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CHAPTER 1 

INTRODUCTION 

 

1.1 Background Study 

Ethanol is a volatile, colorless liquid that has a strong characteristic odor which burns 

with a smokeless blue flame that is not always visible in normal light. Ethanol is a 

versatile solvent, miscible with water and with many organic solvents, including acetic 

acid, acetone, benzene, carbon tetrachloride and etc. Mixtures of ethanol and water form 

an azeotrope at about 89 mole-% ethanol and 11 mole-% water or a mixture of about 96 

volume percent ethanol and 4% water at normal pressure and T = 351 K. Azeotropic 

composition is strongly temperature and pressure dependent and vanishes at 

temperatures below 303 K. Ethanol is slightly more refractive than water, having a 

refractive index of 1.36242 ( at λ=589.3 nm and 18.35 °C). 
[1]

 

 

Due to the intermolecular attraction forces for all liquid mixtures, they form liquids 

rather than gases. Azeotrope mixtures have two or more components which are mixed to 

form “inseparable” compositions where the vapor and liquid compositions at 

equilibrium are equal within a given pressure and temperature range. Azeotrope mixture 

has very crucial role in vapor-liquid equilibrium separation particularly distillation and 

to separate azeotrope mixture there is a need for insight into the fundamental phenomena 

of azeotrope phase equilibria. The vapor-liquid envelope of the equilibrium temperature 

defines the feasible operating region in which distillation process must operate. The 

existence of azeotropes complicates the structure of this operating envelope, and the 

resulting distillation behavior of multicomponent azeotropic mixtures may be very 

complex. 
[2] 

http://en.wikipedia.org/wiki/Miscible
http://en.wikipedia.org/wiki/Acetic_acid
http://en.wikipedia.org/wiki/Acetic_acid
http://en.wikipedia.org/wiki/Acetone
http://en.wikipedia.org/wiki/Benzene
http://en.wikipedia.org/wiki/Carbon_tetrachloride
http://en.wikipedia.org/wiki/Azeotrope
http://en.wikipedia.org/wiki/Refractive_index
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1.2 Problem Statement
 

Azeotrope mixtures in industrial processes become a problem because their separation is 

impossible by ordinary distillation. Because their composition is unchanged by 

distillation, azeotropes are also called constant boiling mixtures. Azeotrope means 

literally that the vapor boiling point from a liquid has the same composition as the 

liquid. According to the Gibbs-Konovalov theorem, an azeotrope exhibits a maximum or 

minimum boiling point at constant pressure. Whether or not a binary mixture is 

azeotropic depends essentially upon the following factors: 

 The degree of nonideality of a mixture 

 The differences in boiling point between the two pure components. 

 

For the development of separation processes for azeotropic mixtures, there is a need for 

insight into the fundamental phenomena of nonideal and azeotropic phase equilibria. 

Commonly, azeotropic distillation is been used to separate ethanol and water. By adding 

an agent which is entrainer in many cases is benzene, it will affect the volatility of one 

of the constituents. Research has shown benzene to be a carcinogen which can cause 

cancer. Chemically, benzene is toxic to human and vey harmful to human. 
[2] 

There is a 

common problem in the dehydration of ethanol, because ethanol forms a minimum 

boiling mixture, so called azeotropic mixture or azeotrope, at 95.6% by weight (97.2% 

by volume) with water at a temperature of 78.15 °C, which makes it impossible to 

separate ethanol–water in a single distillation column.
 

 

 

In general, for the solution containing 10–85 wt% ethanol, distillation is effective, while 

for the mixture containing more than 85 wt% ethanol, distillation becomes expensive 

because the feed ethanol concentration is near the azeotropic point (95.6%), requiring 
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high reflux ratios and additional equipment, especially when anhydrous ethanol is 

required. Recently, the separation of dilute ethanol–water mixture is usually divided into 

two large steps: approximately 92.4 wt% ethanol is firstly obtained from the dilute 

aqueous solution by using the ordinary distillation, then the resulting ethanol is further 

dehydrated in order to achieve anhydrous ethanol by employing azeotropic distillation, 

extractive distillation, liquid–liquid extraction, adsorption, or some complex hybrid 

separation methods. 
[4]

 

  

 

Common method used to separate water and ethanol is azeotropic distillation involves 

adding a third volatile component, called entrainer. It forms a ternary azeotrope with the 

two components to be separated and thus changes their relative volatilities and finally 

alters their separation factor (activity coefficients) in the distillation system. The two 

components to be separated are generally close boiling components or an azeotropic 

mixture. Therefore, azeotropic distillation can be used to separate close boiling mixtures 

or azeotrope. The azeotropic distillation system typically consists of two distillation 

columns for dehydration of 92.4 wt% ethanol solution from the ordinary distillation 

column:  

 

i). A dehydration column (azeotropic column) for further concentration in the 

presence of entrainer. 

ii). An entrainer recovery column (stripping column) for separation of entrainer from 

the product stream. 

