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Types of Reactions 

Parallel reactions 

Are reactions where the reactant is consumed by two different reaction pathways to form  

different products 
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Series reactions 

Types of Reactions 

Are reactions where the reactant forms an intermediate product, which reacts further to form 

another product 
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Types of Reactions 

Complex reactions 

Are multiple reactions that involve a combination of both series and parallel reaction 

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

Tel. +962 6 535 5000 | 22888  

6 

Independent reactions 

Types of Reactions 

Are reactions that occur at the same time but neither  products nor reactants react with themselves 

or one another 

crude oil 
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Desired and Undesired Reactions 

Types of Reactions 

 Of particular interest are reactants that are consumed in the formation of a desired product, D, 

and the formation of an undesired product, U, in a competing or side reaction.  

In the parallel reaction sequence 

 

 

 

Or in the series sequence 

 In such reactions, the target is to minimize the formation of U and maximize the formation of 

D. 
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 Tells us how one product is favored over 

another when we have multiple reactions. 

 The instantaneous selectivity of D with 

respect to U 

 SD/U is an important parameter for the design 

and selection of our reaction system to 

maximize the selectivity. 

Selectivity 

 In terms of the flow rates leaving the reactor, 

overall selectivity is  
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Selectivity 

 For a batch reactor, the overall selectivity is given in terms of moles of D and U at the end of 

the reaction time 

Example 
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Example cont. 



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

Tel. +962 6 535 5000 | 22888  

11 

Reaction Yield 

 The yield at a point can be defined as the ratio of the reaction rate of a given product to the 

reaction rate of the key reactant 

 The overall yield, is defined as the ratio of moles of product formed at the end of the reaction 

to the number of moles of the key reactant 

For a batch system 

For a flow system 

 As with selectivity, the instantaneous yield and the overall yield are identical for a CSTR 
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Parallel Reactions 

In such system, targets are 

 Minimizing the undesired product, U, through the selection of reactor type and 

conditions.  

 Development of efficient reactor schemes 

 The rate of disappearance of A for this reaction sequence is the sum of the rates of formation 

of U and D: 
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Parallel Reactions 

Maximizing the Desired Product for One Reactant 
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 To make this ratio as large as possible. we want to carry out the reaction in a manner that will 

keep the concentration of reactant A as high as possible, during the reaction.  

o If the reaction is carried out in the gas phase run it without inserts and at high pressures.  

o If the reaction is in the liquid phase, the use of diluents should be kept to a minimum 

o A batch or plug-flow reactor should be used in this case because, in these two reactors, the 

concentration of A starts at a high value and drops progressively during the course of the 

reaction.  

o In a CSTR, the concentration of reactant within the reactor is always at its lowest value 

Parallel Reactions 
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Parallel Reactions 

o Diluting the feed with inserts and running the reactor at low concentration of A 

o A CSTR should be used because the concentrations of reactants are maintained at a low 

level 

o A recycle reactor in which the product stream acts as a diluent could be used to maintain 

the entering concentrations of A at a low value. 
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Parallel Reactions 

o In this case the specific reaction rate of the desired reaction kD (and therefore the overall 

rate rD) increases more rapidly with increasing temperature than does the specific rate of the 

undesired reaction kU. 

o Consequently, the reaction system should be operated at the highest possible temperature to 

maximize 

 In this case the reaction should be carried out at a low temperature to maximize 

but not so low that the desired reaction does not proceed to any significant extent 
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Example 
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Example Cont. 



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

Tel. +962 6 535 5000 | 22888  

19 

 Because the concentration changes down the length of a PFR, we cannot operate at this 

maximum.  

 Consequently. we will use a CSTR and design it to operate at this maximum. 

Example Cont. 
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Reactor Selection and Operating Conditions 

 Considering the two simultaneous reactions 

 Reactor Selection Criteria are: Selectivity, Yield, Temperature, control, Safety and Cost 
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where a and b are positive constants 

Reactor Selection and Operating Conditions 
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Reactor Selection and Operating Conditions 

where a and b are positive constants 

Make the concentration of A high and the concentration of B low, thus use 

i. A semi-batch reactor in which B is fed slowly into a 

large amount of A 
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ii. A membrane reactor or a tubular reactor with side streams of B continuously fed to the 

reactor 

Reactor Selection and Operating Conditions 

iii. A series of small CSTRs with A fed 

only to the first reactor and small 

amounts of B fed to each reactor. In 

this way B is mostly consumed before 

the CSTR exit stream flows into the 

next reactor 

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

Tel. +962 6 535 5000 | 22888  

32 

Reactor Selection and Operating Conditions 

where a and b are positive constants 

i. A CSTR 
ii. A tubular reactor in which there 

is a large recycle ratio 
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Reactor Selection and Operating Conditions 
iii. A feed diluted with inserts iv. Low pressure (if gas phase) 

i. A semi-batch reactor with A slowly fed to a 

large amount of B 
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ii. A membrane reactor or a tubular reactor with side streams of A 

Reactor Selection and Operating Conditions 

iii. A series of small CSTRs with fresh A fed to each reactor 

A 
B 
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Series Reactions 
 For series of consecutive reactions, the most important variable is time: space-time: for a flow 

reactor and real-time for a batch reactor 

Assuming species B is the desired product 

 If the first reaction is slow and the second reaction is Fast, it will be extremely difficult to 

produce species B.  

 If the first reaction (formation of B) is fast and the reaction to form C is slow, a large yield of 
B can be achieved. 

 If the reaction is allowed to proceed for a long time in a batch reactor, or if the tubular reactor 

is too long, the desired product B will be converted to the undesired product C. 
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Example 
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Example Cont. 

Or 
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Net Rates of Reaction 

 To sum up the rates of formation for each reaction in order to obtain the net rate of formation 
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Net Rates of Reaction 
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Net Rates of Reaction 
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Stoichiometry: Relative Rates of Reaction 

 For the reaction 

 In working with multiple reactions, it is usually more advantageous to relate the rates of 
formation of each species to one another 
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Stoichiometry: Relative Rates of Reaction 
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Stoichiometry: Relative Rates of Reaction 
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Stoichiometry: Net Rates of Reaction 

 For the reactions 
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Stoichiometry: Concentrations 
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Example 

in 

Multiple Reactions in a PFR/PBR 
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Multiple Reactions in a CSTR 
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Multiple Reactions in a CSTR 
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