BASIC REACTOR DESIGN CONCEPTS

Elementary Reactions 

When the reaction stoichiometry is reflected in the kinetics of the reaction:

A + B ( AB 

-rA = dCA / dt = k . [A].[B] 


(1)

Non-Elementary Reactions 

When the reaction stoichiometry is NOT reflected in the kinetics of the reaction: 

A + B ( AB 

-rA = dCA / dt = k.[A]2.[B]o = k.[A]2    
(2) 

Mechanism of Reaction 

All reactions, irrespective of their overall kinetics, must be the result of one or 

more elementary reactions since, on a fundamental level, species must react on a molecular basis. 

Hence reaction (1) above is a simple one mechanism reaction - one molecule of A reacting with one molecule of B. 

How can reaction (2) above be obtained from elementary reactions??? 

Assume the following mechanism (2 reversible reactions with each reaction being elementary): 

 ki 
2A       ↔
A2 
 k2 
 k3 
A2     +
B         ↔
AB  +  A
 k4 
This is equivalent to 4 elementary reactions: 

ki 

     2A → A2  

k2 

     


     A2  → 2A
k3 

     

       A2   +  B → AB  + B
k4
    

       A  +  AB
→    A2   +  B

Now looking at individual rates: 

rAB

=   k3.[A2] . [B] -  k4.[A].[AB] 


(3)

r (A2 )

=  0.5 kl.[A]2 - k2 .[A2] - k3.[A2].[B] + k4.[A].[AB]

Assuming that r (A2*) is small (it is made and utilised rapidly and hence 

doesn't accumulate to any appreciable extent), then: 

[A2] = ((0.5kl [A]2  + k4 . [A].[AB])   /   ( k2 +  k3 [B]))  
    

 (4) 

When (4) is placed in (3): 

rAB = ((k3 [B] .(0.5 ki.[A]2 + k4.[A].[AB]) / (k2 +  k3.[B]))  - k4 [A] . [B]

Which for small values of k2 reduces to 

rAB = 0.5. ki. [A]2  which is similar to equation (2) 

