Separation Methods

Separation in industrial chemistry refers to the process of isolating one or more
components from a mixture based on their physical or chemical properties, such
as boiling point, solubility, size, charge, density, or magnetic behavior.

It is a core part of chemical engineering and process chemistry, essential for
producing pure products and removing unwanted materials. Separation techniques
are used in industrial processes for several key reasons:

1. Purification: Remove impurities from the desired product (e.g., purifying ethanol
from fermentation).

2. Recovery of valuable products: Separate and recycle unreacted raw materials or
by-products (e.g., hydrogen recovery in ammonia production).

3. Waste treatment: Remove hazardous substances from waste streams (e.g., heavy
metal removal from wastewater).

4. Improve product quality and efficiency: Ensures the final product meets safety,
purity, and performance standards.

5. Cost-effectiveness: Proper separation reduces material loss and increases yield.

Classification of Separation Methods

Separation methods can be classified based on the property used for separation:

Type Based On Examples
Physical Boiling point, solubility Distillation, crystallization
Mechanical Particle size, density Filtration, centrifugation
Chemical Chemical reactivity Precipitation, oxidation
Physico-chemical Surface properties, charge Adsorption, ion exchange
Membrane-based Size/selective permeability Reverse osmosis, ultrafiltration

Electromagnetic Magnetism or charge Magnetic separation, electrophoresis




Physical Separation Methods

1. Distillation — Based on Boiling Point

Distillation is a process of heating and condensing a component in a liquid. This
process is a separation method used to increase the concentration of a certain
component in a mixture or to get an almost pure component.

Types of Distillations

a. Simple Distillation

Simple distillation is carried out by heating the mixture to the boiling point and
directly condensing the vapor. This method is only effective for mixtures that have
very different boiling points (at least 25 degrees Celsius). Key applications include
purifying solvents and chemical intermediates, producing distilled water, and
extracting essential oils from plants for fragrances and cosmetics.

b. Steam Distillation

Steam distillation is used to separate heat-sensitive components. The process
introduces steam into the mixture to partially vaporize the components. As a result,
the transfer rate can be higher without high temperatures. Key applications include
extracting essential oils for fragrances, purifying fatty acids, and separating
components like eucalyptus and orange oils from plant materials. It is also used for
separating certain aromatic compounds and in the petroleum and biodiesel
industries.

¢. Vacuum Distillation

Vacuum distillation is suitable for separating mixtures of liquids having very high
boiling points. Because the boiling point is high, high temperatures cannot handle
the distillation process, so it uses lower pressure. When the pressure is low, the
components will boil at a lower temperature. Then, vapor is formed, condensed, and
collected. Key applications include separating components of crude oil, purifying
active pharmaceutical ingredients (APIs), and purifying monomers, with benefits
including preventing thermal degradation, improving yields, and saving energy.



d. Fractional Distillation

Fractional distillation is applied to mixtures that have the same boiling point. The
process involves evaporation and condensation that occur in a fractionation column.
The primary application in the chemical industry is the separation of crude oil into
useful fractions like gasoline, diesel, and kerosene. It is also used to separate and
purify other liquid mixtures, such as separating oxygen and nitrogen from liquefied
air, purifying high-purity silicon from chlorosilanes for the electronics industry, and
separating ethanol from water in the production of spirits.

2. Crystallization — Based on Solubility

Crystallization is the physical transformation (phase transition) of a liquid,
solution, or gas to a crystal, which is a solid with an ordered internal
arrangement of molecules, ions, or atoms. Many substances of scientific,
technological, and commercial importance are crystalline, ranging from
large-tonnage commodity materials to high-value specialty chemicals. a key
process for separating and purifying compounds, producing high-purity
solids like sodium chloride, potassium nitrate, and ammonium sulfate. It is
used to control crystal size, shape, and purity, which influences product
properties such as solubility and stability, and is crucial for manufacturing
pharmaceuticals, food ingredients, and even materials for batteries and
wastewater treatment.

3. Sublimation
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Sublimation is used in the chemical industry primarily for purifying compounds by
separating volatile solids from non-volatile impurities. It is also used in the
production of materials, where it enables the deposition of thin films, and in the



pharmaceutical industry for purification and the production of temperature-sensitive
compounds like vaccines. Other applications include food processing via freeze-
drying and the manufacturing of products like air fresheners.

