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Topic 6: Heterogeneous reactions 

Ø Gas-solid catalytic reactions 
Ø Gas-solid noncatalytic reactions 
Ø Gas-liquid reactions 



Heterogeneous catalysis 



Heterogeneous catalysis 



Concentration and temperature profiles 
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External transport 



Bulk/Molecular diffusion 
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Characterization of catalyst pellet 
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Transport in pore 
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Transport in pellet 
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Reaction and diffusion  A→B 
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Concentration profiles 



Effectiveness factor 



Effect of geometry 



Nonlinear kinetics 



Falsification of the kinetics 
 



Falsification of the kinetics 
 



Multiple reactions 



Nonisothermal pellet 



Nonisothermal pellet 
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External and internal energy transfer limitations 
 



Multiple steady states and hystersis 
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Gas-solid noncatalytic reactions 



Gas-solid noncatalytic reactions 



Gas-solid noncatalytic reactions 



Shrinking particle model 
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Shrinking unreacted core model 
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Burning of coke from alumina-silica catalyst 
 



Burning of coke from alumina-silica catalyst 
 



Burning of coke 
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Time required for burning of coke 



Gas-solid reaction: General Model – f = 1 
 



Gas-solid reaction: General Model – f = 70 
 



Gas-liquid reactions 

Ø   gas purification processes 
q  CO2 removal from synthesis gas by aqueous 

solution of hot potassium carbonate, 
ethanolamines 

q  Removal of H2S by ethanolamines or sodium 
hydroxide 

Ø   production processes 
q  Air oxidation of aldehydes to acids 
q  Oxidation of cyclohexane to adipic acid 
q   chlorination of benzene 
q  Nitric acid, sulphuric acid 



Examples 



Two-film model 

Gas Liquid 

Boundarylayers 
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• masstransfer 
localised in 
surfacefilms 

• CAi&pAi 
  at equilibrium 
 

• continuity of 
interfacial 
flux 
 

•  no reaction 
const. slope 
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Moderate reaction 
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A(g)  +  B(aq)  C(aq) 

R
ea

ct
io

n 
fr

on
t 

L 

R 



Instantaneous reaction 
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Reaction front = 
Phase interface 
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