
Chapter 2 –Distillation 

2.14  Steam distillation and its application 

 

Steam distillation is used to separate temperature-sensitive organic compounds 

such as aromatic substances.   

 

 

At a very high sustained temperature, few of organic compounds may 

decompose. It would be difficult to separate by a distillation process at a certain 

boiling point. Steam will be introduced into an apparatus ( distillation). 

Condensed liquid phase separates that are vaporized a water vapor carries 

compounds and they are placed in a condensation flask that is placed near by. 

Now distillation takes place at a lower temperature. Steam distillation can be 

applied in case if the substance is very sensitive to heat. Vapours are condensed 

after distillation process. 

 

Applications 

 Steam distillation are widely used in the manufacturing of essential oils, 

for instance perfumes.  

 This method uses a plant material that consists of essential oils. Mainly 

orange oil is extracted on a large scale in industries using this method. 

https://byjus.com/chemistry/classification-organic-compounds/


 Application of steam distillation can be found in the production of 

consumer food products and petroleum industries. They are used in 

separation of fatty acids from mixtures. 

 It can be used to extract oils from natural products, such as eucalyptus 

oil, citrus oils, or other natural substances derived from organic matter. 

 

 

2.15 Azeotropic and extractive distillation 

Azeotropic distillation (AD) is a process to break azeotrope where another 

volatile component, called the entrainer, the solvent, or the mass separating 

agent (MSA), is added to form a new lower-boiling azeotrope that is 

HETEROGENEOUS (diverse in character or content). 

 

In the same way extractive distillation also works. Find the mechanism below. 

 

 

 

 

What is difference between azeotropic distillation and extractive 

distillation? 



 

 

1. n azeotropic distillation (AC) the third component added is referred as 

entrainer while in extractive distillation (EC) third component added is 

referred as solvent. 

2. Product obtain from AC is from bottom of the column while in EC 

product is obtain from top of the column. 

3. Third component added in AC forms low boiling azeotrope while in EC 

third component added has low volatility(high boiling point). 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 3- ABSORPTION 

CHAPTER – III ABSORPTION  

 

3.1 Principles of absorption and factors affecting rates of absorption 

 

Absorption : Absorption, in chemical technology, is a process in which atoms 

or molecules transfer from a gas phase into a liquid phase 

Theory of Absorption: 

-Two film Theory 

 



 

 

 

 

Type of Absorption 

 1.Chemical Absorption : Chemical absorption or 

reactive absorption involves a chemical reaction between the substance 

being absorbed and the absorbing medium 



 2. Physical Absorption: No chemical reaction involved. 

 

 

 

 

FACTOTRS AFFECTING ABSORPTION:: 

 

 Operating Pressure :: 

Raising the pressure may increase the separation effectiveness considerably.  

 Mass Transfer Coefficient of Liquid Side: 

More the MTC, More the absorption  

 Temperature and Humidity of the Rich Gas :: 

Cooling and consequent dehumidification of the feed gas to an absorption tower can be very 

beneficial. A high humidity (or relative saturation with the solvent) limits the capacity of the gas to 

take up latent heat and hence is unfavorable to absorption. Thus dehumidification of the inlet gas is 

worth considering in the design of absorbers with large heat effects.  

 

 Liquid-to-Gas Ratio (L/G Ratio) : 

          More gas flow rate leads to more absorption rate. 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 Different equipments used for absorption 

 

Absorption Tower: 

 

 

ASSIGNMENT for the above diagrams given to students. 

 



Equipments Used in Absorption process. 

1. Tray Tower 

 



 

 

2. Packed Tower 

 

Component of a Packed bed/Tower

 

 



Cross sectional/internal view of a packed absorption column 

 



 

 



Types of packing in a absorption tower 

 

1. Random Packing ( Irregular) 

2. Structured packing( Regular) 

 



 

 

 

 

 



Cases of operation for both types of towers:: 

Priming: Forth formation between trays ( Mainly in tray towers) 

Coning: In low gas velocity, the gas will make channel and move in the 

opening of the trays by pushing the liquids away. 

