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Introduction 

 For the non-isothermal liquid phase reaction to take place in plug flow reactor 

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

Tel. +962 6 535 5000 | 22888  

4 

Introduction 

 To find a relation between X and T, then Energy balance is required 
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First Law of Thermodynamics: Closed System 
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First Law of Thermodynamics: Open System 
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First Law of Thermodynamics: Open System 

 The unsteady-state energy balance for an open well-mixed system 
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First Law of Thermodynamics: Open System 

 Flow work is work that is necessary to get the mass into and our of the system which is 
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First Law of Thermodynamics: Open System 

 Define the enthalpy as 
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First Law of Thermodynamics: Open System 

 Or 
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 For the reaction 

Heat of Reaction 
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Heat of Reaction 

Heat of reaction 
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Dissecting the Enthalpies 

the change in enthalpy, that results when the temperature is raised from the 

reference temperature, TR, to some temperature T 

enthalpy of formation of species i at some reference temperature TR 

And 
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Dissecting the Enthalpies 
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Dissecting the Enthalpies 

Where 
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Dissecting the Enthalpies 

Also 
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Dissecting the Enthalpies 
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Dissecting the Enthalpies 
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Example 
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Example Cont. 
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Adiabatic Operation 
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Adiabatic Operation 
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Example Cont. 
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Example Cont. 
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Tubular Reactor with Heat Exchange 
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Tubular Reactor with Heat Exchange 
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Tubular Reactor with Heat Exchange 
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Tubular Reactor with Heat Exchange 
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Tubular Reactor with Heat Exchange 
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Equilibrium Conversion 

 For the reversible liquid phase exothermic reaction 
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Equilibrium Conversion 
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Equilibrium Conversion 
 To determine the maximum conversion that can be achieved in an exothermic reaction carried 

out adiabatically, we find the intersection of the equilibrium conversion as a function of 

temperature with temperature-conversion relationships from the energy balance 

The energy balance line will be shifted to 

the right and will be parallel to the original 

line, as shown by the dashed line 
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Example Cont. 
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Example Cont. 
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Equilibrium Conversion 

 Higher conversions can be achieved for adiabatic operations by connecting reactors in series 

with interstage cooling 
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Equilibrium Conversion 
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Equilibrium Conversion 

Optimum Feed Temperature 

 The reaction is reversible and exothermic.  

 At one temperature extreme, using a very high feed 

temperature, the specific reaction rate will be large 

and the reaction will proceed rapidly, 

  But the equilibrium conversion will be close to zero.  

 Consequently, very little product will be formed 

Adiabatic conversion profiles for different 

feed temperatures 
Finding the optimum Feed temperature 
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CSTR with Heat Effects 

OR 

Where  For CSTR 
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CSTR with Heat Effects 
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CSTR with Heat Effects 

But 
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CSTR with Heat Effects 
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CSTR with Heat Effects 

But by 
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CSTR with Heat Effects 
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