAB had a salting  out effect on methanol which 

increased with increase in concentration of TMAB and decline of pressure. 

Effect of four inorganic salt was investigated by  J.Dhanalakshmi, P.S.T. Sai  

A.R.Balakrishnan 
[43],

 namely, zinc nitrate, calcium nitrate, magnesium nitrate and 

magnesium chloride on VLE of the binary methyl acetate  methanol system, using a 

modified  Othmer still at  atmospheric pressure. The salting out effect of methyl acetate was 

studied at different salt concentration. It was found that bivalent cation salts had greater 

salting out effect than univalent cat ion salts and zinc nitrate is more effective than the other 

nitrate salts of Ca & Mg even at low salt concentrations. Scaled particle theory was used to 

predict the salt effect on polar non aqueous systems qualitatively. The experimental salt effect 

parameter is compared with that obtained from scaled particle theory and showed poor 

agreement, since scaled particle theory has its limitations that it cannot be used for polar 

systems. 

4) SEPARATION OF AZEOTROPIC MIXTURES AT ROOM  TEMPERATURE    

(LIQUID LIQUID EQUILIBRIA) 

 

  When two different pure liquids are unable to mix in all proportions,  they are said to 

be partially miscible.  When these liquids are placed in contact with one another and allowed 

to come to thermal, mechanical, and transfer equilibrium, the result is two coexisting liquid 

mixtures of different compositions. 

    Liquids are never actually completely immiscible. To take an extreme case, liquid mercury, 

when equilibrated with water, has some H2O dissolved in it, and some mercury dissolves in 

the water, although the amounts may be too small to measure. 

 

M.Govindrajan and P.Sabarathinam 
[44] 

studied effect of  NaCl , NaNO3, Na2SO4 , ZnSO4 & 

(NH4) 2SO4 on LLE of water + 4 methyl  2 pentanones +  propionic acid or butanoic acid at 

35
o
C. The ternary LLE data of the systems were predicted using NRTL equation. LLE data of 

salt containing ternary liquid systems were investigated through Modified Campbell equation 

and constants obtained have been used to determine the extract phase, solute concentration 

and calculate salt effect parameter. Among the five salts used NaNO3 is found to be least 

effective in salting out fatty acid. 

A.H.Meniai & N.Bourayou  
[45]

 carried out experimental study to examine the salt effect on 

Liquid-Liquid Equilibrium for aqueous systems showing a complete miscibility in all 

proportions. Two systems were chosen, namely water-acetone and water-2 Propanol with 

NaCl & CaCl2 as salts. Experimental results were used to calculate the interaction parameters 
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involved in modified NRTL equation which has been extensively used for the prediction of 

the LLE. Experimental data were taken at 20.5
o
C for alcohol, water and NaCl and at 23

o
C for 

alcohol, water and CaCl2 system. Distribution coefficient and selectivity for different 

concentration of salts were calculated. It was found that due to addition of salts, the system 

was shifted from homogeneous to heterogeneous one. Experimental data was used to 

determine interaction parameters for modified NRTL model which showed good agreements 

between experimental and calculated results. 

Same authors extended their study 
[46]

 to study salting out effect of single salts NaCl 

and KCl on LLE of the systems water + toluene + acetone), (water + cyclohexane + 2 

propanol and (water + Xylene + methanol) at 25
o
C and atmospheric pressure. The choice of 

these three systems was based on the fact that two solvents are totally immiscible (water and 

an aromatic compound) and that the solutes (acetone, methanol and 2- propanol) are largely 

soluble in water. Results showed that both salts induced a salting out effect but the nature of 

solute has a great influence on the extent of this effect.  It was observed that both alcohols 

showed resistance to be salted out of the aqueous phase compared to acetone. The effect of 

both salts was almost similar, slightly more for NaCl. The tie line data are correlated using  

Mcdevit and long method. 

Ana B.Pareiro and Ana Rodriguez 
[47]

 obtained LLE experimental data in a laboratory 

scale packed column extraction system at 298.15 K for separation of azeotropic mixture of 

ethanol-hexane using [MMIM][MeSO4].It was found that [MMIM][MeSO4] was able to 

break the azeotrope. The data obtained were well fitted with NRTL equation. 

[MMIM][MeSO4] can be recycled thus reducing energy consumption. 

 

5) SEPARATION OF  AZEOTROPIC MIXTURES USING IONIC LIQUIDS 

 

Zheng Tian and others 
[48]

obtained VLE data for the ternary system of  butan-1-ol 

+butyl  ethanoate  + [BMIM][NTf2] and binary system of butan-1-ol +butyl ethanoate at 

101.3 kPa . The experimental VLE data were correlated by  NRTL model and the correlated 

results agreed well with the experimental data.The results showed that addition of 

[BMIM][NTf2] to the azeotropic mixture produced a significant salting out effect which 

enhanced relative volatility of butan-1-ol to butyl ethanoate. Ionic liquid entrainer was 

compared with conventional  entrainer Ethylene glycol and [BMIM][NTf2] proved more 

effective than Ethylene glycol. 

Qunsheng Li 
[49]

 and  others [measured experimental VLE data for the ternary system 

of tetrahydrofuran + methanol +[BMIM][BF4] and tetrahydrofuran + methanol 

+[EMIM][BF4]at 101.3 kPa in a modified Othmer still.The ionic liquids increases relative 

volatility of THF to methanol. [EMIM][BF4] has  stronger effect than  [BMIM][BF4] . 

[EMIM][BF4] eliminates azeotropic point while [BMIM][BF4] pulls down azeotropic 

point.The NRTL model reproduces the experimental results well. 

