
Introduction to Industrial Chemistry Technology

Key concepts, processes, and applications for a foundational understanding

1. What Is Industrial Chemistry?

Aspect Description

Definition
The application of chemical principles and engineering to design, produce,

and optimize chemicals, materials, and energy on a commercial scale.

Goal
Transform raw feedstocks into valuable products efficiently, safely, and

sustainably.

Scope
Includes petrochemicals, polymers, pharmaceuticals, fertilizers, specialty

chemicals, fuels, and emerging bio?based materials.

Interdisciplinary

Links

Chemistry, chemical engineering, materials science, environmental science,

process control, economics, and safety management.

2. Core Process Units

Unit Primary Function Typical Examples

Reactor

Chemical transformation (reaction) under

controlled temperature, pressure, and

residence time.

Fixed?bed catalytic reactors, slurry

reactors, fluidized?bed reactors, batch

reactors.

Separation
Isolation of desired product(s) from

reaction mixture.

Distillation, extraction, absorption,

membrane filtration, crystallization,

adsorption.

Heat?

Exchange

Transfer of thermal energy to maintain

optimal reaction conditions or recover

energy.

Shell?and?tube exchangers, heat

pumps, condensers, reboilers.

Material

Handling

Transport and storage of raw materials,

intermediates, and products.

Conveyors, pumps, silos, pipelines,

bulk storage tanks.

Utility

Systems

Provide ancillary services (steam,

electricity, cooling water, compressed air).

Boilers, chillers, generators,

compressed?air plants.
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3. Typical Reaction Pathways

1. Synthesis (Build?up)

Examples: Haber?Bosch (N? + H? ? NH?), polymerization (ethylene ? polyethylene),

esterification.

2. Decomposition (Break?down)

Examples: Steam cracking (C??? ? ethylene, propylene), catalytic reforming.

3. Conversion (Rearrangement)

Examples: Isomerization, alkylation, hydrocracking.

4. Oxidation/Reduction

Examples: Contact process (2SO? + O? ? 2SO?), catalytic hydrogenation.

Key design considerations: thermodynamics (?G, ?H), kinetics (rate law, catalyst activity),

selectivity, yield, and heat management.

4. Catalysis in Industry

Catalyst Type Advantages Typical Uses

Homogeneous
Uniform active sites, easy to tune via

ligands.

Hydroformylation,

polymerization of olefins.

Heterogeneous Easy separation, robust, recyclable.

Ammonia synthesis (Fe),

catalytic cracking (Zeolites),

hydrogenation (Ni, Pd).

Biocatalysts
High specificity, mild conditions,

renewable.

Enantio?selective syntheses,

biodiesel production (lipases).

Enzyme?Mimicking

(MOFs, single?atom

catalysts)

Combines benefits of

homogeneous/heterogeneous

systems.

CO? reduction, selective

oxidation.

Catalyst deactivation (coking, sintering, poisoning) must be monitored and mitigated through

regeneration or replacement strategies.

5. Process Design & Scale?Up
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1. Laboratory Feasibility

Reaction screening, catalyst selection, kinetic data collection.
2.
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