
Introduction to Industrial Chemistry Technology

Key concepts, processes, and applications for the modern chemical industry

1. What Is Industrial Chemistry Technology?

Aspect Description

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

and manage chemical products on a large (industrial) scale.

Goal
Transform raw materials into valuable chemicals, materials, and energy efficiently,

safely, and sustainably.

Scope
Includes process design, reaction engineering, separation technology, catalysis, plant

operation, safety, environmental control, and product quality management.

2. Core Components of an Industrial Chemical Process

1. Raw Materials

Natural resources (oil, natural gas, minerals, biomass) or recycled streams.

2. Chemical Reactions

Homogeneous (same phase) or heterogeneous (different phases) reactions.

Often catalyzed to improve rate, selectivity, and energy efficiency.

3. Reaction Engineering

Reactor types (batch, CSTR, PFR, fluidized?bed, tubular, autoclave).

Design parameters: temperature, pressure, residence time, mixing.

4. Separation & Purification

Distillation, extraction, absorption, crystallization, membrane filtration, adsorption.

5. Heat & Mass Transfer

Heat exchangers, condensers, reboilers, cooling towers.

6. Utilities & Supporting Systems

Steam, electricity, compressed air, water treatment, waste handling.

7. Control & Automation

Sensors, PLC/DCS, advanced process control (APC), digital twins.
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3. Major Reaction Pathways in Industry

Category Typical Products Representative Processes

Petrochemical
Ethylene, propylene, BTX (benzene,

toluene, xylene)
Steam cracking, catalytic reforming

Polymerization
Polyethylene, polypropylene, PVC,

PET

Gas?phase, solution, slurry

polymerization

Oxidation/Reduction
Sulfuric acid, nitric acid, hydrogen,

ammonia

Contact process, Ostwald process,

Haber?Bosch

Fermentation Ethanol, organic acids, antibiotics Bioreactors, downstream recovery

Electrochemical Chlor?alkali, aluminum, batteries Membrane cells, Hall?Héroult cell

Catalytic Synthesis Pharmaceuticals, fine chemicals
Hydrogenation, hydrocracking,

selective oxidation

4. Catalysis – The Engine of Modern Chemistry

Type Characteristics Typical Uses

Homogeneous
Catalyst and reactants in same

phase (often liquid)

Hydroformylation, acid?catalyzed

esterifications

Heterogeneous
Solid catalyst, gas or liquid

reactants

FCC (fluid catalytic cracking),

ammonia synthesis

Enzymatic
Biological catalysts, highly

selective

Pharmaceutical intermediates, bio

?fuels

Photocatalytic /

Electrocatalytic
Light or electricity drives reaction CO? reduction, water splitting

Key design considerations: activity, selectivity, stability, deactivation mechanisms, regeneration.

5. Process Safety & Environmental Management

1. Hazard Identification

HAZOP, FMEA, bow?tie analysis.
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2. Risk Mitigation

Inherently safer design, pressure relief, containment, emergency shutdown.

3. Environmental Controls

Emission limits (VOC, NOx, SOx), wastewater treatment, waste minimization, life?

cycle
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