 

 

In the dehydration column, ethanol with less than 99 wt% exits from the bottoms, while 

water vapor, solvent, and small amounts of ethanol exit from the tops. The top stream 

enters a separator, called decanter, and splits into ethanol-entrainer (organic phase) and 

water-entrainer (aqueous phase) streams. The former is refluxed back into the first 
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column, while the latter is processed in the entrainer recovery column. The process flow 

sheet is shown in Figure 1. The commonly used entrainer for breaking binary ethanol 

and water azeotropes by heterogeneous azeotropic distillation as discussed earlier are 

benzene, toluene and cyclohexane. A mixed solvent, e.g., a mixture of benzene and n-

octane can also be used.  

 

 

Benzene is a traditional entrainer in heterogeneous azeotropic distillation for ethanol 

dehydration. For many years, however, benzene has been substituted by other solvents 

because of its carcinogenic effect. Currently, cyclohexane is one of the most used 

entrainer for this separation. However, cyclohexane also has the disadvantage of 

flammability. The two-column azeotropic system mentioned above has the disadvantage 

of high energy requirement, large capital cost, and health and safety concerns with the 

storage of either carcinogenic (benzene) or highly flammable (cyclohexane) solvent. For 

this reasons, azeotrope distillation method is less applied in the ethanol production.
[4]

 

 

 

 

Figure 1: Two column process for ethanol dehydration  
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As green and potential environmentally friendly solvents, ionic liquids have attracted increasing 

attention for the replacement of benzene as entrainer to separate ethanol and water. Ionic liquid 

has many unique characteristics, for examples no volatility, less corrosion, no flammability, 

thermal stability, high dissolving ability and good performance in enhancing the relative 

volatility of the mixtures. The task of identifying the relation between molecular structures of 

ionic liquid as entrainer and separation performances is important to select the best suitable ionic 

liquid.  

 

In addition to the fact that ionic liquids are now commercially available, there is a better 

understanding of the effect of its (chemical and physical properties as well as 

engineering fluids).Consequently, ionic liquids have been used more widely and 

efficiently, with better control over the overall process. The introduction of structural 

functionalities on the cationic or anionic part has made it possible to design new ionic 

liquids with targeted properties.  

 

More recently, ionic liquids appear to be the subject of fundamental publications aimed 

at improving the understanding of these solvents, predicting their physico-chemical 

properties and publications describing their use in increasingly diverse applications such 

as sensors, fuel cells, batteries, capacitors, thermal fluids, plasticizers, lubricants, 

ionogels, extractants and solvents in analysis, synthesis, catalysis and separation, to 

name just a few. Some new applications, such as energetic compounds or 

pharmaceutical ionic liquids, are still emerging. Ionic liquids can be used as more than 

just an alternative „„green‟‟ solvents. They differ from molecular solvents by their 

unique ionic character and their „„structure and organization‟‟ which can lead to specific 

effects. They are tunable, multipurpose materials.
 [3] 
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Generally, ionic liquids are salts that are liquid at low temperatures which is lesser than 

373 K. It has attracted considerable attention for their potential use as solvent in 

extractive distillation. The performance of an ionic liquid depends large on the behavior 

of (vapor + liquid) equilibrium (VLE) of the ionic liquid-containing mixtures. With the 

addition of ionic liquids, the components to be separated change their liquid-phase 

nonideality and the activity coefficients of these components are affected to a different 

extent. It is desirable that the changes in activity coefficients result in an increase of 

relative volatility.
 [4] 

 

In order to get acquainted with terms and subject of this report, a review on the 

theoretical background of azeotrope mixture and ionic liquids is presented in Chapter 2. 

Explanation on how azeotrope mixture particularly ethanol and water mixture are 

formed and what made ionic liquid to be selected for the separation of this ethanol and 

water mixture. All equipments and experimental procedures used for measuring the 

composition of ethanol and water mixture with and without ionic liquid are reported in 

Chapter 3. In the last chapter, Chapter 4, an overall conclusion is presented where an 

overview about ionic liquid is explained and the benefits of using it for the separation of 

ethanol and water mixture. 

