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Catalzsis I

* When the reactants and catalystsare in the
same physical state i.e. catalystisin the same
phase as the reactant is called homogenous
catalysis

» A catalytic process in which the catalyst and the

reactants are in different phases is called
heterogeneous catalysis. This processis also
called contact or surface catalysis




HETEROGENEOUS CATALYSIS

In chemistry, heterogeneous catalysis

refers to the form of catalysis where Kamanus
the phase of the catalyst differs from WG
that of the reactants. Phase here '
refers not only to solid, liquid, vs gas,
but also immiscible liquids, e.g. oil and
water. The great majority of practical
heterogeneous catalysts are solids
and the great majority of reactants
are gases or liquids.Heterogeneous

catalysis is of paramount importance I'eTeporenai karaJjms
. . [ S e ———— |
In many areas of the chemical and E———

energy industries.

Heterogeneous catalysis has
attracted Nobel prizes for Fritz Haber
in 1918, Carl Bosch in 1931, Irving
Langmuir in 1932, and Gerhard Ertl in
2007
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Adsorption theory of heterogeneous
catalysis

Describes the catalytic processes that occur at the interface
of the solid phase (catalyst) and the gas phase (reactants).
The central role 1n the process (HA) 1s played by physical
and chemical adsorption.

Adsorption

Adsorption 1s the accumulation of molecules at the phase
interface. Physical adsorption occurs under the action of
van der Waals forces. Chemical adsorption
(chemisorption) occurs due to the formation of chemical
bonds between adsorbed molecules and the surface.



Stages of heterogeneous catalysis

Adsorption

Desorption. V

Chemical

reaction




1 Reactive molecules diffuse to the surface
of a solid.
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Diffusion of ethylene and hydrogen molecules from the gas phase to the surface
of a nickel catalyst



The reacting molecules are first adsorbed physically, then enter
into chemical reactions with active surface centers (chemisorbed).
Active centers are free areas of the surface where molecules of
reacting substances can be adsorbed. Another part of the surface of
the catalyst is occupied by adsorbed impurity molecules. The
number of active sites per unit surface depends on the nature and
method of preparation of the catalyst.
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Adsorption of ethylene and hydrogen molecules on the surface of a nickel catalyst



The adsorbed atoms and molecules react
chemically with the formation of products.
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Chemical interaction of ethylene and hydrogen molecules on the surface of a
nickel catalyst



The molecules of the reaction products
pass from the state of chemisorption to the
state of physical adsorption and then
desorbed from the surface.
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Desorption of ethane molecules from the surface of a nickel catalyst



1 The molecules of the reaction products
diffuse from the surface.
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Diffusion of ethane molecules from the surface of the nickel catalyst to the
gas phase



CO2, H20, N2
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CONCEPTS

In heterogeneous catalysis, the reactants diffuse to the catalyst surface
and adsorb onto it, via the formation of chemical bonds. After
reaction, the products desorb from the surface and diffuse away.
Understanding the transport phenomena and surface chemistry such
as dispersion 1s important. If diffusion rates are not taken into
account, the reaction rates for various reactions on surfaces depend
solely on the rate constants and reactant concentrations. For solid
heterogeneous catalysts, the surface area of the catalyst 1s critical
since it determines the availability of catalytic sites. Surface areas can
be large, for example some mesoporous silicates have areas of 1000
m2/g. The most common approach to maximizing surface area 1s by
the use of catalyst supports, which are the materials over which the
catalysts are spread.
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