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Introduction

• Chemical Reaction Engineering (CRE) examines the 
dynamics of reaction rates, mechanisms, and 
reactor design.

• This lecture focuses on multiple reactions, their 
classification, and strategies to optimize selectivity 
and yield.



Topics to be Addressed

• - Fundamentals of Multiple Reactions

• - Types of Reactions: Series, Parallel, Independent, 
and Complex

• - Selectivity and Yield: Instantaneous vs. Overall

• - Analytical and Numerical Approaches

• - Case Studies and Practical Applications



Objectives

• By the end of this lecture, students will be able to:

• - Classify multiple reaction types and their 
characteristics.

• - Apply mole balances, rate laws, and 
stoichiometry to multiple reactions.

• - Analyze selectivity and yield in reaction networks.

• - Develop strategies to maximize desired products 
in complex reactions.



Introduction

• Multiple reactions, including series, parallel, 
independent, and complex types, play a critical 
role in chemical process optimization.

• This session explores theoretical insights and 
practical approaches to analyze and maximize the 
desired products.



• Multiple Reactions

• Selectivity and Yield

• Series Reactions

• Complex Reactions
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Types of Multiple Reactions

• Series: A → B → C

• Parallel: A → D

     A → U

• Independent: A → B

               C → D

• Complex: A + B →C + D

          A + C → E

With multiple reactors, either molar flow or number of 
moles must be used (no conversion!)
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Instantaneous Overall

Selectivity

Yield

There are two types of selectivity and yield:  
Instantaneous and Overall.
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Selectivity and Yield
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To maximize the selectivity of D with respect to U run at 
high concentration of A and use PFR.

DBA 1k
⎯→⎯+

BAD CCkr 2

1=Example: Desired Product:

UBA 2k
⎯→⎯+

BAU CCkr 2=Undesired Product:

Selectivity and Yield
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Gas Phase: Multiple Reactions
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Multiple Reactions
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Multiple Reactions

B)  Rates

a) Rate Law for each reaction:

b) Net Rates:

c) Relative Rates:
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Multiple Reactions

C) Stoichiometry

Gas:

Liquid:
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Example: A → B → C 

   (1) A → B    k1

   (2) B → C    k2



Batch Series Reactions

1) Mole Balances

14

Vr
dt

dN

Vr
dt

dN

Vr
dt

dN

C
C

B
B

A
A

=

=

=

A
C

A
B

A
A r

dt

dC
     r

dt

dC
     r

dt

dC
===

V=V0 (constant batch)



Batch Series Reactions

2) Rate Laws
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Example 1: Batch Series Reactions
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A → B → C

(1) A → B 

(2) B → C

1) Mole Balances
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Example:  Batch Series Reactions

2) Rate Laws
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Example:  Batch Series Reactions

3) Combine

Species A:

Species B:
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Example 1:  Batch Series Reactions
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Example 2:  CSTR Series Reactions
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Example 2:  CSTR Series Reactions
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A→B→C

2) Rate Laws
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A→B→C

3) Combine

  

CA 0 -CA - k1CAt = 0

CA =
CA 0

1+ k1t

-CB + k1CA - k2CB( )t = 0

CB =
k1CAt

1+ k2t

CB =
k1CA 0t

1+ k2t( ) 1+ k1t( )

Example 2:  CSTR Series Reactions
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Example 2:  CSTR Series Reactions
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Are you ready?



Supplementary Slides
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Blood Coagulation
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Notations
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Notations
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Mole Balances
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Mole Balances
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Mole Balances
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Results
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Many metabolic reactions involve a large number of 

sequential reactions, such as those that occur in the 

coagulation of blood.

    Cut → Blood → Clotting

Figure A. Normal Clot Coagulation of blood
(picture courtesy of: Mebs, Venomous and Poisonous 

Animals, Medpharm, Stugart 2002, Page 305)

Blood Coagulation
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Schematic of Blood 
Coagulation
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Summary
• In this lecture, we covered:

• - Classification and characteristics of multiple reactions.
• - Key concepts: selectivity, yield, mole balances, and 

stoichiometry.
• - Practical strategies to maximize selectivity and desired 

outcomes.
• - Analytical and numerical methods for reactor 

performance evaluation.

• Multiple reactions are essential for understanding and 
optimizing complex chemical processes.
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