 

 

In conclusion, in my study I will do research about using ionic liquid to separate ethanol 

and water mixture. Ionic liquids are easily synthesized and purified are economically 

feasible and caused no erosion to the equipment. Ionic liquid can be recycled by simple 

distillation. This particular separation process can reduce energy consumption greatly 

and the total process is green as well environmentally benign. 
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1.3 Objectives  

Based on all the stated issues and concerns above, the scope of the study or objectives of 

this project is determined as below: 

 To find a replacement for benzene or toluene as an entrainer.  

o In my project with using the same experiment setup, I have used benzene 

and toluene to compare the results with using ionic liquid in order to 

verify which is better in separating ethanol and water mixture.  

 To investigate the possibilities of using ionic liquid to separate azeotropic 

mixture (ethanol and water). 

o Experiment was conducted using different ionic liquids to investigate 

whether it can be used to separate azeotropic mixture (ethanol and water) 

by just getting the volume of ethanol distilled. 

 To evaluate the performances of using ionic liquid to separate azeotropic mixture 

(ethanol and water). 

o Here, the purity and volume of ethanol distilled was determined after 

conducting the experiment for duration of time. 

 To compare the results of using different ionic liquid to separate azeotropic 

mixture (ethanol and water). 

o Different ionic liquids were used to compare the results which of it show 

the best results in terms of purity and volume of ethanol distilled. 

  

Each of the objectives above was explained with what necessary actions were taken to 

fulfill them. It was what I had planned for my project and in further chapter I will 

discuss how it will be achieved.  
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1.4 Scope of Study 

The study of this separation process of ethanol and water using ionic liquid is conducted 

by performing experimental analysis purity of the separation. This is done by collecting, 

analyzing and documenting data obtained from simple distillation. The table below 

shows the scope of study for my project. Each of scope of study will have its own 

description on what each part will consist.   

 

Scope of Study Descriptions 

 

Collecting data 

 

 

Perform refractive index measurement for water-

ethanol mixture with and without ionic liquid. 

 

Perform simple distillation for mixture of water-

ethanol with later on adding different type and 

also with different volume of ionic liquids in the 

mixture. 

 

 

Analyzing data 

Evaluating the data from refractive index 

measurement to get the composition of ethanol 

distilled with and without using ionic liquid by 

varying the volume of ionic liquid and type. 

 

Evaluating the volume of ethanol distilled with 

and without using ionic liquid by varying the 

volume of ionic liquid and type. 
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Documenting data All the information and experimental data will be 

documented in proper table and graphs. 

 

Following graphs will be plotted:  

 Volume of ionic liquid vs. purity of 

ethanol distilled ( for each ionic liquid ) 

 Volume of ionic liquid vs. volume of 

ethanol distilled ( for each ionic liquid ) 

 Volume of ionic liquid vs. purity of 

ethanol distilled ( with different type of 

ionic liquid ) 

 Volume of ionic liquid vs. volume of 

ethanol distilled ( with different type of 

ionic liquid ) 

 Volume of benzene vs. purity of ethanol 

distilled. 

 Volume of toluene vs. purity of ethanol 

distilled. 

 

 

Table 1: Scope of study 

 

These scopes of study are feasible because all the necessary equipments are available in 

the labs. Considering the time frame for this project, these scopes of study is also 

feasible because each of the aspects tested will only consume at most 4 to 5 weeks to be 

completed with all the equipments and materials ready 
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CHAPTER 2 

LITERATURE REVIEW 

 

THEORY 

2.1 What is Azeotrope? 

Azeotrope means “nonboiling by any means” and denotes a mixture of two or more 

components where the equilibrium vapor and liquid compositions are equal at a given 

pressure and temperature. More precisely, the vapor has the same composition as the 

liquid and the mixture boils at a temperature other than that of the pure components‟ 

boiling points. Azeotrope sometimes been mistaken with pure components has it boil at 

constant temperature. However, for an azeotrope a variation in pressure, change not only 

the boiling temperature but also the composition of the mixture and this is easily 

distinguish it from a pure component. 

 

The term azeotrope was introduced by Wade and Merriman in 1991 to designate mixture 

characterized by a minimum or a maximum in the vapor pressure under isothermal 

conditions, or equivalently with an extermal point in the boiling temperature at constant 

pressure as coded by Swietoslawski 1963. The mixture whose composition corresponds 

to an extermal point is called an azeotrope. If at the equilibrium temperature the liquid 

mixture is homogeneous, the azeotrope is homoazeotrope. If the vapor phase coexists 

with the two liquid phases, it is a heteroazeotrope. 

