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http://www.engin.umich.edu/~cre/ 

Materials on the Web and CDROM 

Text Book 

Fogler, The Elements of Chemical Reaction Engineering, 3rd or 4th ed.,Upper 

Saddle River, NJ, Prentice Hall, 2006 
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 Chemical kinetics is the study of chemical reaction rates and reaction mechanisms.  

 The study of chemical reaction engineering (CRE) combines the study of chemical 

kinetics with the reactors in which the reactions occur.  

 Chemical kinetics and reactor design are at the heart of producing almost all 

industrial chemicals. 

 The Chemical Reaction Engineering (CRE) principles learned here can also he 

applied in areas such as waste treatment, microelectronics, nanoparticles and living 

systems in addition to the more traditional areas of the manufacture of chemicals 

and pharmaceuticals 

Introduction 
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Introduction 
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• A chemical species is said to have reacted when it has lost its chemical 

identity. 

• The identity of a chemical species is determined by the kind, number, and 

configuration of that species’ atoms. 

• A chemical species is said to have reacted when it has lost its chemical 

identity. 

 

Chemical Identity 

1. Decomposition 

2. Combination  

3. Isomerization  

 Two isomers display different chemical and physical properties 
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Reaction Rate 
 The reaction rate is the rate at which a species looses its chemical identity per unit 

volume. 

 The rate of a reaction (mol/dm3/s) can be expressed as either 

    the rate of Disappearance:       -rA  

                                or as 

    the rate of Formation (Generation):  rA  

 Consider the isomerization    AB 

rA = the rate of formation of species A per unit volume  

-rA = the rate of a disappearance of species A per unit volume  

rB = the rate of formation of species B per unit volume  
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Reaction Rate 
 The rate of reaction tells us how fast a number of moles of one chemical species are 

being consumed to form another chemical species. 

 It is assumed that the total mass is neither created nor destroyed when a chemical 

reaction occurs. 

EXAMPLE: AB 

 If Species B is being formed at a rate of  

0.2 moles per decimeter cubed per second, i.e.,  

 

rB = 0.2 mole/dm3/s 
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• EXAMPLE:  AB 

                               

rB = 0.2 mole/dm3/s 

 

Then A is disappearing at the same rate: 

 

-rA= 0.2 mole/dm3/s 

 

The rate of formation (generation of A) is 

  

rA= -0.2 mole/dm3/s 

 

 

 

 

Reaction Rate 
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Reaction Rate 
EXAMPLE:  
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Reaction Rate 
• For a catalytic reaction, we refer to -rA',  

   which is the rate of disappearance of species A on a per mass of catalyst basis 
(mol/gcat/s) 

NOTE: dCA/dt is not the rate of reaction  

Consider species j:  

 

 

 rj is the rate of formation of species j per unit volume [e.g. mol/dm3/s]  

 rj is a function of concentration, temperature, pressure, and the type of catalyst (if 

any)  

 rj is independent of the type of reaction system (batch, plug flow, etc.)  

 rj is an algebraic equation, not a differential equation  

 

 

 It is simply a mole balance that is only valid for a constant volume batch 

system 
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Reaction Rate 
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General Mole Balance 
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General Mole Balance 
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 If the rate of formation of species j for the reaction varies with the position in the 

system volume 

General Mole Balance 
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General Mole Balance 

 If the total system volume is divided into M subvolumes, the total rate of generation is 
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General Mole Balance 
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Batch Reactor Mole Balance 
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Batch Reactor Mole Balance 
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Batch Reactor Mole Balance 
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CSTR Mole Balance 

 At steady state 

 also 

Why? 
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CSTR Mole Balance 
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Plug Flow Reactor  
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Plug Flow Reactor  
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Plug Flow Reactor  
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Plug Flow Reactor  

 This is the volume necessary to reduce the entering molar flow rate (mol/s) from FA0 

to the exit molar flow rate of FA. 



Chemical Engineering Department | University of Jordan | Amman 11942, Jordan 

Tel. +962 6 535 5000 | 22888  

27 

Plug Flow Reactor  
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Packed Bed Reactor Mole Balance 
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Packed Bed Reactor Mole Balance 
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Reactor Mole Balance Summary 
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