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Abstract 

In the study a model has been developed to separate the acetic acid from aqueous 

solution by liquid-liquid extraction and find out the proper solvent for this separation. 

Various solvents such as n-butanol, iso butanol, amyl alcohol and ethyl acetate are used 

for separation of acetic acid from water. The binodal curves (mutual solubility curves) 

for acetic acid distributed between water and an organic solvent were obtained by 

titrating known mixtures of two components (water and solvents) with the third 

component acetic acid to the point of first appearance of permanent turbidity. In order to 

determine the tie-lines, the absorbance of the coexisting phases, obtained by the 

separation of ternary mixtures within the binodal curve are needed to be determined. The 

absorbance of each point had been determined by a UV spectrophotometer. Distribution 

diagrams are obtained by plotting weight percent of acetic acid in solvent phase against 

the weight percent of acetic acid in water phase. Selectivity diagrams are also obtained 

by plotting (wt. % of acetic acid) / (percent of acetic acid + percent of water) in solvent 

phase against the same quantity in the diluent phase. The separation factor is determined 

numerically from the tie-line data.  

 

Keywords: mutual solubility data; ternary phase; aqueous solution; absorbance; 

distribution coefficient; separation factor 
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1. INTRODUCTION 

 

Acetic acid is one of the most widely used carboxylic acids. It is used in many reactions, 

for example in synthesis of acetic esters, or it can be used as a solvent, for example in 

the manufacture of cellulose acetate or pharmaceutical products. Acetic acid 

biosynthesis produces important quantities of aqueous solutions from which acetic acid 

should be economically recovered [1-3].  

 

The separation of acetic acid from aqueous solutions by simple rectification is 

difficult, requiring a column with many stages and a high reflux ratio, the whole process 

being very expensive [4]. Other processes may be used, depending of the acetic acid 

concentration in the solution. For example, extractive distillation [5] is used for acid 

concentrations between 50 and 70 % w/w. By adding a third component water volatility 

is increased and the process may be carried out with low energy consumption. For acetic 

acid concentrations lower than 40 % w/w the liquid- liquid extraction can be an 

appropriate process [6-10]. This process is also useful when other components interfere 

with direct distillation.  In this paper an experimental study of acetic acid liquid - liquid 

extraction with back extraction and solvent recycling is presented. Ethyl acetate and 

ethyl ether were used as extraction solvents because of the good solubility of acetic acid 

into them; the rapid separation of the acid from the extract is another criterion that 

sustains these solvents’ selection. The influence of process parameters on the separation 

efficiency was studied by experimental analysis and mathematical modeling. 

 

The study of acetic acid extraction from its aqueous solution is very important 

because in many cases acetic acid found in its aqueous form. Acetic acid is an important 

laboratory reagent as well as solvent for carrying reaction since it remains unchanged by 

oxidizing and reducing agents. It is used for coagulation of rubber latex, for curing fish 

and meat, for the manufacture of vinyl acetate, poly-vinyl acetate etc. In this study, in 

order to find out the proper solvent for the separation of acetic acid from aqueous 

solution, mutual solubility data and tie line data were obtained using organic solvents 

such as, ethyl acetate, iso-butanol, n-butanol, amyl alcohol. Seperation factor which is a 

quantitative index of effectiveness of separation has been calculated from these data. 
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2. MATERIALS AND METHOD 

 

All the materials used were of laboratory reagent grade. The method that was used for 

the determination of mutual solubility data of the present work is the “titration method” 

of [11]. All the measurements were carried out at 24 – 25
°
C.The mutual solubility curves 

for each system were obtained by titrating  known mixture of two components with the 

third one to the point of first appearance of permanent turbidity and the absorbance of 

the mixture at this point is measured by U-V spectrophotometer  using wave length 

range 190nm-250nm.To add tie line data, various mixtures of known compositions 

within the heterogeneous region were prepared, brought to equilibrium and the 

compositions of conjugate phases were determined by measurement of absorbance, in 

conjugation with the calibration curves prepared with the system of known composition 

on the solubility curves [12]. 

 

 

3.  RESULTS AND DISCUSSION 

 

3.1  Determination of Mutual Solubility Curves 

 

Ten to twenty milliliter of water (diluent) was measured into a 125 mL Erlenmeyer flask 

and solvent n-butanol was added from a burette and agitated until the solution became 

just turbid. The amounts are recorded as the maximum solubility of solvent in diluents, 

since the turbidity indicated the formation of second phase, the solvent layer. The 

compositions of the mixture at the maximum solubility were expressed in weight 

percent. Two drops of the water was added to this mixture and because of its consolute 

effect, a clear solution was resulted. Then an arbitrarily chosen amount of solute acetic 

acid was added so that the composition of resulting mixture moved outside the solubility 

curve and the solvent was again added until turbidity results and second point on the 

binodal curve was obtained. 

