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 قسم هندسة البوليمرات والصناعات البتروكيمياوية–كلية هندسة المواد  –جامعة بابل 



The objectives from studying of this 

subject are: 



What are material balances? 

A material balance is nothing more than the application of the law of the 

conservation of mass “ Matter is neither created nor destroyed” 

As a generic term, material balance can refer 

to a balance on a system for the: 

1- total mass 

2- total moles 

3- mass of a chemical compound 

4- mass of an atomic species 

5- moles of a chemical compound 

6- moles of an atomic spices 

7- Volume (possible) 



The general equation for the principles of the material balance applicable to 

processes both with and without chemical reaction : 
 

In put - output + generation - consumption = accumulation 

 
1- Balance on the total moles,  
In the absence of chemical reaction, the generation and consumption terms 

do not apply to a single chemical compounds  
In put – output = accumulation 

 

 with a chemical reaction present in the system, the generation and 

consumption terms do apply.  
In put - output + generation - consumption = accumulation 

 

2- Balance on the total mass, 
The generation and consumption terms are zero whether a chemical reaction 

occurs in the system or not. 
Input – output = accumulation 

 

 

 



Notes:  

(a) both mass and mole balance for elements such as C, H, or O, the generation 

and consumption are not involve in material balance (i.e. equal zero). 

 

(b) We can apply a balance on a volume when we have ideal mixing occurs and the 

densities of the streams are the same. 

 

(c) We can inferred the generation and consumption terms  from the stoichiometric 

equations   

 

(d) The accumulation term refers to a change in mass or moles (plus or minus) 

within the system with respect to time. 

 

(e) Closed system, material neither enters nor leaves the vessel, that is, no 

material crosses the system boundary.  

 

 
 
 



(f) Open (flow) system, the material cross the system boundary (i.e. add  and 

withdraw a material at certain rate) 

 

 

 

 

 

 

 

 

 

(g) In Steady state  problems the values of the variables  in the system do not 

change with time, hence the accumulation term is zero.  
 
 

 The rate of addition is equal to the rate of removal as shown in Figure above. 

 

In put - output + generation - consumption = 0 



(h) Unsteady state (or transient),  problems formulated as differential equations 

with respect to time. The rate of addition (input) not equal to the rate of withdraw 

(output) 



(I) Semi-batch process, materials enters the process its operation, but 

does not leave. Instead mass is allowed to accumulate in the process 

vessel. Product is with draw only after the process is over.   









Q / Material for a distillation column  





Q3 H.W/ 





Q4/ Material balance with chemical reaction in which the 

fraction conversion is specified 



Q5/ Material balance with chemical reaction (combustion)  



Q6/ Material balance with chemical reaction 


