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-Catalysis 

(1) Homogeneous catalysis

(2) Heterogeneous catalysis

(3) Enzymatic reaction

-Definition: substances which alter the rate of a reaction, and are 

recoverable, essentially unchanged, after the reaction. They do not 

contribute energy to the reaction, nor initiate reactions, nor change the 

equilibrium point of reversible reactions

-Function: they do accelerate the reaction and may direct the course of the 

reaction be selectivity. Small amounts of catalysts are able to transform 

large amounts reacting substances by virtue of their self-regeneration

Catalysis





-Chemical industry: transformation of carbon containing molecules Ÿ all 

derived from petroleum. Benzene, toluene, xylene, ethylene, propylene, 

1,3-butadiene, methanol 

-Table 6.1: refinery of petroleum and the production of petrochemicals are 

not possible without the use of catalysis

-Heterogeneous reactions occur at the g/l, l/s interface Ÿ maximum 

surface area in order to maximize the number of reactive sites: dispersionŷ 

by decreasing size

e.g., spherical particles: radius r, mass m, density ɟ, composed of N 

spherical atoms

Heterogeneous reactions



Heterogeneous 

reactions





Measurement of surface kinetics & reaction mechanism

TPRS (temperature programmed reaction spectrometry)



Haber-Bosch process

Ammonia: nitrogen fertilizers, nitrogen-containing chemicals, 

hydrogen storage

Ÿ the production of ammonia consumes more than 3 x 1017 J which 

represents >1% of global energy consumption

NſN bond is so strong Ÿ N2is practically inert Ÿ catalyst needed

Ÿ Haber-Bosch process: breaking NſN triple bond 

N2 dissociation is the rate-determining step in ammonia synthesis
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Fischer-Tropsch synthesis and related chemistry

-Fischer-Tropsch(FT) synthesis: the production of hydrocarbons and 

oxygenated hydrocarbon from synthesis gas(or syngas, a mixture of CO + 

H2)

-Closely related reaction with FT: methanation reaction (CH4), methanol 

synthesis, Mobil process (convert methanol into transportation fuels)

-Syngas is produced from oil, natural gas, shale gas, coal or other 

carbonaceous mineralogical deposits by steam reforming. Carbon can 

also be supplied in a renewable form by the use of biomass 



-steam reforming: the reaction of hydrocarbons with water to form CO and 

H2

-Water gas shift reaction: the reaction of water gas(CO + H2O) to form CO2

and H2

-Methanol process