 

Besides that, azeotropic mixtures are among the most fascinating and at the same time 

the most complicated manifestations of phase equilibrium. They also play a critical role 
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in many industrial processes especially in separations 
[5] and [6]

. With the current interest 

in alcohol based fuels with including those referred to as biofuels. Alcohol extended 

fuels, and fuels oxygenated with alcohols for environmental reasons, the need to 

consider azeotropes in phase equilibrium is clear. Indeed, dealing with mixtures of 

hydrocarbons with lower alcohols means dealing with azeotropes. 

 

Each mixture that forms an azeotrope has a characteristic composition, temperature and 

pressure at which the azeotrope exists. The boiling point of an azeotrope is either higher 

than its individual components (called a negative azeotrope) or lower than its individual 

components (called a positive azeotrope). This is most commonly presented in terms of 

the T–x diagram (where T is the temperature and x is the mole fraction of one 

constituent), a two-dimensional cut through the three dimensional (P–T–x, where P is 

the pressure) phase diagram in which there is the liquid region at the bottom of the chart 

(extending to the bubble point line), a two-phase region contained between the bubble 

and dew point lines, and finally the vapor region above the dew point line 
[5] and [6]

   

 

2.1.1 Type of Azeotrope 

In terms of the mixture pressure, negative deviations from Raoult's Law resulting in a 

horizontal tangent on the P–x diagram will produce a negative (or high boiling) 

azeotrope, while positive deviations from Raoult's Law resulting in a horizontal tangent 

will produce a positive (or low boiling) azeotrope. The formation of azeotropes is a 

consequence of intermolecular interactions, and can be elucidated in terms of Raoult's 

Law.  

 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TG2-4W2120B-3&_user=1196560&_coverDate=07%2F15%2F2009&_rdoc=1&_fmt=high&_orig=search&_origin=search&_sort=d&_docanchor=&view=c&_searchStrId=1518703969&_rerunOrigin=scholar.google&_acct=C000048039&_version=1&_urlVersion=0&_userid=1196560&md5=e921a746b42ea1271bff76b904d95bf9&searchtype=a#bib5
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TG2-4W2120B-3&_user=1196560&_coverDate=07%2F15%2F2009&_rdoc=1&_fmt=high&_orig=search&_origin=search&_sort=d&_docanchor=&view=c&_searchStrId=1518703969&_rerunOrigin=scholar.google&_acct=C000048039&_version=1&_urlVersion=0&_userid=1196560&md5=e921a746b42ea1271bff76b904d95bf9&searchtype=a#bbib6
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When a binary mixture of two fluids, a and b, form an ideal solution and obey Raoult's 

Law (producing a straight line trace on the T–x diagram), the interaction of a with a and 

b with b is essentially the same as the interaction between a and b. In this context, an 

interaction is considered a pairing that is longer lived than random pairing.  

 

When a and b have a strong mutual repulsion, positive deviations from Raoult's Law are 

observed, and the formation of a positive azeotrope (with a minimum in the boiling 

temperature) can result. The escaping tendency of the molecules from the condensed 

phase is magnified due to the intermolecular interactions. Thus the molecules “escape” 

the liquid with a decreased input of energy (as manifest in the temperature).  

 

When a and b have a strong attraction, negative deviations from Raoult's Law are 

observed, with the potential of forming a negative azeotrope (with a maximum in the 

boiling temperature). The molecules require an increased input of energy to “escape” 

(therefore the higher temperature). In terms of total number of known azeotropic 

mixtures, the majority of fluid combinations form positive azeotropes. 

 

Therefore, azeotrope can be classified as positive azeotrope or negative azeotrope. Each 

azeotrope has a characteristic boiling point. The boiling point temperature of an 

azeotrope is either less than the boiling point temperatures of any of its constituents (a 

positive azeotrope), or greater than the boiling point temperatures of any of its 

constituents (a negative azeotrope). 

 

http://en.wikipedia.org/wiki/Boiling_point
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Positive Azeotrope 

One of the examples of a positive azeotrope is 95.63% ethanol and 4.37% water (by 

weight). Ethanol boils at 78.4°C, water boils at 100°C, but the azeotrope boils at 78.2°C, 

which is lower than either of its constituents. Indeed 78.2°C is the minimum temperature 

at which any ethanol/water solution can boil at atmospheric pressure. In general, a 

positive azeotrope boils at a lower temperature than any other ratio of its constituents. 

