
Assist. Prof. Dr. Hamed Al-Falalahi                Basic Principles and Calculations in Chemical Engineering  

 

 Al Anbar University                                                                 Chem. & Petro. Engineering Department 

 

 

122 

Lecture Fourteen  

(MATERIAL BALANCES FOR PROCESSES INVOLVING RECYCLE WITH CHEMICAL 
REACTION) 

  

In this Lecture we discuss material balances involving recycle with chemical reaction. Recycle, is 

commonly used in the design of chemical processes around the reaction units such as bioreactors as well 

as catalytic reactors. 

14.1 Recycle with Chemical Reaction 

14.1.1 Overall fraction conversion 

14.1.2 Single - pass fraction conversion 

Your Objectives in Studying this Lecture are: 

 Draw a flow diagram or sketch for problems involving recycle. 

 Apply the 10-step strategy to solve steady-state problems (with and without chemical reaction) 

involving recycle stream. 

 Solve problems involving a modest number of interconnected units by making appropriate balances. 

 Use the concepts of extent of reaction, overall conversion, and single-pass (once-through) 

conversion in solving recycle problems involving reactors. 

 

14.1 Recycle with Chemical Reaction 

The most common application of recycle for systems involving chemical reaction is the recycle of 

reactants, an application that is used to increase the overall   conversion in a reactor. 

If we take a simple example for the reaction 

 

From the data in Figure.14.1 you can see that the steady-state material balances for the mixer, reactor, 

and separator are satisfied. 

 

Figure.14.1: A simple recycle system with chemical reaction. 
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If you calculate the extent of reaction for the overall process in Figure.14.1based on B 

 

                                                   

If you use material balances to calculate the output P of the reactor (on the basis of 1 second) you get 

A = 900 g mol 

B = 100 g mol 

 

and the extent of reaction based on B for the reactor by itself as the system is 

 

 

In general, the extent of reaction is the same regardless of whether an overall material balance is 

used or a material balance for the reactor is used. This   important fact can be used in solving 

material balances for recycle systems with reactions. 

 

14.1.1 Overall fraction conversion 
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14.1.2 Single - pass fraction conversion 
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The overall conversion depends only on what enters and leaves the overall process, while the single-

pass conversion depends on what enters and leaves the reactor. 

The overall conversion is 100% 

 

 

and the single-pass conversion is 10% 
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When the fresh feed consists of more than one reactant, the conversion can be  expressed for a single 

component, usually the limiting reactant, or the most important (expensive) reactant. 

 

The overall conversion and the single-pass conversion can be expressed in terms of the extent of 

reaction, ξ 

 

 

                                                                    (14-3) 

 

                                                                    (14-4) 

 

If you solve Equations (3) and (4) for the extent of reaction, equate the extents, and use a balance at the 

mixing point  you can obtain the following relationship between  

overall and single-pass conversion: 

 

                                                  (14-5) 

 

EXAMPLE -14-1 Recycle in a Process in Which a Reaction Occurs 

Cyclohexane (C6H12) can be made by the reaction of benzene (Bz) (C6H6) with hydrogen according to the 

following reaction: 

 

For the process shown in Figure E14.1, determine the ratio of the recycle stream to the fresh feed stream 

if the overall conversion of benzene is 95%, and the single-pass conversion is 20%. Assume that 20% 

excess hydrogen is used in the fresh feed, and that the composition of the recycle stream is 22.74 mol % 

benzene and 78.26 mol % hydrogen. 
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Solution: 

 

Figure.E14.1: A Schematic of recycle reactor. 
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EXAMPLE -14.2 Recycle in a Process with a Reaction Occurring 

Immobilized glucose isomerase is used as a catalyst in producing frutose from glucose in a fixed-bed 

reactor (water is the solvent). For the system shown in Figure E14.2 (a), what percent conversion of 

glucose results on one pass through the reactor when the ratio of the exit stream to the recycle stream in 

mass units is equal to 8.33? The reaction is 

 

 

Figure.E14.2 (a): A Schematic of recycle reactor 
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Solution: 
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Lecture Fourteen / Tutorials 
 

(MATERIAL BALANCES FOR PROCESSES INVOLVING RECYCLE WITH CHEMICAL 
REACTION) 

Recycle with chemical reaction 

P.14.1 If the components in the feed to a process appear in stoichiometric quantities and the sub-

sequent separation process is complete so that all of the unreacted reactants are recycled, what is 

the ratio for reactants in the recycle stream? 

  

P.14.2 Answer the following questions true or false: 

a. The general material balance applies for processes that involve recycle with reaction as it does for 

other processes. 

b. The key extra piece of information in material balances on processes with recycle in which a 

reaction takes place is the specification of the fraction conversion or extent of reaction.  

c. The degrees of freedom for a process with recycle that involves chemical reaction are the same as 

for a process without recycle. 

  

P.14.3   A catalytic dehydrogenation process shown in Figure.P14.3, produces 1, 3 butadiene (C4H6) 

from pure normal butane (C4H10). The product stream contains 75 mol/hr of H2 and 13 mol/hr of C4H10 as 

well as C4H6. The recycle stream is 30% (mol) C4H10 and 70% (mol) C4H6, and the flow is 24 mol/hr. 

d. What is the feed rate, F, and the product flow rate of C4H6 leaving the proc`ess? 

e. What is the single-pass conversion of butane in the process? 

 

 

Figure.P14.3 A Schematic of recycle reactor. 
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P.14.4 

 

P.14.5 

 

P.14.6 
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