
Venue

The annual seminar on Mathematics in
(bio)Chemical Kinetics and Engineering
will be held in the Pand, a renovated
ancient building owned by Ghent
University, and situated in the heart of
Ghent’s historical centre (address:
Onderbergen 1).

CORE
@UGENT
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REACTION ENGINEERING

‘PYROLYSIS AND COMBUSTION OF COMPLEX HYDROCARBON 
MIXTURES. DETAILED KINETICS AND LUMPING PROCEDURES’

The potential and limitations of detailed chemistry when it comes to handling large hydrocarbon molecules and 
describing the pyrolysis and combustion behavior of complex mixtures require a careful investigation. Detailed kinetic 
mechanisms involve large numbers of species and reactions making computationally expensive and strongly 
restricting the potential of model predictions. It is presently well recognized the need to reduce and simplify the 
comprehensive kinetic schemes, by maintaining the relevant features of the initial mechanisms. The main goal of this 
lecture is to present the chemical lumping procedures applied in the development and validation of detailed kinetic 
schemes of pyrolysis and combustion of complex hydrocarbon mixtures, such as gasoline, diesel, and biomass derived 
fuels. Moving from the automatic generation of detailed kinetic schemes of pyrolysis and combustion of primary 
reference fuels (n-heptane and iso-octane), advantages and limitations of the chemical lumping are analysed and 
critically discussed on the basis of several examples. The extensions of this lumping approach towards heavier and 
more complex mixtures are also addressed. It is not of practical interest to automatically generate detailed 
mechanisms with several thousands of molecular species and elementary reactions. A compromise has to be found 
between computation efforts and prediction accuracy. Thus, it becomes more practical, or even a need, to lump the 
chemical species with assigned rules, which satisfy the requirements of the system for which kinetic simulations will 
be performed. From a model point of view, it is convenient to directly link a post-processor to the kinetic generator 
with the purpose of lumping the intermediate and final products into a limited number of lumped components. 
A further advantage of semi-detailed kinetic models, already reduced with a chemical lumping, is their easier and 
more effective applicability to successive automatic reductions.

ABSTRACT

ELISEO RANZI / DEPARTMENT OF CHEMISTRY, MATERIALS AND CHEMICAL ENGINEERING, POLITECNICO DI MILANO

Eliseo Ranzi, born in Ravello (SA) August the 5th, 1943, graduated in Chemical Engineering at Politecnico of Milan 
in 1968, summa cum laude.  Full Professor of Unit Operations from 1989 at Politecnico of Milan. 
Leader with Tiziano Faravelli of the CRECK (Chemical Reaction Engineering and Chemical Kinetics) Modeling 
Group at Politecnico di Milano: http://creckmodeling.chem.polimi.it
Well recognized experience in the area of the kinetics of hydrocarbon pyrolysis, i.e. the steam cracking process to 
produce ethylene. Author with Mario Dente and Sauro Pierucci of the well-known Spyro Program, worldwide used 
since more than 20 years by most of the Ethylene Producer Companies.
Pyrolysis, gasification and combustion of hydrocarbon and solid fuels, together with the kinetics of pollutant 
formation are the main areas of research interests. Detailed and lumped kinetics of biomass and renewable fuels 
(alcohols and methyl esters, as gasoline and diesel oil surrogates) are the subjects of more recent works. 
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* May 14, 2014: Registration deadline

Organizing Committee

– Denis Constales (NaM2)

– Geraldine J. Heynderickx (LCT)

– Guy B. Marin (LCT)

– Ingmar Nopens (BIOMATH)

– Kevin M. Van Geem (LCT)

Program

– 10:45 Coffee and registration

– 11:15 Introduction

– 11:30 Renato Feres, From Knudsen
diffusion to stochastic thermodynamics

– 12:30 Question time and discussion

– 12:45 Lunch

– 13:45 Marc-Olivier Coppens on
Random Walks in Porous Media –
Diffusion under Confinement

– 14:45 Question time and discussion

– 15:00 Concluding remarks and
closing address
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Welcome to the 2014
annual seminar on
Mathematics in (bio)Chemical
Kinetics and Engineering

The Research Group for model-based analysis
and optimisation of (bio)processes
(BIOMATH), the Laboratory for Chemical
Technology (LCT) and the Research Group for
Numerical analysis and Mathematical
Modelling (NaM2) of Ghent University are
pleased to invite you to attend the annual
seminar on “Mathematics in (bio)Chemical
Kinetics and Engineering” which will be
held on May 28, 2014 in Ghent, Belgium.

After the successful international
Mackie-20(02,07,09,11,13) conferences and
Mackie-20(03,04,05,06,08,10,12) annual
seminars, the local organizers at Ghent
University have again invited two
world-class experts from the fields of
mathematics and (bio)chemical
engineering, Prof. M.-O. Coppens
(University College London) and Prof. R.
Feres (Washington University in St. Louis)
to give seminar talks during a one-day
mini-symposium.

Participation to the seminar is free, but
registration is strongly recommended
before May 14, 2014. Please e-mail to
Denis.Constales@UGent.be to register. A
complimentary lunch is offered to the
participants at the venue.

From Knudsen diffusion to stochastic
thermodynamics

Prof. Renato Feres
Department of Mathematics
Washington University in St. Louis.

The theory of stochastic dynamical
systems provides a conceptually satisfying
set of links connecting models of
surface-gas interaction to (1) the classical
distributions of Knudsen and
Maxwell-Boltzmann, (2) to the
mathematical determination of Knudsen
diffusivity in channels and, finally, (3) to
the foundations of stochastic
thermodynamics of simple
(“nano-mechanical”) heat engines.
The central character of the story is a
classical surface scattering operator, P ,
derived from the interaction model. The
random dynamical system we study is
then a multiple scattering Markov chain (a
“random billiard” system) with transition
probabilities operator P .
Among other things we will see how the
cosine law arises as stationary distribution
of the multiple scattering process, how
Knudsen diffusivity relates to the
geometrical-mechanical gas-surface
interaction model via the spectrum of P ,
and how a variation on the theme can also
describe the workings of a minimalistic
heat engine, which we explore via
numerical simulation.

Random Walks in Porous Media
Diffusion under Confinement

Prof. Marc-Olivier Coppens
University College London.

Molecular transport in nanoporous
materials is important to a variety of
chemical engineering applications. We will
discuss methods to calculate the influence
of pore geometry and chemical structure of
the pore walls on diffusion in nanopores.
In short pores, an incorrect analysis based
on the mean-square displacement of
molecules may bias diffusion results, even
qualitatively. A first-passage time analysis
gives correct and more complete
information on diffusion in nanopores
than a mean-square displacement analysis.
In chemical engineering applications, we
are most interested in macroscopic results,
on the scale of a membrane, adsorbent or
catalyst particle. To include heterogeneity
requires multiscale methodologies that
enable us to bridge wide ranges of length
and time scales.
Finally, could materials be designed to
tune molecular transport to enhance
transport-dependent properties, such as
membrane permeation and selectivity, or
catalyst yield and stability? We propose a
nature-inspired chemical engineering
(NICE) approach to optimize hierarchical
transport networks and nanopore designs.

For the latest information, consult the annual seminar’s Web site at www.mackie-workshops.com
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