Positive azeotropes are also called minimum boiling mixtures or pressure maximum 

azeotrope. 

 

Figure 2: Vapor Liquid Equilibrium mixture of ethanol and water. 

 

If two solvents can form a positive azeotrope, then distillation of any mixture of those 

constituents will result in the distillate being closer in composition to the azeotrope than 

the starting mixture. For example, if a 50/50 mixture of ethanol and water is distilled 

once, the distillate will be 80% ethanol and 20% water (see ethanol data page), which is 

closer to the azeotropic mixture than the original. Distilling the 80/20% mixture 

produces a distillate that is 87% ethanol and 13% water. Further repeated distillations 

http://en.wikipedia.org/wiki/Ethanol
http://en.wikipedia.org/wiki/Water
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will produce mixtures that are progressively closer to the azeotropic ratio of 95.5/4.5%. 

No number of distillations, however, will ever result in a distillate that exceeds the 

azeotropic ratio. Likewise when distilling a mixture of ethanol and water that is richer in 

ethanol than the azeotrope, the distillate (contrary to intuition) will be poorer in ethanol 

than the original but slightly richer than the azeotrope. 
[7]

 

 

Negative Azeotrope 

An example of a negative azeotrope is hydrochloric acid at a concentration of 20.2% and 

79.8% water (by weight). Hydrogen chloride boils at −84°C and water at 100°C, but the 

azeotrope boils at 110°C, which is higher than either of its constituents. The maximum 

temperature at which any hydrochloric acid solution can boil is 110°C. In general, a 

negative azeotrope boils at a higher temperature than any other ratio of its constituents. 

Negative azeotropes are also called maximum boiling mixtures or pressure minimum 

azeotrope. 

 

Figure 3: Temperature-maximum and pressure-minimum azeotrope mixture of 

water and formic acid. 

http://en.wikipedia.org/wiki/Hydrochloric_acid
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If the constituents of a mixture are not completely miscible an azeotrope can be found 

inside the miscibility gap. This type of azeotrope is called heterogeneous azeotrope. If 

the azeotropic composition is outside the miscibility gap or the constituents of the 

mixture are completely miscible the type of azeotrope is called homogeneous azeotrope. 

[1] If
 two solvents can form a negative azeotrope, then distillation of any mixture of those 

constituents will result in the residue being closer in composition to the azeotrope than 

the original mixture.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Miscibility
http://en.academic.ru/dic.nsf/enwiki/6129465
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2.2 Current Method Used to Separate Azeotrope 

Based on my findings there are many methods that have been used to separate azeotrope 

mixtures. I have done some literature review by reading some journals regarding 

separation of azeotrope and I will only discuss about the methods. 

 

2.2.1 Extractive Distillation 

Extractive distillation with ionic liquids as separating agent is a novel method for 

separation of ethanol–water mixture .This process has the advantages of high separation 

ability, easy operation, and no problem of entrainment of the solvent into the top product 

of the column as compared to extractive distillation with the mixture of liquid solvent 

and solid salt .Ionic liquid as separating agent can greatly enhance the relative volatility 

of ethanol over water, due to the similar salt effect to the solid salt. 

 

 

Ionic liquids, or room-temperature ionic liquids (usually a mixture of organic cation and 

an inorganic anion), are promising separating agents for extractive distillation of 

ethanol–water mixture, due to their favorable properties such as low viscosity, thermal 

stability, good solubility and lower corrosiveness than ordinary high melting salts. The 

commercially available ionic liquids suitable for use as separating agent for the 

extractive distillation, are 1-butyl-3-methylimidazolium tetrafluoroborate 

([BMIM]+[BF4]−), 1-ethyl-3-methylimidazolium tetrafluoroborate ([EMIM]+[BF4]−) 

and 1-butyl-3-methylimidazolium chloride ([BMIM]+[Cl]−). 
[4] 

 

There are advantages and disadvantages using extractive distillation using ionic liquid 

which will be discussed further in table 2 below. 
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Advantages Disadvantages 

 

Cannot pollute the distillate due to their 

non-volatility. 

 

 

Ionic liquid containing halogen anions is 

expensive and has insufficient stability to 

hydrolysis for long-term applications.  

 

 

Considerable reduction of required heat 

duties because of their non-volatility, high 

selectivity and capacities, especially a 

larger variety of feasible ionic liquid 

regeneration options 

 

 

Small amounts of corrosive and toxic 

substance (HF) forms during the 

hydrolysis. 

