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Abstract

Abstract:
During 1942, in the middle of the World War II, a new petroleum refining process and cat-
alysts were developed and commercialized. This technology, called fluid catalytic cracking
(FCC), and provided a dramatic improvement in capital and operating costs relative to the
previous fixed and moving-bed catalytic cracking processes. Cracking is a chemical reaction
in which hydrocarbons are cut into shorter fragments. Acidic zeolites play a central role
in petrochemical refining, catalyzing in particular the cracking of alkanes, a major reac-
tion in the production of fuels from crude oil by fluid catalytic cracking.[1-3] The reaction
mechanism for a monomolecular cracking has been thoroughly investigated both theoreti-
cally and experimentally. At low conversion (< 5%), these reactions mostly occur through
monomolecular cracking, where the alkane is protonated by a zeolite acid site and undergo
subsequent C-C bond scission.[4] Mechanistic studies of these reactions are complicated by
the interplay between adsorption, which governs the concentration of alkane – active sites
complexes and their bond-breaking kinetics. Hence, conventional catalytic activity testing
only allows for the measurement of an apparent cracking rate constant kapp = Kads k int,
which lumps the alkane adsorption equilibrium constant Kads and the intrinsic rate con-
stant k int. Currently, the experimental determination of the intrinsic activation energy Ea
and activation entropy DS‡ requires an independent evaluation of the adsorption parameters
DadsH and DadsS using extrapolations from low temperature adsorption measurements.[5-
7] The responsible factors for the monomolecular cracking of alkanes by acidic zeolites are
still not fully understood because the apparent rates are governed by both thermodynamic
and kinetic parameters namely the equllibrium coverage of the acid sites by the alkane and
the intrinsic cracking rate of the alkane adsorbed on the acid sites. Recent experimental
[8,9] and theoretical [10,11] studies suggests that the increase of the cracking rates with the
alkane size is mostly governed by the entropy of activation, DS‡. However no study to our
knowledge has determined the cracking rates while simultaneously measuring the coverage
of the active sites at reaction conditions, which is key for the quantitative determination
of the intrinsic reaction parameters. The objective of the present study was to determine
experimentally the coverage of the H-ZSM-5 acid sites by light alkanes (C3-C7) at reaction
conditions, hence allowing determination of the intrinsic cracking rate parameters directly.
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