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Introduction

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

• This lecture focuses on the role of semibatch 
reactors in maximizing selectivity and optimizing 
reaction conditions.



Topics to be Addressed

• - Fundamentals of Semibatch Reactors

• - Mole Balances and Stoichiometry

• - Rate Laws and Reversible Reactions

• - Numerical Analysis using Polymath

• - Practical Examples and Case Studies



Objectives

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

• - Understand the operational principles of 
semibatch reactors.

• - Apply mole balances, rate laws, and 
stoichiometry to reactor design.

• - Analyze reversible reactions in semibatch 
reactors.

• - Utilize numerical methods for reactor analysis.



Introduction

• Semibatch reactors are highly effective for 
controlling reaction dynamics, especially in liquid-
phase reactions where selectivity is crucial.

• This session explores theoretical foundations, 
practical applications, and numerical approaches 
using Polymath for analysis.



Selectivity in Multiple 
Reactions
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Semibatch Reactors

• Semibatch reactors can be very effective in 
maximizing selectivity in liquid phase reactions.

• The reactant that starts in the reactor is always
the limiting reactant.
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Semibatch reactors

  A + B → C + D

Semibatch Reactors
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Semibatch Reactors
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Semibatch Reactors
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1) Mole Balance on Species A:
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Semibatch Reactors
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1) Mole Balance on Species B:
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Semibatch Reactors
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1) Mass and Mole Balance Summary



2) Rate Laws ( ) BAA CkCr =   6

3) Stoichiometry
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Semibatch Reactors
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Semibatch Reactors
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Semibatch Reactors
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Everything is the same as for the irreversible case, except 
for the rate law:

Consider the following reaction: 

Equilibrium Conversion in Semibatch 
Reactors with Reversible Reactions
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A+B
⎯ → ⎯ 
 ⎯ ⎯ C+D



Equilibrium Conversion in Semibatch 
Reactors with Reversible Reactions
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Example 1:Semibatch Reactors
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Sodium Bicarbonate + Ethylene Chlorohydrin → Ethylene Glycol + NaCl + CO2

NaCHO3 + CH2OHCH2Cl → (CH2OH)2 + NaCl + CO2 
 

A + B → C + D + CO2 
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Semibatch Reactors in terms of Moles
A + B  →  C + D + CO2
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Example 1:Semibatch Reactors
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Rest of the Polymath Statements

Similar to Concentration Program

Rate Laws



Semibatch: Moles, Na, Nb, etc. 
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P6-6 Semibatch: Concentrations CA, CB, CC 
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Three Forms of the Mole Balances applied to Semibatch Reactors:
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Semibatch Reactors



Consider the following elementary reaction:

A+B → C+D

-rA=kCACB

The combined Mole Balance, Rate Law, and
Stoichiometry may be written in terms of number
of moles, conversion, and/or concentration:
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Conversion Concentration No. of Moles
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Semibatch Reactors



Polymath Equations
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Are you ready?



Summary
• In this lecture, we discussed:

• - The unique features and applications of semibatch
reactors.

• - How to maximize selectivity in multiple reactions.

• - Key concepts: mole balances, rate laws, and 
stoichiometry.

• - Numerical approaches for analyzing semibatch reactor 
performance.

• Semibatch reactors are versatile tools in chemical 
engineering, enabling precise control over reaction 
dynamics for optimized outcomes.
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