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Lecture Eleven 

(MATERIAL BALANCES FOR PROCESSES INVOLVING REACTION BY ELEMENT MATERIAL BALANCES) 

This Lecture discusses material balances for reacting systems. We begin by discussing material 
balances based on chemical elements.  

11.1 Element Material Balances  

10.1.1 Processes Involving Multiple Reactions 

Your Objectives in Studying this Lecture are : 

• Carry out a degree of freedom analysis for processes involving chemical reaction(s). 
• Formulate and solve material balances using species balances. 
 

11.1 Element Material Balances  

As you know, elements in a process are conserved, and consequently you can apply Equation (1) to the 
elements in a process. Because elements are not generated or consumed, the generation and 
consumption terms in Equation (1) can be ignored. Why not use element balances to solve material 
balance problems rather than species balances? 
You can, but you must first make sure that the element balances are independent. Species balances are 
always independent. 
 

EXAMPLE 11.1:  Here is an illustration of the issue. Carbon dioxide is absorbed in water in the 
process shown in Figure11.1. The reaction is; 

CO2(g) + H2O(ℓ) -» H2CO3(ℓ) 

 

Figure E11.1:  Schematic of the CO2
 absorber. 
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Solution: 
Three unknowns exist: W, F, and P, and the process involves three elements: C, H, and O. It would appear that 
you can use the three element balances (in moles) 
C: W(0) + F(l) = 0.05P(1) 
H: W(2) + F(0) = [0.05(2) + 0.95(2)] P = 2P 
O: W(1) + F(2) = [0.05(3) + 0.95(l)] P = 1.10P 
 
EXAMPLE 11.2: Use of Element Balances to Solve a Hydrocracking Problem 

Figure E11.2:    Laboratory hydrocracker reactor. 
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Lecture Eleven / Tutorials 

(MATERIAL BALANCES FOR PROCESSES INVOLVING REACTION by Element MATERIAL BALANCES) 

 
PROBLEM: Solution EXAMPLE 10.2 by Using Element Balances 

 
P.11.1 Reaction in Which the Fraction Conversion is Specified  

The chlorination of methane occurs by the following reaction 

Cl + HCl3CH                            2+ Cl 4CH 

You are asked to determine the product composition if the conversion of the limiting reactant is 67%, and 
the feed composition in mole % is given as: 40% CH4, 50 % C12, and 10 % N2. 

 
Solution: 
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PROBLEM: Solution EXAMPLE 10.3 by Using Element Balances 
P.11.2 Reaction Material Balances for a Process in Which Two Simultaneous Reaction Occur 

 

 
Solution: 
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