 

Ionic liquid‟s properties (solubility, 

capacity, selectivity, viscosity and thermal 

stability) can be tailored 

 

Only one distillation column required, 

representing low energy consumption 

 

 

Table 2: Advantages and disadvantages using ionic liquid in extractive distillation 
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2.2.2 Azeotropic Distillation 

Another method of separation involves introducing an additional agent which is known 

as entrainer.  It normally will affect the volatility of one of the azeotrope constituents 

more than another. Therefore, when an entrainer is added to a binary azeotrope to form a 

ternary azeotrope and the resulting mixture distilled. This method is called azeotropic 

distillation.  

 

One of the most frequently cited industrial examples of azeotropic distillation is ethanol 

dehydration using toluene as entrainer. Design of this industrial separation process 

suitable for the dehydration of ethanol distillation requires knowledge of the 

equilibrium. Since the recent tendency is to consider that the water–ethanol–toluene 

system has a ternary heterogeneous azeotrope at atmospheric pressure whereas older 

data indicates that it is homogeneous, it seems necessary to make a study of the VLLE of 

the system, which data are not available in the literature. The study reported in this 

article will permit distinction between homogeneity and heterogeneity for the ternary 

azeotrope and contribute to a better knowledge of the VLLE which is useful for the 

design of azeotropic distillation processes.
  

 

One of the best known examples is adding benzene or cyclohexane to the water-ethanol 

azeotrope. With cyclohexane as the entrainer, the ternary azeotrope is 7% water, 17% 

ethanol, and 76% cyclohexane, and boils at 62.1°C. Just enough cyclohexane is added to 

the water-ethanol azeotrope to engage all of the water into the ternary azeotrope. When 

the mixture is then boiled, the azeotrope vaporizes leaving a residue composed almost 

entirely of the excess ethanol.
[9]

 

 

 

http://en.wikipedia.org/wiki/Volatility_%28chemistry%29
http://en.wikipedia.org/wiki/Benzene
http://en.wikipedia.org/wiki/Cyclohexane
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2.2.3 Chemical Action Separation 

Another type of entrainer is one that has a strong chemical affinity for one of the 

constituents. Using the example of the water-ethanol azeotrope, the liquid can be shaken 

with calcium oxide, which reacts strongly with water to form the nonvolatile compound, 

calcium hydroxide. Almost all of the calcium hydroxide can be separated by filtration 

and the filtrate redistilled to obtain 100% pure ethanol. 

 

A more intense example is the azeotrope of 1.2% water with 98.8% diethyl ether. Ether 

holds the last bit of water so tenaciously that only a very powerful desiccant such as 

sodium metal added to the liquid phase can result in completely dry ether.
 
Anhydrous 

calcium chloride is used as a desiccant for drying a wide variety of solvents since it is 

inexpensive and does not react with most nonaqueous solvents. Chloroform is an 

example of a solvent that can be effectively dried using calcium chloride.
[8]

  

 

2.2.4 Pervaporation and Membrane 

The pervaporation method uses a membrane that is more permeable to the one 

constituent than to another to separate the constituents of an azeotrope as it passes from 

liquid to vapor phase. The membrane is rigged to lie between the liquid and vapor 

phases.  

 

Another membrane method is vapor permeation, where the constituents pass through the 

membrane entirely in the vapor phase. In all membrane methods, the membrane 

http://en.wikipedia.org/wiki/Calcium_oxide
http://en.wikipedia.org/wiki/Volatility_%28chemistry%29
http://en.wikipedia.org/wiki/Calcium_hydroxide
http://en.wikipedia.org/wiki/Filtration
http://en.wikipedia.org/wiki/Filtrate
http://en.wikipedia.org/wiki/Diethyl_ether
http://en.wikipedia.org/wiki/Desiccant
http://en.wikipedia.org/wiki/Sodium
http://en.wikipedia.org/wiki/Anhydrous
http://en.wikipedia.org/wiki/Calcium_chloride
http://en.wikipedia.org/wiki/Nonaqueous
http://en.wikipedia.org/wiki/Chloroform
http://en.wikipedia.org/wiki/Pervaporation
http://en.wikipedia.org/w/index.php?title=Vapor_permeation&action=edit&redlink=1


21 

 

separates the fluid passing through it into a permeate (that which passes through) and a 

retentate (that which is left behind). When the membrane is chosen so that is it more 

permeable to one constituent than another, then the permeates will be richer in that first 

constituent than the retentate. 

