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Resources and references

• Notes from lectures

• Internet

web.vscht.cz/bernauem/

• Textbooks

Fogler Scott H.: Elements of Chemical Reaction Engineering, 4th Edition, Prentice 

Hall, 2006. (http://www.engin.umich.edu/~cre/)

Missen R.W., Mims C.A., Saville B.A., Introduction to Chemical Reaction 

Engineering and Kinetics, J. Wiley&Sons, N.Y. 1999.

• Journals (on-line)

• Software 

MS Excel, (Matlab, Octave, Athena Visual Studio, FORTRAN,

Maple….) 

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


Chemical reactor(s)  heart of 

chemical process

Raw material separation  reaction  separation  product 

Fischer-Tropsch (SASOL, RSA ) WGS (BASF, FRG)

Methane aromatization (ICTP, CZ)

N2O decomposition (IPC AS, CZ)
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Summary of the 1st lecture

• Stoichiometry
• Extent of reaction
• Fractional conversion of key component
• Stoichiometric matrix
• Balance of chemical elements
• Selectivity, Yield
• Reaction rate definition



2NO  N2 +  O2 closed (batch) system

Stoichiometry
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-2NO + O2 + N2 = 0
Symbols for species NO = A1 O2 = A2 N2 = A3

Stoichiometric coefficients 1 = -2 2 = 1 3 = 1
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Molar extent of the reaction  [ksi:] 
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From the definition of the reaction extent follows:

1. The reaction extent has the dimension of moles (number of molecules)

2. The reaction extent value depends on stoichiometry of reaction

3. The reaction extent is an extensive variable



t = 0 t > 0

Reaction extent for a single reaction in closed (batch) system 
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Example

2NO  N2 +  O2
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Fractional conversion of key component, j
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Stoichiometric matrix in the case of several reactions
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Problem 1.1

Oxidation of ammonia on Pt-Rh catalyst 

NH3 + 1.25 O2  NO + 1.5H2O (1)

NH3 + O2  0.5 N2O + 1.5H2O (2)

NH3 + 0.75O2  0.5 N2 + 1.5H2O (3)

Task: To write down the stoichiometric matrix.

A1 A2 A3 A4 A5 A6

Reaction NH3 O2 NO N2O N2 H2O

(1) -1 -1.25 1 0 0 1.5

(2) -1 -1 0 0.5 0 1.5

(3) -1 -0.75 0 0 0.5 1.5



Molar balance table of component in closed (batch) system

Component t = 0 t  > 0 
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Independent  reactions

Set of NR reactions in reaction network is independent if   

Rank()=NR

or

number of independent  reactions = Rank()



Problem 1.2

NH3 + 1.25 O2  NO + 1.5H2O (1)

NH3 + O2  0.5 N2O + 1.5H2O (2)

NH3 + 0.75O2  0.5 N2 + 1.5H2O (3)

2NO                 N2 + O2 (4)

Task: To calculate the number of independent reactions.

We determine the rank of stoichiometric matrix by Gaussian elimination:

1 1.25 1 0 0 1.5 1 1.25 1 0 0 1.5

1 1 0 0.5 0 1.5 0 0.25 1 0.5 0 0

1 0.75 0 0 0.5 1.5 0 0.5 1 0 0.5 0

0 1 2 0 1 0 0 1 2 0 1 0
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Extent of the reaction in a flow system
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A reaction is at steady-state if the concentration of all species in each

element of the reaction space (i.e. volume in the case of homogeneous

reaction or surface of catalyst in the case of catalytic heterogeneous

reaction) does not change in time.



Balance of chemical elements
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Formula matrix E

N components 

N=6

N H O

NH3 1 3 0
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Molar* weight (relative molecular mass) of i-th species:
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entities as there are atoms in 0.012 kilogram of carbon 12. 

Avogadro constant = 6.022 141 29(27) × 1023 mol−1 (http://www.nist.gov)

http://www.nist.gov/


Balances  of atoms in batch and flow systems
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Problem 1.3

Selective reduction of NOx by C3H8

NO NO2 CO C3H8 CO2 H2O O2 N2
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We obtain using Excel (homework 1)

NO NO2 CO C3H8 CO2 H2O O2 N2

4.563 0.1845 0 2.943 0 0 90 0

2.2905 2.3355 0 2.898 0.135 0.18 88.76 0.061
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Selectivity
Moles of a particular product generated per mole of key reactant consumed

Yield
Moles of a particular product generated per one initial mole of key reactant

Component t = 0 t  > 0 
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Ammonia oxidation
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Reaction rate

(IUPAC Gold Book = rate of conversion )
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      O bjective function    

m inim ization of  =  least squares solutio n of overdefined system  (N >N R )
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We measure usually the rates of generation (consumption) of 

components R and we want to calculate r

Problem 1.4

Steam reforming of methane (5 species, N=5, 2 reactions, NR=2)

1        2          3        4

CH4 + H2O  CO + 3H2 (1)

5

CO  + H2O  CO2 +  H2 (2)

Measured R : (-0.97572, -2.88778, -1.02127, 4.832804, 2.078537)T   (mol/s)
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Specific reaction rate

The reaction rate        is, like    , an extensive property of the system,  a specific rate (intensive 
property)  is obtained by dividing       by  the total volume, mass, surface of the system:   
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Rule 1: The rate function r at constant temperature generally 

decreases in monotonic fashion with time (or extent or conversion).

