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At the end of this week’s lecture, students 
should be able to:
 Understand the essentials of reactor design.

 Differentiate  between a batch, steady-state flow 
and unsteady state flow reactors

 Know the symbols and relationships between CA

and XA
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 The focus of reactor design are
 Knowing the size of the reactor, and 

 The type of reactor and 

 The best method of operation. 

 Factors of importance in reactor design include:
 The reacting conditions in the reactor

 The time taken for the reaction to occur

 The temperature, 

 The composition of the reacting fluid

 The thermal character of the reaction, either endothermic or 
exothermic, the rate of heat addition or removal from the system, 
and

 The flow pattern of fluid through the vessel. 

 All these factors must be accounted for in predicting the 
performance of a reactor

3

CHE 416 – CHEMICAL REACTION ENGINEERING II

Department of Chemical Engineering, LMU



 To arrive at a well fitted design:
 we must be able to predict the response of the reacting system to 

changes in operating conditions (i.e. how rates and equilibrium 
conversion change with temperature and pressure), 

 we must be able to compare yields for alternative designs 
(adiabatic versus isothermal operations, single versus multiple 
reactor units, flow versus batch system), and 

 we must be able to estimate the economics of the various 
alternatives. 
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 The batch reactor is 
 is used for small-scale experimental 

studies on reaction kinetics

 used industrially when relatively small 
amounts of material are to be treated. 

 needs little supporting equipment

 An ideal reactor

 The steady-state flow reactor is 
 used industrially when large quantities of 

material are to be processed 

 used when the rate of reaction is fairly 
high to extremely high

 extremely good product quality control 
can be obtained

 supporting equipment needs are great

 widely used in the oil industry. 
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 The semi-batch reactor
 is a flexible system but is more difficult to 

analyze than the other reactor types

 It offers good control of reaction speed 
because the reaction proceeds as 
reactants are added

 Such reactors are used in a variety of 
applications from the calorimetric 
titrations in the laboratory to the large 
open hearth furnaces for steel 
production.
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Comparison of Types of Chemical Reactors
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 In any design process, the first thing to do is to carry out material 
and energy balances over the equipment to be designed.

 For the material balance, consider an element of volume of the 
reactor,

 The material balance for any reactant (or product) can be 
expressed as
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 For constant composition within the reactor (i.e. independent of 
position), 

 the accounting is made over the whole reactor (synonymous to 
integral method). 

 For variable composition, 

 the accounting must be made over a differential element of 
volume and then integrated across the whole reactor for the 
appropriate flow and concentration conditions (i.e. combining 
both the differential and integral method of analysis). 

 For the various reactor types this material balance equation 
simplifies to the basic performance equation for that type of reactor. 

 in the batch reactor the first two terms are zero; 

 in the steady-state flow reactor the fourth term disappears; 

 in the semi-batch reactor all four terms may have to be considered.
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 In non-isothermal operations energy balances must be used in 
conjunction with material balances.

 Considering the element of volume of the reactor,

 The energy balance for any reactant (or product) is expressed as

Department of Chemical Engineering, LMU



 For a batch reactor,

While for a steady 
state flow reactor,
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 For the reaction: 

 The previous figures show that there are two related measures of 
the extent of reaction, the concentration CA and the conversion XA.

 The relationship between CA and XA depends on a number of 
factors.

 Case 1. Constant Density Batch and Flow Systems. It includes 
most liquid reactions and gas reactions run at constant temperature 
and density. Here CA and XA are related as follows:

where ƐA is the fractional volume change on complete 
conversion of A, and 
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 Case 2. Batch and Flow Systems of Gases of Changing Density 

but with T and π Constant. Here the density changes because of 
the change in number of moles during reaction. The volume of a 
fluid element changes linearly with conversion, or 

 To follow changes in the other components we have

13

CHE 416 – CHEMICAL REACTION ENGINEERING II

Department of Chemical Engineering, LMU



 Case 3. Batch and Flow Systems for Gases in General (varying 
p, T, π) which react according to

 Selecting a key reactant, A as the basis for determining the 
conversion, then for ideal gas behavior,
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 For high-pressure non-ideal gas behavior replace

where z is the compressibility factor.

 To change to another key reactant, say B, note that

 For liquids or isothermal gases with no change in pressure and 
density
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Example 1: 

Consider a feed CA0 = 100, CB0 = 200, Ci0 = 100 to a steady-flow 
reactor. The isothermal gas-phase reaction is

If CA = 40 at the reactor exit, what is CB, XA, and XB there?

SOLUTION:

 First sketch what is known

 Next recognize that this problem concerns Case 2.

 So evaluate ƐA and ƐB.
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 Remember and 

 Let’s take volumes of entering gas to be 400 

 So

 And

 Therefore, calculating for XA,
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 Calculating for XB,

 And calculating for CB,
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 Case 2. Batch and Flow Systems of Gases of Changing Density 

but with T and π Constant. Here the density changes because of 
the change in number of moles during reaction. The volume of a 
fluid element changes linearly with conversion, or 

 To follow changes in the other components we have
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