 

Based on a journal entitle “Separation of ethanol-water solution by poly (acrylonitrile-

co-acrylic acid) membranes”, pervaporation provides advantage by simplifying the 

existing industrial processing and by eliminating the need to break up pollutants at 

azeotrope used in distillation. Polymer membranes can exhibit selectivity according to 

solubility and diffusion constant. Thus, the choice of membrane is very important since 

the efficiency of pervaporation depends greatly on the membrane used. 
[9]

 

 

2.2.5 Pressure Swing 

Azeotrope is pressure dependent. An azeotrope is not a range of concentrations that 

cannot be distilled but the point at which the activity coefficient of the distillates are 

crossing one another. If the azeotrope can be „jumped over‟, distillation can continue 

although because the activity coefficient have crossed the water will boil out of the 

remaining ethanol rather than the ethanol out of the water as at lower concentrations.
 2

 

Distillation is the separation method most often applied in the chemical industry which 

is based on the differences of volatility of the components of a liquid mixture. Because 

of its high demand of energy the optimal design and operation of the distillation columns 

is very important issue.
 
This lead to high energy consumption and uneconomical 

operation costs
.[8]

 

 

http://en.wikipedia.org/wiki/Permeate
http://en.wikipedia.org/w/index.php?title=Retentate&action=edit&redlink=1
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2.3 Ionic Liquid 

In general, ionic liquids are substances formed by ions and they show a negligible vapor 

pressure at normal temperature and pressure conditions. This and other properties, such 

as their relatively low viscosities, their thermal stability and their capability as solvents, 

make the ionic liquids a new alternative for different processes. They can be applied as 

replacement for conventional toxic, flammable and volatile organic solvents. The use of 

ionic liquid in separation processes is one of the multiples alternatives. The prediction of 

the ideal ionic liquid for each separation process is nowadays impossible, since there is 

not enough information about the influence of the structure of ionic liquid in its physical 

and solvent properties. 

 

 

We have to take into account that there are about 10
18

 possible ionic liquids by 

combination of ions. Besides, experimental phase equilibrium data is required for 

developing thermodynamic models and for understanding their thermodynamic behavior 

VLE data permit checking the potential of gE-models which are applied for the 

description of the real behavior of systems with ionic liquids. 
[5] 

 

 

Recently, a new class of solvent has emerged-ionic liquid. These solvent are often fluid 

at room temperature and consist entirely of ionic species. They have many fascinating 

properties which make them fundamental interest to all chemists since both the 

thermodynamics and kinetics of reactions carried out in ionic liquids are different to 

those in conventional molecular solvents. 
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The properties and behavior of the ionic liquid can be adjusted to suit an individual 

reaction type, they can truly be described solvents. By choosing the correct ionic liquid, 

high product yields can be obtained and reduced amount of waste. Often ionic liquid can 

be recycled and this leads to a reduction of the costs of the processes. It must be 

emphasized that reactions in ionic liquid are not difficult to perform and usually requires 

no special apparatus. The reactions are often quicker and easier to carry out than in 

conventional organic solvents.
 [7] 

 

Ionic liquids are composed entirely of ions. Because of the wide range of possible binary 

and ternary ionic liquids, they offer a potentially wide range of solvent properties. In 

their Perspective, Rogers and Seddon review recent progress on developing new ionic 

liquid solvents for use in chemical synthesis, catalysis, fuel cells, and other applications.  

 

Ionic liquids are considered advantageous not only because of their versatility but also 

for their "green" credentials, although it is important to remember that not all ionic 

liquids are environmentally benign. One industrial process has been reported, and others 

may not be far behind. The authors conclude that in the next decade, ionic liquids are 

likely to replace conventional solvents in many applications.  

 

An ionic liquid is a salt in which the ions are poorly coordinated, which results in these 

solvents being liquid below 100°C, or even at room temperature (room temperature ionic 

liquids, RTIL's). At least one ion has a delocalized charge and one component is organic, 

which prevents the formation of a stable crystal lattice. The methylimidazolium and 

http://www.sciencemag.org/cgi/content/full/302/5646/792
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pyridinium ions have proven to be good starting points for the development of ionic 

liquids: 

 

 

Properties, such as melting point, viscosity, and solubility of starting materials and other 

solvents, are determined by the substituents on the organic component and by the 

counterion. Many ionic liquids have even been developed for specific synthetic 

problems. For this reason, ionic liquids have been termed "designer solvents". 

