Unit Operations for Process Engineers

Unit operations are the essential steps in any industrial process that involve physical or
chemical changes in matter. The word “unit” means that these operations can be combined in
different ways to create the overall process. They are important for designing, analyzing, and
optimizing industrial processes, as well as for understanding the basic principles and phenomena
that regulate them. Process engineers, especially chemical and environmental engineers, need to
learn the concepts and applications of various unit operations, Some of the most common and
useful unit operations in the industry are:

1)

Distillation: This unit operation is used to separate a mixture of two or more substances
based on their boiling points. It is widely used in the petroleum, petrochemical,
pharmaceutical, and food industries, as well as in environmental engineering and water
treatment.

The results of distillation are called distillate and residue,

2)

Distillate is the liquid or vapor phase that contains the more volatile component.
Residue is the liquid or solid phase that contains the less volatile component

Liquid-liquid extraction: This is a type of extraction that involves two immiscible liquid
phases, usually water and an organic solvent. The solute is transferred from one phase to
the other based on its relative solubility and distribution coefficient. It is used to remove
impurities, recover valuable compounds, or separate organic or metal solutes

The results of extraction are called extract and raffinate,

3)

4)

Extract is the liquid phase that contains the desired component or solute
Raffinate is the liquid phase that is depleted of the solute.

Solid-Liquid Extraction (Lixiviation): This is a type of extraction that involves a solid
phase and a liquid solvent. The solute is dissolved from the solid into the liquid by
contacting them in a suitable vessel or tank.

The resulting solution is called a leachate and the remaining solid is called a residue.

Lixiviation is often used to extract metals from ores, minerals, or wastes, using water or
acidic solutions as solvents.

Adsorption: This unit operation is used to separate a mixture of two or more substances
based on their affinity to a solid surface. It is used to remove pollutants, dehydrate gases,
capture carbon dioxide, or separate paraffins and aromatics.

Some of the most known adsorbents are activated carbon, zeolites, and silica gel.



5)

6)

7)

Absorption: This unit operation is used to transfer a gas or vapor component from a gas
mixture into a liquid phase. The liquid acts as a solvent or absorbent that dissolves or
captures the gas component. Absorption is used to purify, recover, or remove gas
components from gas streams, such as ammonia, hydrogen sulfide, carbon dioxide, or
volatile organic compounds.

Humidification: This unit operation is used to increase the moisture content or humidity
of a gas stream by adding water vapor or liquid droplets. Humidification is often required
for various reasons, such as providing optimal conditions for certain chemical reactions,
maintaining specific humidity levels in controlled environments, and improving the
efficiency of certain industrial processes.

Drying: This unit operation is used to decrease the moisture content or humidity of a
solid material or a liquid mixture by removing water or another solvent. Drying is often
used to stabilize, conserve, or improve the quality and handling of the material or
mixture, as well as to reduce the cost of transportation and storage.
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