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Abstract 

The effect of Sodium chloride, Sodium sulphate, Potassium sulphate, 

Ammonium chloride, Potassium chloride and Sodium acetate  on the 

distribution of Propionic acid  between Benzene  and water at 350c is reported. 

Distribution data of the six quaternaries have been determined at salt saturation 

and basic ternary in absence of salt at that temperature. The binodal curve of the 

system is also presented. The simple equation of Setschenov is not able  to 

correlate the distribution data for the salt effect in this system.. All the six salts 

studied are found to have salting out effect for Propionic acid in varying 

degrees. An empirical equation of the form:y = x  /(a +b * x) is  correlating  the  

data. 

Keywords: Salting out, Salting in, Binodal Curve, Distribution data, Saturation, 

Adsorption.  

 

NOTATION: 

a,b : Salting constants in the correlated equation y=x/(a+bx) 

Ks:  Salting out constant, grams of solution (salt free basis) per gram of salt 

X:   Wt% of Propionic acid in aqueous phase (salt free basis) in salt present system.  

Xo: Wt% of Propionic acid in aqueous phase in salt absent system, dimensionless 

Xs:   Salt concentration, Kg of salt per Kg of solution (salt free basis) 

Y:   Wt%   of Propionic acid in organic phase (salt free basis) in salt present system,  

Y0: Wt% of Propionic acid in organic phase (salt free basis) in salt absent system,  

 x  : XS  

y   : Ln(XO/X) 
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INTRODUCTION 

The presence of a salt can either raise or lower the distribution coefficient of a solute in 

liquid-liquid equilibria. The distribution coefficient of a solute is defined as the ratio of 

composition of solute in solvent rich phase to composition of solute in diluent (water) 

rich phase. These phenomena are known as salting out(Y/Yo  is greater than one)  or salting 

in(Y/YO is less than one) respectively. Up to now, no general equation is formulated to 

explain the salt effect in liquid-liquid equilibria. Explanations are given for individual 

systems (1). Empirical correlations of setschenov (2),Eisen and joffee(3) and of 

extended setschenov model(4) are available in literature. Theory is Author for 

correspondence:e-mail: rrs.chemicalhod@gmail.com  available to obtain the solubility 

data of ternary liquid systems using NRTL method and UNIFAC method without salt  

and with salt. This salt method is used in extraction of metals. 

In the present work, the simple relation of Setschenov is tried to correlate the 

experimental data but not working. Most of the papers on salt effect correlated the 

experimental data by empirical equations in extraction using compositions or relative 

volatilities in distillation. 

Propionic acid- water cannot be separated out cheaply by ordinary distillation, so liquid-

liquid extraction is used. To improve separation in extraction, a suitable salt can be 

used.   Earlier papers show, phenol (pollutant) can be removed from aqueous streams 

by this salt effect. Some data, correlations, uses and explanations of salt effect in both 

aqueous and non-aqueous ternary systems are given  in literature (1-10). 

 

EXPERIMENTAL  

MATERIALS 

Analytical grade propionic acid, succinic acid, sodium hydroxide, Sodium sulphate, 

Potassium sulphate, Sodium chloride,  distilled water, Potassium chloride, Ammonium  

chloride, Sodium  Acetate and benzene are used. 

 

ANALYSIS 

Sodium hydroxide solution is standardized using standard succinic acid solution with 

phenolphthalein as indicator.standard succinic acid solution was prepared by weighing 

accurately and dissolving it in a known volume of distilled water. Weight percent 

propionic acid  in each layer was estimated by titrating a weighed amount of solution 

against standard sodium hydroxide solution with phenolphthalein as indicator. The 

results are reproducible with a maximum error of 1 %( volumetric analysis). 

 

PROCEDURE 

For XO,YO values:Accurately weighed amounts of propionic acid, water and benzene 

were mixed in different amounts to obtain various X0, Y0 values without salt. The 
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mixture was stirred by a magnetic stirrer for at least three  hours in stoppered conical 

flasks .The layers were settled and separated in a separating funnel. A sample of around 

one gram from each layer was weighed accurately in an electrical balance and then 

titrated with standard sodium hydroxide solution.  For X-Y values at saturation of the 

salt, accurately weighed amounts of propionic acid, water  and benzene were mixed in 

different proportions, as were done to obtain X0, Y0   data without  salt. Then weighed 

amounts of salt were taken and from this small amounts were added at a time to the 

propionic acid-water-benzene  mixture. The mixture was stirred using a magnetic stirrer 

and addition of salt was continued until no salt was seen at the bottom of the stoppered 

conical flask. The amount of salt added for saturation was beginning salt minus the 

remaining salt. Propionic  acid content was determined as above taking weighed amount 

of each layer and titrating with standard sodium hydroxide solution using 

phenolphthalein indicator. The temperature was around 350C . Lot of time was given 

for dissolving the salt in solution for saturation points and for settling of layers, for 

reproducibility and accuracy. When some observations were not following certain 

trend, then those observations were repeated for confirmation. 

