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Abstract 

One of the elements of various process plants is a distillation system. Distillation is a term, which one  often comes 

across throughout his life. It is used to demonstrate the separation of a binary mixture of two volatile components. 

Various setups can be used for this separation process such as a packed- fractionating column so as to obtain 

components with maximum purity as some part of the heavier component is present in the lighter component and 

vice-versa. Distillation is of two types: Batch Distillation and ContinuousDistillation. The former refers to the 

separation in batches i.e., the feed is fed to the system in fractions whereas the latter refers to the separation 

process in which the feed is fed to the system in a continuous manner. The distillation process is used in Chemical 

industries, Petrochemical industries etc. 

Introduction 

Distillation is a common process used for separation of a mixture of two liquids, having different boiling points. 

Usually, there is a difference of at least 25oC between the components of the mixture which is needed to be 

separated [1]. The mixture is heated and the more volatile (easily evaporated, usually the liquid/chemical with less 

boiling point) component (liquid). The evaporated liquid is then fed to the condenser and is allowed to cool, 

where it changes its state again and become a liquid and this liquid is then called, the distillate and what remains 

in the original container is called the residue [3]. To get more pure components a packed-fractionating column is 

introduced and when this is done the distillation process is called Fractional Distillation. In fractional distillation, 

as the name signifies, the components are separated asinfractions, continuously.After the separation of the 

components from each other, theirpurity is measured with the help of anAbbe’sRefractometer [4]. 
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Literature Review  

As fractional distillation does the separation infractions,continuously. It is based on the principle of mass transfer 

and the driving force is the difference in the concentrations.The fractionating column consists of a packing made 

of glass, usually glass beads. The reason behind packing is that it increases the surface area for the vaporization 

and condensation of the liquid(s). In the condenser unit, there are four teeth which help in transferring of the 

evaporated liquid and generation of reflux. Reflux is a technique in which the evaporating liquid gets condensed, 

from the condenser and this condensate is allowed to goback to its origin. RefluxRatio may be defined as the ratio 

of amount of residue to that of distillate. Out of these four teeth, three generates the reflux and the other one 

allows the evaporated liquid to move to the distillate through the condenser [5]. Wrapping an insulator material 

like glass wool and aluminum foil around the column helps to control the flow of vapors to the column and the 

condenser. The round bottom flask placed on the heating mantle consists of the liquids to be separated and boiling 

chips or a broken piece of glass to avoid bumping of the liquid(a process in which a liquid, when heated above it’s 

boiling temperature gets expelled from the container). When residue and distillate are obtained, their purity is 

checked with Abbe’sRefractometer. 

It is a device, used to measure the refractive indices. It consists of two mirrors which act as double- 

prisms. The liquid, whose refractive index is to be measured is kept between these double- prisms and 

are locked. There is another mirror which helps in the reflection of sunlight so that a light-dark boundary 

is observed. 
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Figure 1: Abbe's Refractometer 

 

 

Figure 2: Dark-Light boundary while measuring the refractive index using Abbe's Refractometer 

At indusrtial level, there is some difference in the setup. The feed is stored in the tank, for bringing up 

the process; a pump is used to transfer the feed from tank to the pre-heater, in the pre-heater the mixture 

is heated under pressure to just below its boiling point. The pressure in the tower is lower than the 
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pressure in the pre-heater so when the feed enters the tower, it starts to boil. the vapors from the boiling 

liquid which primarily contain the lighter components in the feed rise in the tower,  the remaining liquid 

which consists primarily the heavier components of the feed moves down of the column and collect to 

the bottom. Some of this liquid is drawn off as the bottoms liquid and some it is passed to the bottom re-

boiler which is connected to the bottom of the tower [6]. The bottom re-boiler is actually the pre-heater 

that is designed to vaporize the lighter component that remains in the liquid in the bottom of the tower. 

Vapors from the re-boiler or in some cases a mixture of vapors in liquid reenter the tower, the vapors 

then rise up in the tower, these vapors and the heat they contain are often referred to as a boil-up.  The 

hot boil-up provide its heat that is needed for the distillation process to take place in the tower. The 

vapors that rise up in the tower are sent to a condenser, the purpose of the condenser is to cool and 

condense the vapors into liquid. From the condenser the liquid flow to a receiver, the receiver provides a 

reservoir for the liquid, part of the liquid from the receiver is pumped back to the top of the tower and 

the other part of it is drawn off as the overhead product. 

Fractionation is the process that occurs at different levels in the tower. In the tower, sieve trays are used 

to separate the liquids and vapors, the trays are spaced throughout the tower. They are called sieve trays 

because they have many openings in them like a sieve. The openings in the trays allow the vapors to rise 

in the tower. Each tray is also designed the whole liquid, dams on each tray allow liquid to build up on 

the tray, liquid that flows to the dams flows to the down comers, the down comers channels the liquid 

from tray to tray . The upward moving vapors and the downward moving liquid come in contact to the 

each tray; the vapors transfer some of the heat to the liquid. Two things happen; the heavier components 

of the vapors become cooler and condense into liquid and the lighter components of the liquid boil. The 

vapors then raise towards the next tray, the process continues, the vapors increase the concentration of 

lighter liquids and a lower concentration of heavier components [2].  

Experimental Section  

The laboratory setup for fractional distillation isquite a simple one. It consists of: 

1. A heating mantle 

2. A round bottom flask to keep  residue and liquids, originally 

3. A packed fractionating column 

4. A condenser 
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5. A thermometer 

6. Water supply for condenser 

7. Electricity supply(220 Volts) 

8. Another round bottom flask, to keep distillate 

9. A drum/bucket to store the drained water from the condenser 

10. A stand to provide support to the apparatus 

 

Figure 3: A Fractional Distillation Set-up 

A packed-fractionating column is inserted at the neck of the round bottom flask, which is placed on the 

heating mantle. Then, the unit of the condenser is inserted at the other opening of the fractionating 

column. Further, this condenser is attached. Wrapping a cotton cloth around the heating round-bottom 

flask is required so as no heat/vapor loss is there.Consider the separation of Cyclohexane and 

DMSO(Dimethyl sulphoxide). The boiling point of cyclohexane is 81oC and DMSO is 180oC and the 

refractive index of pure cyclohexane is 1.435 and DMSO is 1.509 [19]. 

Results & Discussion 

After the separation, residue and distillate are obtained and their purity(refractive index) is measured and 

it is observed that there is negligible difference between the pure component and the residue/distillate.   
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Table 1: Refractive Index measured before and after the separation 

Serial Number Chemical used Refractive Index 

1 Pure Cyclohexane  1.435 

2 Pure DMSO 1.509 

3 Residue after distillation 1.507 

4 Distillate after distillation 1.430 

 

A clear residue and disillate is observed after the separation.Fractional distillation is utilized for the 

separation of a mixture containing two liquids as components, based on the difference in their boiling 

points and concentrations, by providing heat in such a way that the more volatile component(lower 

boiling point) rises above and becomes vapor through the fractionating column and the condenser, 

causing reflux and distillate. Surface area of the fractionating column is increased by the packing usually 

glass beads. Heat is provided to the apparatus, not in a constant way but increasing it slightly after 

sometime, otherwise the separation will not take place properly and pure components(residue and 

distillate) will not be obtained. After the separation, refractive indices are measured with the help of the 

Abbe’s Refractometer.A conclusion can be made that fractional distillation when carried out, separation 

occurs. Boiling points can be found and thus identity of the component can be found by measuring the 

refractive index(purity). 
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