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Objectives

Define conversion and space time. 

Write the mole balances in terms of conversion for a 
batch reactor, CSTR, PFR, and PBR. 

Size reactors either alone or in series once given the 
molar flow rate of A, and the rate of reaction, - rA, as a 
function of conversion, X. 
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Reactor Mole Balance 
Summary
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Conversion
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Conversion

X = moles reacted
moles fed
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Conversion

X = moles reacted
moles fed

For irreversible reaction, the maximum value of X is that for complete 
conversion, i.e. X=1.0

For reversible reactions, the maximum value of X is the equilibrium 
conversion, i.e. X=Xe
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Batch Reactor Conversion
For example, let’s examine a batch reactor with the following design 
equation:

dN A
dt = rAV
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Batch Reactor Conversion
For example, let’s examine a batch reactor with the following design 
equation:

Consider the reaction:

dN A
dt = rAV

moles remaining = moles fed - moles fed •  moles reacted
moles fed
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Batch Reactor Conversion
For example, let’s examine a batch reactor with the following design 
equation:

Consider the reaction:

dN A
dt = rAV

Differential Form:

Integral Form:

moles remaining = moles fed - moles fed •  moles reacted
moles fed
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CSTR Conversion

Algebraic Form:

There is no differential or integral form for a CSTR.
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PFR Conversion
PFR

dFA
dV = rA

FA = FA0 1− X( )
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PFR Conversion

PFR
dFA
dV = rA
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CHE 402- Dr. Eid Al-Mutairi

PFR Conversion

PFR
dFA
dV = rA

FA = FA0 1− X( )

Differential Form:

Integral Form:
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Design Equations
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Design Equations
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Design Equations
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Design Equations
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Design Equations
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