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Chemical Reaction Engineering 

□ Objective:- 

1-  Technological  

●  Maximum possible product in minimum time  ●  Desired quantity in 

minimum time  ●  Maximum possible product in desired time  

2-  Economic  

●  Maximize profit 

□ Constraints 

1-  Market 

●  Raw materials availability – quality and quantity  ● Demand for the product  

2-  Society/Legislative  

●  Safety  

● Pollution control  

3-  Technological  

●Thermodynamics   ●  Stoichiometry      ●  Kinetics 

□  Type of reactor 

●  Tubular, Fixed Bed, Stirred tank, Fluidized bed  

□ Mode  

●  Mass Flow: Batch, Continuous, Semibatch  

●  Energy: Isothermal, Adiabatic, Co/counter current  

□ Process Intensification  

●  Combining more than one type of unit operation 
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LECTURE ONE 

 

 This lecture covers: reaction stoichiometry, lumped stoichiometry in complex 

systems such as bioconversions and cell growth (yields), extent of reaction, 

independence of reactions, measures of concentrations, single reactions and 

reaction networks, and bioreaction pathways. 

 

 

 

 

Figure 1. A schematic of a control volume with inflow of Fo and outflow of species A, 

FA. 

 F = total molar flow rate (moles/sec) 

 Fo = total molar flow rate entering control volume 

 FA = molar flow rate of species A 

 FAo = molar flow rate of species A entering control volume  

NA = Moles of species A  

Mass balance: (change in “A” inside control volume)= (amount of “A” that 

entered)- (amount of “A” that exited) + (amount of “A” created inside the 

control volume) – (amount of “A” destroyed inside the control volume). 
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 where V is volume and rA is the rate of A created or destroyed 

(moles/sec/volume). 

 The mass balance can also be written as: 

 

 

 where v is velocity, D is the diffusion coefficient, and ρA is the molar density 

of A (moles/volume).  

Example: 

 

where k is a measurable rate constant that changes with respect to T and P but 

remains constant with respect to changing concentrations. 

 

where ,νA,1 is the stoichiometric coefficient for species A in reaction 1. 

Likewise, 

 

If there are n reactions involving species “A” then 
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Extent of Reaction 

 

Conversion 
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 Lecture 2: The Reaction Rate & Reaction Mechanisms  
The lecture covers: Definitions in terms of reacting compounds and reaction 

extent, rate laws, Arrhenius equation, elementary, reversible, non-elementary, 

catalytic reactions.  

From previous lecture: 

 

 

 Figure 1. A reactor with reactants A and B constantly flowing in and product C and 

unused reactants A and B flowing out. 

 

 Closed reactor, const. V 

 Detailed balance- all steps in equilibrium, total system 
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forward-reverse in one expression 

Catalysis 
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Lecture 3: Continuous Stirred Tank Reactors (CSTRs) 
 

  

This lecture covers: Reactions in a perfectly stirred tank. Steady State CSTR. 

 

 
 

 where rA is evaluated at the reactor concentration. This is the same as the exit 

concentration because the system is well mixed. 
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Consider: 1
st 

Order Reaction Kinetics 
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Lecture 4: Batch Reactors 
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Lecture 5: The Plug Flow Reactor 
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 Lecture 6: Reactor Size Comparisons for PFR and CSTR  

This lecture covers reactors in series and in parallel, and how the choice of 

reactor affects selectivity versus conversion. PFR vs. CSTR: Size and 

Selectivity  

Material balance: 
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 Lecture 7: Nonideal Reactor Mixing Patterns  

This lecture covers residence time distribution (RTD), the tanks in series model, 

and combinations of ideal reactors.  

Non Ideal Mixing 
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 Lecture 8: Non-isothermal Reactors, equilibrium limitations, and stability  

This lecture covers: Derivation of energy balances for ideal reactors; 

equilibrium conversion, adiabatic and non-adiabatic reactor operation.  

Non-isothermal Reactors 
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Lecture 9: Catalysis 

This lecture covers: Inorganic and enzyme catalysis and their properties; 

kinetics of heterogeneous catalytic reactions; adsorption isotherms, derivation 

of rate laws; and Langumuir-Hinshelwood kinetics What initiates the reaction? 

AB+→ starts upon mixing 
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