Weeping or Dumping: If the gas velocity is too low, the liquids will move 

down ( Leaks) through the openings provided for gas flow 

Flooding:  At very high gas velocity, it won’t allow the liquids to come through 

the openings provided. High pressure drop occurs. Liquids will overflow the 

tower. Some times returns back through the inlet. 

Loading: At a velocity where none of the above happens . Optimum Pressure 

drop 

 

3.3 

HETP (Height Equivalent to a Theoretical Plate) 

As we have noted, instead of a tray (plate) column, a packed column can be used for various 

unit operations such as continuous or batch distillation, or gas absorption. 

With a tray column, the vapours leaving an ideal plate will be richer in the more volatile 

component than the vapour entering the plate by one equilibrium "step". 

When packings are used instead of trays, the same enrichment of the vapour will occur over 

a certain height of packings, and this height is termed the height equivalent to a theoretical 

plate (HETP). As all sections of the packings are physically the same, it is assumed that one 

equilibrium (theoretical) plate is represented by a given height of packings. Thus the 

required height of packings for any desired separation is given by (HETP x No. of ideal trays 

required). 

HETP values are complex functions of temperature, pressure, composition, density, viscosity, 

diffusivity, pressure drop, vapour and/or liquid flowrates, packing characteristics, etc. 

Empirical correlations, though available to calculate the values of HETP, are restricted to 

limited applications. The main difficulty lies in the failure to account for the fundamentally 

different action of tray and packed columns 

 

 

 



 

3.4 

Wetted wall Column OR 

Falling-film column 
 

 

A falling-film column (or wetted-wall column) is a particular chemical equipment used to 

achieve mass and heat transfer between two fluid phases (in general one gas phase and 

one liquid phase). 

It is essentially formed by a vertical tube-shaped vessel: the liquid stream flows through the 

inner wall of the tube and the gas stream flows in correspondence of the centre of the tube. 

 

Description 

 

Schematics of a typical falling-film column. 

In the most common case, the column contains one liquid stream and one gas stream. The 

liquid forms a thin film that covers the inner surface of the vessel,[1] instead the gas stream is 

normally injected from the bottom of the column, so the two fluids are subjected to a counter-

current exchange of matter and heat, that happens in correspondence of the gas-liquid 

interface. 

https://en.wikipedia.org/w/index.php?title=Chemical_equipment&action=edit&redlink=1
https://en.wikipedia.org/wiki/Mass_transfer
https://en.wikipedia.org/wiki/Heat_transfer
https://en.wikipedia.org/wiki/Fluid
https://en.wikipedia.org/wiki/Phase_(matter)
https://en.wikipedia.org/wiki/Gas
https://en.wikipedia.org/wiki/Liquid
https://en.wikipedia.org/wiki/Film
https://en.wikipedia.org/wiki/Falling-film_column#cite_note-Dutta-1
https://en.wikipedia.org/wiki/Counter-current_exchange
https://en.wikipedia.org/wiki/Counter-current_exchange
https://en.wikipedia.org/wiki/File:Wetted_wall_column.svg


Sometimes, the same equipment is used to achieve the co-current mass and heat 

transfer between two immiscible liquids. 

 

Applications 
Because of its easiness of modelling, falling-film column is generally used as laboratory 

equipment, for example to measure experimentally the values of transport coefficients. [1] A 

significant experiment was carried out in 1934 by Edwin R. Gilliland and Thomas Kilgore 

Sherwood that used a falling-film column to study the mass transfer phenomenon between a 

liquid phase and a gas phase, obtaining an experimental correlation between Sherwood 

number, Reynolds number and Schmidt number.[3] 

It is not used at an industrial scale, because it has low surface area and liquid hold-

up compared to other gas-liquid contactors (e.g. a packed column or a plate column). 
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https://en.wikipedia.org/w/index.php?title=Liquid_holdup&action=edit&redlink=1
https://en.wikipedia.org/wiki/Gas-liquid_contactor
https://en.wikipedia.org/wiki/Packed_column
https://en.wikipedia.org/wiki/Plate_column


Design of Absorption equipments  
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