
13. Models of catalytic reactors

Model equations involve:

• Balance equations for components of reaction mixture in both gas phase 

and porous catalytical particle

• Balance of energy (enthalpy)

• Balance of momentum

• Flux constitutive equations for component and energy fluxes



Pseudo homogeneous Heterogeneous

1-D • withou axial dispersion 
(pure plug flow)
• with axial dispersion

Gradients of concentration 
and temperature between 
phases

2-D Radial dispersion



1-D pseudo homogeneous model without axial dispersion

We make the following assumptions: 

1. Particles of catalyst are small compared to the length of reactor

2. Plug flow in the bed, no radial profiles

3. Neglect axial dispersion in the bed

4. Neglect concentration and temperature gradients in solid catalyst 

5. Neglect concentration and temperature gradients in external fluid film

6. Steady state
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In the fluid phase, we track the molar flows of all species, the temperature and 

the pressure. Generally, we can no longer neglect the pressure drop in the tube 

because of the catalyst bed – Ergun equation.
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f - fluid dynamic viscosity (Pa.s)

f - fluid density (kg/m3)

- superficial fluid mean velocity (m/s)

b - bed porosity (-)

dp- catalyst particle diameter (m)

b – bed apparent density (kg/m3)

SR – (empty) reactor cross section area (m2) 

v
o

f

Numerical solution 

gives ( ), ( ), ( )
i

F z T z P z



Example

Consider the oxidation of CO and C3H6 in a catalytic converter

containing spherical catalyst pellets with particle radius 0.175 cm (0.05

mass % Pt on Al2O3). The initial composition of gas mixture is 2 % mol

CO, 3 % O2, 0.05 % C3H6 + N2, total initial molar flow rate is between

0.1 – 2.0 mol/s. Converter has the diameter 10 cm and volume 4.3

litres. Bed porosity is 0.4 and catalyst bed density is 1100 kg/m3. The

reactions of interest are
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Data from http://webbook.nist.gov/chemistry/:
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Numerical integration done by SIRK42E

Discussion: internal x external mass and heat transfer 



Ammonia synthesis catalytic reactor

Solid wall

Heat flux

Reaction mixture Feed mixture
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1-D pseudo homogeneous model with axial dispersion

Boundary conditions

Dimensionless form



2-D pseudo homogeneous model with axial and radial dispersion

Balance element of volume



Balance equations

Boundary and initial conditions



Fluidized bed catalytic reactor
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