 

Two drops of the water was again added and the above operation of successive 

addition of solute and solvent were repeated. Finally, turbidity was no longer result from 

the addition of solvent and only a single phase exists and thus obtained the diluents 

branch of the mutual solubility curve. For the determination of points on the solvent 

side, say to complete the binodal curve, the same procedure was applied, starting with an 

initial measured quantity of solvent in the flask, Diluents and solute were then 

successively added to obtain the points representing all possible compositions of the 

solvent phase. Thus the mutual solubility curve for acetic acid-water-n-butanol system 

was obtained. 
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Similarly, mutual solubility curve for acetic acid-water-iso-butanol system, 

acetic acid-water-amyl alcohol system, acetic acid-water-ethyl acetate system were also 

obtained. Mutual solubility curves for each of these systems are shown in Figure 1.  
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Figure 1: Mutual solubility curve and tie lines for the system acetic acid -water- solvent 

systems, n-butanol (i), iso-butanol (ii), amyl alcohol (iii), ethyl acetate (iv). 

 

3.2  Determination of Calibration Curve 

 

Each of the point on the mutual solubility curves in Figure 1 for the system acetic acid-

water-solvent; represent a mixture whose composition of weight is known. Absorbances 

of mixtures corresponding to these points were determined by UV spectrophotometer. 

These absorbance were plotted against the respective weight percent of solvent and the 

respective weight percent of diluent. These plots served as the calibration curves for 

determining the unknown composition of coexisting phases needed for constructing tie-

lines and distribution curve. 
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3.3  Determination of Tie Line Data 

 

Tie line data of each of these systems were obtained by taking about 20 milliliter of 

solvent and an equal amount of diluents (water) in a flask and 2 to 5 cubic milliliter of 

acetic acid (solute) was added to give ternary mixture of known composition within the 

heterogeneous region of the mutual solubility curve, brought to equilibrium and the 

absorbance of these two co-existing phases were measured. Comparing with this 

absorbance, the composition of the two co-existing phases in the ternary mixtures was 

read off from the previously determined calibration curve. By the successive addition of 

solute in this ternary mixture, the other tie line data for these systems are obtained until a 

single phase existed shown in Figure 2.  
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Figure 2: Correlation between absorbance and composition of equilibrium mixtures, 

acetic acid -water-n-butanol (i), acetic acid–water-iso butanol (ii), acetic acid-water-

amyl alcohol (iii), acetic acid -water- ethyl acetate (iv). 
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3.4 Determination of Separation Factor and Selectivity Diagram 

 

The separation factor and distribution coefficient of acetic acid between diluent and 

solvent were determined numerically [12] from the tie line data. Distribution coefficient 

of acetic acid are obtained by the ratio of weight percent of acetic acid in solvent phase 

to the weight percent of acetic acid in water phase, which is larger than 1 for all the 

system but acetic acid-water-amyl alcohol system shows the highest value (3.0). This 

indicates that acetic acid has preferential solubility between water and alcohol which is 

the key factor in the extraction process. Distribution diagram is shown in Figure 3. 

Separation factor is a measure of the solubility of solvents to separate acetic acid from 

aqueous solution. Separation factor is the ratio of distribution coefficient of solute 

(acetic acid) to the distribution coefficient of diluent (water). It is denoted by S. 

Distribution coefficient of water is the ratio of weight fraction of diluents in solvent 

phase to that in diluents phase. It is shown that the separation factor for the system acetic 

acid-water-amyl alcohol is the highest.  

 

 
 

Figure 3: Equilibrium diagram for acetic acid –water-solvents system. 

 

The selectivity of solvent is its ability to separate the components of a given 

mixture. Selectivity diagram is obtained directly from the data determined for the 

distribution or (tie-line data) and binodal curves. This is plot of (percent solute) / 

(percent solute + percent diluents) in the solvent phase against the same quantity in the 

diluents phase. It indicates directly in each layer the concentration of the soltute in 

diluent without reference to the amount of solvent present and is found by picking the 

numerical values from the extremities of the tie-lines. Figure 4 reveals that amyl alcohol 

shows the highest selectivity than other solvents. The plots obtained following the 
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Hand’s method are also shown in Figure 5.This figure shows that the tie line data of 

systems are correlated by straight line. 
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Figure 4: Selectivity diagram for acetic acid –water-solvents system. 
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Figure 5: Hand’s plot of tie line correlation. Where, Wt fraction of acetic acid in solvent 

phase = Xcs, Wt fraction of solvent in solvent phase =Xs, Wt fraction of acetic acid in 

water phase = Xcw, Wt fraction of water acid in water phase = Xww. 
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4. CONCLUSIONS 

 

Experimental studies concerning the separation of acetic acid from its aqueous solution, 

using different solvents were performed in an experimental plant having two columns as 

major components. The experimental results illustrate the possibility to use n-butanol, 

iso-butanol, amyl alcohol, ethyl acetate as specific solvents for this separation technique. 

Mutual solubility data, distribution coefficient, separation factor data and selectivity 

diagrams have been studied and it was observed that among these four solvents amyl 

alcohol is the most selective for the separation of acetic acid from its aqueous solution.  
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