 

One of the first RTILs was a mixture of [emim]Cl with AlCl3 forming a series of 

equilibria between [emim][AlCl4], [emim][Al2Cl7], and [emim][Al3Cl10]. This RTIL is 

not water stable. The discovery of water-insoluble RTILs such as [bmim][PF6] allowed 

the development of new work-up methods, including the separation of water-soluble 

byproducts by simple extraction.  
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Some transition metal catalysts that are soluble in ionic liquids may be recycled together 

with the ionic liquid, after extraction with water and the non-polar organic solvent used 

for product separation. The catalyst and ionic liquid may be recycled several times. 

 

In addition, the following RTIL, derived from fructose (a renewable feedstock), is a 

promising solvent for implementing fully "green" chemistry methods. 
[7]
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2.4 Why ionic liquid has attracted so much attention? 

Because an evolution toward a better understanding of these media, better 

characterization with improved knowledge and quantification of their impurities (ion 

chromatography, ICP-MS) which are well-known to affect the thermophysical properties 

of ILs, have been achieved in recent years. The different experimental techniques used 

and the estimation of data uncertainty may also have influenced the discrepancies in 

terms of physico-chemical properties. However, ionic liquids have widely accepted 

generic properties. For example, in [BMI][PF6] which melts at 12°C, the ionic 

concentration is 4.8 mol/L. The melting point of ILs should be less than 100°C, even if 

this is an arbitrary temperature limit, and their iconicity should be more than 99%.  

 

 

Ionic liquids recyclability becomes one of the main issues when process developments 

are envisioned: distillable ionic liquids (under relatively normal pressure and 

temperature conditions) or ILs presenting low thermal stability has been designed. These 

ionic liquids can contain a weakly basic anion and a cation formed from a tertiary amine 

and an exchangeable proton.  

 

 

By distillation, the neutral acid or base (if volatile enough) can be separated from the 

ionized species. They can subsequently be recombined to reform the IL. There is a vast 

number of cation– anion combinations of such protic ionic liquids. Carbonate based 

ionic liquids form another class of distillable ILs (see switchable solvents). Each 

application requires specific properties; there are no ionic liquids that can satisfy all of 

them. We will focus here on the last developments. 
[8] 
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JOURNALS 

2.5 Journal Sources 

Journal 1 

According to the journal which studies the vapor liquid equilibria for the ternary system 

ethanol + water + 1-Ethyl-3-methylimidazolium chloride and the corresponding binary 

system containing the ionic liquid at 101.3kPa.  

 

Figure 4: Results from the journal 1 
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From figure 4a, it shows the boiling temperature diagram of the experimental and 

calculated data. From figure 4b, it shows the experimental and calculated activity 

coefficients of ethanol and water in the binary system studies are less than one which is 

showing a negative deviation from Raoult‟s Law. The behavior indicates the 

intermolecular attraction forces between different molecules and water with ionic liquid 

are stronger than between equal molecules.  

 

As can be observed also, the addition of ionic liquid to the binary mixture leads to a 

noticeable increase between water and ionic, stronger than the interactions between 

ethanol and ionic liquid, decreasing the water activity. The study confirms the capability 

of the ionic liquid as an entrainer for water and ethanol separation.   

 

In conclusion for this journal, ionic liquid are becoming a new alternative for separation 

processes. The studied ionic liquid is capable of breaking the binary azeotrope is an 

opening a new possibility as an entrainer for this system. 
[11]
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Journal 2 

According to the journal which studies the vapor liquid equilibria for the ternary system 

ethanol + water + 1-Ethyl-3-methylimidazolium methylsulfate and the corresponding 

binary system containing the ionic liquid at 101.3kPa.  

 

Figure 5: Results from the journal 2 
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From figure 5a, it shows the boiling temperature diagram of the experimental and 

calculated data and figure 5b shows the experimental and calculated activity coefficient 

for both binary systems and both correlation models. As can be seen in figure 5b, 

ethanol has smaller activity coefficients than water. This could be related to the fact that 

ethanol has a stronger interaction with the ionic liquid than water. It can be observed that 

in the case of the binary system containing water, the activity coefficients present a 

positive deviation of Raoult‟s law. It is noticeable that the temperature increases very 

little with the increase of the composition of ionic liquid in the mixture.  

 

The NRTL model was used to correlate the experimental data of the VLE of the ternary 

system obtaining a good agreement with the ternary experimental data but with serious 

discrepancies in the temperature. In conclusion, from the study carried out in this 

journal, it can be said that with the addition of ionic liquid to the mixture of water and 

ethanol the existing azeotrope can be broken, opening a new possibility as an entrainer 

for this ionic liquid. 
[12]
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