 

RESULTS  

Table-1 contains the solubility data(equilibrium data) of propionic acid, water and 

benzene system (binodal curve data). Table-2 contains the distribution data of propionic 

acid, water and benzene system without salts.  Table-3 contains the distribution data of 

propionic acid, water and benzene ternary with Potassium chloride salt at saturation. 

Table-4 contains the distribution data of propionic acid, water and benzene ternary with 

Sodium chloride salt at saturation. Table-5 contains the distribution data of propionic 

acid, water and benzene ternary with Sodium sulphate salt at saturation. Table-6 

contains the data of Propionic acid, water and benzene ternary with Potassium sulphate 

at saturation. Table-7 contains the data of propionic acid, water and benzene ternary 

with Ammonium chloride salt at saturation. Table-8 contains the data of propionic acid- 

benzene water and water ternary with Sodium acetate salt at saturation.  Table-9 

contains the salting out constant values for the propionic acid- benzene- water system. 

Fig 1 contains bimodal curve and Fig 2 contains distribution curves. The salt is present 

in varying amount in both phases. Knowing the amount of salt dissolved in total 

solution (both layers) and the amount of salt dissolved in aqueous layer (determined by 

evaporation of the layer), the amount of salt present in benzene layer is obtained by 

difference. These will give percentages of salt in both layers. Weight percentages of 

propionic acid     in the two layers having salt are calculated by volumetric analysis. 

Later these percentages are converted to salt free basis (Knowing the weight 

percentages of salt present in the layers). Weight percent of salt at saturation on salt 

free basis means : weight of salt / weigh of salt free solution expressed in percentage at 

equilibrium. An empirical equation of the type of: y=x/(a+bx) fits the data for the salts 

used. “a “ is the slope obtained by potting: 1/y versus 1/x where x= Xs and y= Ln (Xo/X) 

and “b” is intercept, 
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TABLE-1: SOLUBILITY DATA (EQUILIBRIUM DATA) 

S. No Wt% of 

Propionic acid 

Wt% Benzene Wt% of Water 

1 0.00 0.44 99.56 

2 9.85 0.87 89.23 

3 19.55 1.72 78.73 

4 29.21 2.15 68.64 

5 38.81 2.57 58.62 

6 47.20 4.21 48.06 

7 47.96 5.39 46.62 

8 48.74 42.91 8.33 

9 53.42 31.35 15.23 

10 55.02 8.07 36.90 

11 55.27 23.85 20.88 

12 52.08 33.79 13.32 

13 51.60 37.05 11.37 

14 51.18 43.09 7.89 

15 48.97 43.14 4.26 

16 42.45 53.29 4.16 

17 31.98 68.02 2.15 

18 11.12 88.32 0.56 

19 0.00 99.85 0.05 

 

TABLE-2: DISTRIBUTION DATA WITHOUT SALTS 

S. NO Xo (Wt% Propionic acid 

in water layer ) 

Yo (Wt% of Propionic 

acid in benzene layer ) 

1 0.00 0.00 

2 5.99 4.19 

3 10.94 4.66 

4 14.39 10.07 

5 18.20 12.74 

6 27.40 21.92 

7 32.97 27.50 

8 39.08 34.00 

9 45.60 41.00 

10 52.83 50.00 
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TABLE-3: DISTRIBUTION DATA WITH POTASIUM CHORIDE SALT 

S.NO X Y Wt% KCl salt in 

solution on salt free 

basis 

1 0.00 0.00 -- 

2 4.68 10.13 18.62 

3 8.50 20.27 16.41 

4 10.40 25.64 15.34 

5 11.73 30.32 14.16 

6 12.66 37.38 12.87 

7 12.78 40.50 11.98 

8 14.81 53.86 10.25 

9 16.18 58.19 9.81 

10 18.91 65.90 8.89 

11 20.12 71.50 7.98 

 

