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Overview of Industrial Chemistry
Key concepts, processes, and applications

1. Definition & Scope

Aspect Description
Industrial The branch of chemistry that focuses on the large?scale production of
. chemicals, materials, and energy using scientific principles and engineering

Chemistry _
techniques.

Goal Transform raw materials (often inexpensive feedstocks) into valuable products
efficiently, safely, and sustainably.

Sectors Petrochemicals, polymers, fertilizers, pharmaceuticals, specialty chemicals, food

Involved & beverages, cosmetics, energy (fuels, batteries), and environmental

technologies.

2. Core Principles

Principle Practical Implication

Mass Balance Every atom entering a process must appear in the products, by?
(Conservation of Matter) products, or waste. Used to design reactors and evaluate yields.

Heat generated or consumed must be accounted for; determines
Energy Balance cooling/heating needs, influences catalyst choice, and impacts plant
economics.

. Predicts feasibility (?G?<?0) and equilibrium composition; guides
Thermodynamics ) -
selection of temperature/pressure conditions.

o . Reaction rates dictate reactor size and type; catalysts lower
Kinetics & Catalysis

activation energy, increase selectivity, and enable milder conditions.

Hazard analysis (HAZOP, FMEA), emission controls, waste
Process Safety & o , )
_ minimization, and life?cycle assessment (LCA) are integral to
Environmental Impact .
design.




Membrane
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3. Major Process Types

Process Category Typical Examples

Fine chemicals,

Batch

pharmaceuticals

Ammonia synthesis,

Continuous

ethylene production

Semi?continuous

Polymerization reactors
(Plug?flow)

o Haber?Bosch, catalytic
Catalytic Fixed?Bed _
cracking

Fluid catalytic cracking
(FCC), gasification

Fluidized?Bed

Gas purification, water

Key Features

Flexible, small?scale, high product
variation; longer turnaround times.
Steady?state operation, high throughput,
lower unit?costs; requires robust control
systems.

Combines benefits of batch (product
variation) and continuous (efficiency).

Catalyst packed in a stationary bed; gas or
liquid flows through.

Particles are suspended by upward flow,
providing excellent heat transfer.

Selective transport across membranes; low

Separation desalination

energy compared with distillation.

Direct use of electricity to drive redox

_ Chlor?alkali, metal plating,
Electrochemical )
battery manufacturing

reactions; increasingly important for

renewable integration.

4. Representative Industrial Chemicals & Their Production

Routes

Chemical Primary Feedstock

N? + H? (from

Ammonia (NH?) natural gas Haber?Bosch
reforming)
Sulfuric Acid (H SO? (from sulfide
Contact process
?S07?) ores)

Ethylene (C?H?) Crude oil (naphtha) Steam cracking
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Main Process

Important Catalysts /
Conditions

Fe?based catalyst,
150-2507°C, 150-3007?
atm

V?0? catalyst, 400-4507?
°C

800-9007?°C, rapid
guench
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Important Catalysts /

Chemical Primary Feedstock Main Process o
Conditions
Polyethylene Polymerization (Ziegler?Natta 70-120?°C, moderate
Ethylene
(PE) or metallocene catalysts) pressure

**Methanol (CH?
OH
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