Rule 2:  The rate of irreversible reaction can be written as
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Rule 3:  The rate constant k depends on temperature (Svante 

Arrhenius, 1889):
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Rule 4:  The function g is independent of temperature:
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Rule 5:  When a reaction is reversible:
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Problem 1.5 (homework 2) 

In flow catalytic reactor the synthesis of methanol is carried out

CO(g) + 2H2(g)  CH3OH(g)

The inlet mass flow rate of CO is 1000 kg.h-1 of CO and the inlet flow rate of 

hydrogen is supplied so that the inlet molar ratio H2:CO is equal to 2:1. 1200 kg of 

the catalyst is placed in the reactor.

The outlet mass flow of CO is 860 kg.h-1.

To determine:

1. Mean reaction rate per mass of catalyst in mol.kg-1.s-1 .

2. If specific internal surface of catalyst is 55 m2.g-1, calculate mean reaction rate 

per surface of catalyst in mol.m-2.s-1.

3. If per 1 m2 of catalyst contains 1019 active sites, calculate mean reaction rate 

per active site in s-1.

4. Calculate inlet and outlet gas mixture composition in molar fractions.

Data:

MCO= 28.010 kg.kmol-1

NA=6.0221413x1023 mol-1 (Avogadro number)  



1 2 2 3 3

1

, ,

1 1

2 , 2

1 1

, ,

NR

o o

i i ki k i i i

k

o o o

i i i i i i

M S RS

CAT i CAT i RS i RS

CO A H A CH O H A

r

F F F F

F F F F F F
r r r

m m S S n n

   

  

  



  

    
   

   
   
   
   

     

  
     



ν R

inlet outlet

1-CO

2-H2

3-CH3OH



1

o
F

1
2

o
F

0

1
3

o o
F F

o

i
y

1

1

1

1

3 3

o

o

o

F
y

F
 

1

2

1

2 2

3 3

o

o

o

F
y

F
 

0

 1 1
1

o
F F   

 2 2
2

o
F F   

 3 3
1

o
F F   

1  2
o

F F   

i
y

 

 

1

1

1

1

3 2

o

o

F
y

F





 


 

 

 

1

2

1

2 2

3 2

o

o

F
y

F





 


 

 
3

1
3 2

o
y

F






 

1

 1 1 1
1

o
F F X 

1

1 1 1

1 1

Fractional conversion of key com ponent

1 key com ponent

/

o o

o oi i i

i i

M AX i

F F F
X F F F X



   



    
       

  

2 1 1 1
2 2

o o
F F F X 

3 1 1

o
F F X

1 1 1
3 2

o o
F F F X 

  1

3 1 1 8 2 1

3

23

3 1

3 19

860 1000 / 0.02801 / 3600
1, 1.38839  m ol.s

1

1.38839 1.38839
1.157 10  m ol.kg . ,   2 .104 10 m ol.m .

1200 55 10 1200

1.38839 6.0221413 10
1.267 10  s

55 10 1200 10

M S

RS

i

r s r s

r




     

 


  



     
 

 
  

  



inlet outlet

1-CO

2-H2

3-CH3OH



o

i
y

1

1

1

1

3 3

o

o

o

F
y

F
 

1

2

1

2 2

3 3

o

o

o

F
y

F
 

0

1

 1 1 1

1

1 1 1 1

1 1
0.3162

3 2 3 2

o

o o

F X X
y

F F X X

 
  

 

 
1

1000 860
0.14

1000
X


 

 11 1 1

2

1 1 1 1

2 12 2
0.6324

3 2 3 2

o o

o o

XF F X
y

F F X X


  

 

i
y

1 1 1

3

1 1 1 1

0.05147
3 2 3 2

o

o o

F X X
y

F F X X
  

 

1



Uveřejněné materiály jsou určeny studentům Vysoké školy chemicko-

technologické v Praze

jako studijní materiál. Některá textová i obrazová data v nich obsažená 

jsou převzata

z veřejných zdrojů. V případě nedostatečných citací nebylo cílem 

autora/ů záměrně poškodit event. autora/y původního díla. 

S eventuálními výhradami se prosím obracejte na autora/y  konkrétního 

výukového materiálu, aby

bylo možné zjednat nápravu.

The published materials are intended for students of the University of 

Chemistry and Technology, Prague as a study material. Some text and 

image data contained therein are taken from public sources. In the case 

of insufficient quotations, the author's intention was not to intentionally 

infringe the possible author(s) rights to the original work.

If you have any reservations, please contact the author(s) of the specific 

teaching material in order to remedy the situation.