TABLE-4: DISTRIBUTION DATA WITH SODIUM CHORIDE SALT 

S.NO X Y Wt% NaCl salt in 

solution on salt 

free basis 

1 0.00 0.00 -- 

2 2.29 9.78 17.40 

3 3.58 25.98 15.93 

4 4.18 31.78 14.81 

5 4.72 41.16 13.66 

6 4.86 45.88 12.74 

7 5.40 51.28 11.91 

8 5.92 56.90 10.71 

9 6.46 60.18 9.81 

10 6.98 64.86 8.18 
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TABLE-5: DISTRIBUTION DATA WITH SODIUM SULPHATE SALT 

S.NO X Y Wt% Na2SO4 

salt in solution 

on salt free 

basis 

1 0.00 0.00 -- 

2 3.77 19.48 18.22 

3 4.52 27.05 12.88 

4 5.76 40.71 11.92 

5 6.35 43.29 11.79 

6 9.13 57.19 11.52 

7 9.37 61.24 11.50 

8 9.425 68.49 9.68 

9 9.77 71.39 8.58 

10 10.13 76.96 7.55 

 

TABLE-6: DISTRIBUTION DATA WITH POTASIUM SULPHATE SALT 

S.NO X Y Wt% K2SO4 

salt in solution 

on salt free 

basis 

1 0.00 0.00 -- 

2 8.70 10.5 5.89 

3 13.50 16.0 4.68 

4 18.67 23.0 3.52 

5 22.39 31.5 2.72 

6 24.12 36.5 2.27 

7 26.72 45.5 1.96 

8 28.91 49.59 1.88 

9 30.65 55.65 1.59 

10 33.01 61.85 1.36 
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TABLE-7: DISTRIBUTION DATA WITH AMMONIUM CHORIDE SALT 

S.NO X Y Wt% NH4 Cl  

salt in solution 

on salt free 

basis 

1 0.00 0.00 -- 

2 11.06 20.03 23.79 

3 13.83 23.14 20.32 

4 20.75 34.50 17.67 

5 25.45 46.30 15.90 

6 26.00 48.34 15.09 

7 28.81 53.24 14.01 

8 30.61 59.81 11.37 

9 32.65 64.15 10.89 

10 35.29 70.59 10.52 

 

TABLE-8: DISTRIBUTION DATA WITH SODIUM ACETATE SALT 

S.NO X Y Wt% NaAc 

salt in solution 

on salt free 

basis 

1 0.00 0.00 -- 

2 15.76 2.85 32.36 

3 27.32 4.40 28.55 

4 35.06 5.75 27.32 

5 38.09 8.60 25.07 

6 62.68 12.62 19.69 

7 66.17 13.92 16.43 

8 69.81 14.24 13.25 

9 74.10 17.65 12.87 

10 80.45 20.12 12.52 

 

TABLE-9 SALTING CONSTANTS 

SALT NaCl KCl Na2SO4 K2SO4 NH4 Cl Na Ac 

a -0.00531 -0.0147 -0.0008 -0.018 -0.0191 0.0381 

b 0.485 0.95 0.59 2.68 1.51 0.42 
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DISCUSSION 

This salt wok is useful in pollution control and to separate components using cheap 

solvents  and with less number of stages. The salt alters the solute composition in extract 

phase or in raffinate phase  due to adhering of a solvent to salt molecules. The salt which 

has more Y/X value and greater than one is preferred. The purpose of doing six 

experiments with six salts is, to formulate  a general and simple equation to correlate 

the salt effect in liquid-liquid equiibria. The observations indicate that sodium ion is 

more effective than potassium ion and ammonium ion.   

 

CONCLUSIONS 

It is observed that the empirical equation of Setschenov  ln( X0/X ) = KsX s cannot 

correlate the data for ternary systems when distribution coefficient (Y0/X0) is greater 

than 0.2. Here in this system, the distribution coefficient varies from 0.60 to 1. 

An empirical equation of form, ln(X0/X) = Xs/(a+bXs)  is correlating the data.  The 

theoretical explanation for salt effect can be adsorption theory, since adsorption type 

equation is coming here. This empirical correlation of  ln(X0/X) = Xs/(a+bXs)  may 

work for all systems and salts.When b=0,it becomes Setchenov equation(at low 

distribution coefficients).  
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