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Introduction to Chemical Engineering
Key concepts, typical processes, and career pathways

1. What Is Chemical Engineering?

Aspect Description

Application of chemistry, physics, mathematics, and biology to design,

Definition optimize, and operate processes that transform raw materials into valuable
products.
Convert substances efficiently, safely, and sustainably while meeting
Core Goal _ _ _
economic and environmental constraints.
Typical Fuels, polymers, pharmaceuticals, food & beverages, specialty chemicals,
Products clean water, and advanced materials.
Work Process plants, research labs, consulting firms, academia, and government

Environments agencies.

2. Fundamental Principles

Principle Relevance to Chemical Engineering

. Foundation for quantifying streams entering and leaving a unit
Material & Energy Balances

operation; basis for design and optimization.

) Predicts phase behavior, reaction feasibility, and energy
Thermodynamics

requirements.

Describes momentum (fluid flow), heat, and mass
Transport Phenomena

transfer—essential for sizing equipment.

) ) _ Kinetics and reactor design to achieve desired conversion and
Reaction Engineering

selectivity.

Sensors, controllers, and algorithms that maintain safe, steady
Process Control

operation.

) Techniques (distillation, extraction, membrane, adsorption) to
Separation Processes

isolate desired products.
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Principle Relevance to Chemical Engineering
Safety & Environmental Hazard analysis, risk mitigation, waste minimization, and life?cycle
Engineering assessment.

3. Major Unit Operations

Unit Operation Primary Function Typical Equipment
Mixing Homogenize reactants Stirred tanks, static mixers

Heat Transfer Add or remove thermal energy  Heat exchangers, condensers, evaporators

Fluid Flow Transport fluids through the plant Pumps, compressors, pipelines

Reaction Convert reactants to products Batch reactors, CSTRs, PFRs

Separation Separate components Distillation columns, absorbers, membranes
Solid Handling Move, size, or treat solids Crushers, dryers, filters

4. Process Design Workflow

1. Problem Definition
o ldentify product specifications, market demand, and constraints (cost, regulations).
2. Conceptual Design

o Sketch process flow diagram (PFD).
o Select major unit operations and overall process route.

3. Preliminary Design

o Perform material and energy balances.
o Estimate equipment sizes using empirical correlations.

4. Detailed Design

o Generate piping and instrumentation diagram (P&ID).
o Conduct rigorous simulations (e.g., Aspen HYSYS, ChemCAD).
o Optimize for energy integration (heat?exchanger networks).
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5. Economic Evaluation

o Capital cost estimation (equipment, installation).
o Operating cost analysis (raw materials, utilities, labor).
o Perform sensitivity and risk analysis.

6. Safety & Environmental Review

o Hazard and operability study (HAZOP).
o Emission and waste assessments; propose mitigation.

7. Implementation & Commissioning

o Construction, start?up testing, and performance verification.

5. Key Tools & Software

Category Examples Typical Use

_ _ Aspen Plus, HYSYS,  Mass/energy balances, equipment
Process Simulation o
Pro/ll sizing

Computational Fluid Dynamics
(CFD)
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