Mechanical Separation Methods

1. Filtration — Based on Particle Size

Filtration in the chemical industry is crucial for purifying raw materials, clarifying
products, and treating wastewater by separating solids from liquids or gases. Key
applications include improving product quality by removing impurities, increasing
process efficiency, recovering valuable substances, and ensuring compliance with
environmental regulations for wastewater discharge. It is also used to protect
equipment and filter process air and gases.

2. Centrifugation — Based on Density

In the chemical industry, centrifugation is a core process for separation and
purification, used to clarify liquids, separate solids from liquids, dewater solids, and
split immiscible liquids. Applications include purifying chemicals and
pharmaceuticals, recovering valuable components from waste streams like in
petrochemicals, and preparing materials like dyes or pigments. This technique
enhances product quality, increases efficiency, and reduces waste.

3. Decantation / Sedimentation

Decantation in the chemical industry is used to separate immiscible liquids,
such as oil and water, and to separate a liquid from a solid by pouring the
liquid off after the solid has settled. Applications include purifying chemical
compounds, pre-treating wastewater in effluent treatment plants, and
managing sludge by separating the liquid supernatant from the settled
solids. It's also used in the recovery of precious metals from catalysts and in
some food and beverage processing.

Chemical Separation Methods

1. Precipitation — Based on Insolubility

Precipitation in the chemical industry is used for a wide range of applications,
including purifying water and wastewater by removing heavy metals and
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phosphates, isolating products during organic synthesis, manufacturing
pigments, and strengthening alloys. It is a fundamental process for
separating solid products from liquid solutions through methods like
filtration or sedimentation.

2. Chemical Conversion

Chemical conversion is used in the chemical industry for separation by
converting a mixture into components that are more easily separated, often
by a reversible reaction. Examples include using chemical-looping with a
reactant to break up azeotropes or selective absorption to remove specific
components like carbon dioxide or ammonia from a gas stream. This
approach, along with other methods like chemical recycling, helps to isolate
high-purity products from complex mixtures or waste streams.

Physio-Chemical Methods

1. Solvent Extraction (Liquid-Liquid Extraction

Solvent extraction is used in the chemical industry to separate compounds based on
their varying solubilities in two immiscible liquids, typically an aqueous and an
organic solvent. Key applications include petrochemical processing, purifying
pharmaceuticals, metal refining, and recovering fermentation products like biofuels,
where it can be more energy-efficient than distillation. The process works by
selectively transferring a solute from one liquid phase to another, leaving the desired
compound isolated in the new solvent.

2. Adsorption

Adsorption is used in the chemical industry for separation and purification of
gases, liquids, and solids by using porous solid materials (adsorbents) to
selectively capture components from a mixture. Key applications include
purifying hydrogen from gas mixtures using pressure swing adsorption
(PSA), separating hydrocarbons in petroleum refining with zeolites, removing
impurities and moisture from solvents and air, and purifying active
pharmaceutical ingredients (APIs).



3. lon Exchange

lon exchange is used in the chemical industry for separation in applications
like water treatment, purifying chemicals, hydrometallurgy, and
biotechnology. It involves using ion exchange resins to selectively remove,
separate, or replace ions in a liquid based on their charge, allowing for the
purification of valuable metals, the demineralization of water, and the
purification of biochemicals like proteins and amino acids.

Membrane-Based Separation

1. Reverse Osmosis (RO)

Reverse osmosis (RO) is used in the chemical industry for separation processes like
wastewater treatment, desalination, and recovering valuable materials from
solutions. It uses a semi-permeable membrane to separate substances by applying
pressure to move a solvent (like water) from a solution, leaving the larger solute
molecules and contaminants behind on the pressurized side. Desalination of
seawater.

2. Ultrafiltration & Nanofiltration

. Ultrafiltration: removes proteins, large molecules.
« Nanofiltration: removes divalent ions, small organics.

Electromagnetic or Other Specialized Methods

1. Magnetic Separation

Removal of magnetic materials from non-magnetic mixtures.
Example: Iron separation from sand in mining.

2. Froth Flotation

Surface-active chemicals make valuable mineral particles attach to air bubbles and
float. Example: Sulphide ores (e.g., copper, zinc).

Electrophoresis (Laboratory/High-Tech Use)

Separation of charged particles under an electric field. Used in biotechnology and
pharmaceuticals.