Experiments were carried out by Zhigang Lei, Xiaomin Xi, Chengana Dai, Jiqin Zhu and 

Biaohuna Chen
 [50]

 used mixture of ionic liquids and solid inorganic salt in separation of 

azeotropic mixture of ethanol –water. Experiments were carried out in modified Othmer Still 

with Ionic liquid selected as [EMIM]
+
[Ac]

-  
and ten different salts were used at fixed salt 

concentration. Isobaric VLE data were obtained to determine whether the mixture of 

[EMIM]
+
[Ac]

-   
and solid inorganic salts as entrainer can improve the separation performance 

in comparison with  single [EMIM]
+
[Ac]

-
 and to determine  optimum  concentration of salt.  



International Journal of Emerging Trends in Engineering and Development                  Issue 7, Vol.4 (July 2017) 

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                  ISSN 2249-6149 

©2017 RS Publication, rspublicationhouse@gmail.com Page 219 
 

VLE data were obtained for alcohol + water + [EMIM]
+
[Ac]

-
  and alcohol + water + 

[EMIM]
+
[Ac]

- 
+ salt systems. It was found that all the mixed entrainers investigated improve 

the selectivity of  ethanol to water in comparison with [EMIM]
+
[Ac]

-
 alone and potassium 

acetate is the optimum solid inorganic salt among all the salts investigated. 

Yi-Feng Lin and Chein-Hsiun Tu  
[51] 

obtained VLE data for the ternary system 2-

propanol + water+1,3 propanediol using an equilibrium circulation still with circulation of 

vapor and liquid both phases with three different mass fractions of 1,3 propanediol.The 

equilibrium compositions of mixture were analyzed using GLC The liquid activity 

coefficients were determined using modified Raoult’s law .The relative volatility of 2-

propanol to  water were also determined. The results showed that azeotropic point can be 

eliminated when the mass fraction of 1,3 propanediol in liquid phase is up to 0.50.The new 

binary and ternary VLE data were successfully correlated with Wilson,NRTL and UNIQUAC 

models. 

Same authors 
[52]

 measured VLE data at 101.3 kPa  three different ternary systems 

THF +ethanol +[BMIM][BF4],  THF +ethanol +[OMIM][BF4] and THF +ethanol + 

[BMIM][DCA] in a modified Othmer still.The ionic liquids increased relative volatility of 

THF to methanol. The NRTL model reproduces the experimental results well.The extractive 

capacities of ionic liquids for separating azeotropic mixture follows the order: 

[BMIM][DCA] >[BMIM][BF4]>[OMIM][BF4]. 

CONCLUSION : 

 

Extractive distillation of azeotropic mixture with salt has remained subject of interest since 

last hundred years or more. Much work done on various azeotropic mixtures using different 

salts. 

Earlier work up to 1960 in the field of salt effect on VLE was uncertain in nature and tending 

to lack in fundamental approach. Hardly one or two scientist had given empirical relations. 

First notable relation was by Long and McDevit and then by Furter & Cook, though they 

were not able to explain salt effect in the liquid phase at high concentration of salt. 

After 1960 , systematic  work was carried out to separate azeotropic mixtures  of  mainly 

alcohol- water  and other systems forming azeotropes  using inorganic  salts in Othmer and 

similar VLE still. A little work is carried out on separation of azeotropic mixtures of acid –

water and to obtain LLE data . 

Initially simple Othmer still was used to perform such experiments ,later on some 

modifications  were done. These modifications are use of magnetic stirrer to keep salt 

solution continuously stirred, measurement of  liquid phase and vapor phase temperatures, 

circulation of one or both phases, decreasing area of raising  vapor  

To ensure equilibrium conditions and insulation of apparatus to avoid condensation of 

vapors. Modified Othmer still, Labodest still, Modified Rose Williams still are few examples. 

Analysis of data was carried out by Head Space gas chromatography or by analytical 

techniques. Most of the data were determined under isobaric conditions i.e. atmospreric 

pressure , very few were taken under isothermal conditions. 

  

To represent presence of dissolved non-volatile electrolyte or non  electrolyte on VLE of a 

binary system, numerous thermodynamic phase models & empirical methods have been used 

which includes Furter equation, ,Modified Furter equation ,Ohe’s preferential solvation 

theory and Wilson model, but in most of cases salt effect on liquid phase was not properly 

explained. Later on subsequent development of phase models for solvent-solute mixtures 

were extension of  various phase models for pure solvent mixtures such as Wilson, NRTL, 
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UNIFAC and  UNIQUAC were developed  . These  models were also not able to  correlate 

the VLE data of the systems where number of solvent components  and dissolved solute 

increases. Tan modified  Wilson and NRTL models which only rely upon the bubble points 

of individual components. Mock et. Al also modified NRTL equation. These models 

reasonably predicted VLE data of numerous binary mixtures saturated or unsaturated with 

one or more dissolved non volatile solutes. 

 

Recently, ionic liquids and hyper branched polymers have received significant attention. 

Ionic liquids are salts in molten form They have many advantages as they have low vapor 

pressure, thermally stable, soluble in polar and non polar liquids, recyclable, tailor made and 

environment friendly. Disadvantages are few ,namely 

Long time for preparation, high cost, sensitive to moisture and not all are environment 

friendly.  

It can be concluded that Extractive distillation of azeotropic mixture using salt has has still 

industrial  importance and scope for research but has to compete with other advance 

separation processes. Various studies are reported here but still more studies are needed to 

improve economic efficiency and ease of operation ensuring safety for environment. It seems 

that this technology will remain main technology at present and in future with opportunities  

for improvements by introducing new entrainers with desirable properties and search for 

better processes should be continued by researchers. 
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