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The presented research for methane/steam reforming process attempted to provide the
comprehensive description of the methane/steam reforming process dedicated for Solid Oxide Fuel
Cell (SOFC). Despite the fact that methane/steam reforming is currently one of the most popular
industrial methods for hydrogen production, the kinetic of the reaction is not fully described. The
derived empirical models of the process are significantly divergent among themselves. The objective| -
of dissertation is essential in the context of the lack of the consistency among the derived reaction
[kinetics of the methane/steam reforming presented in the literature. Therefore, the comprehensive,
analysis from both of experimental and computation stand points have to be proposed as the

systematic and reliable strategies.

Generally, the quality of the mathematical model of the physical phenomena is decreased because
of the uncertainties derived from the model simplifications, assumed values of thermo-psychical
constants and uncertainties of the experimental measurements. The conducted research proposes
the experimental and numerical analyses of the methane/steam reforming process using the
Generalized Orthogonal Least Squares (GLS) method. The GLS algorithm is applicable for finding
the most probable approximation of the unknown parameters, which define the reliability of the
derived reforming reaction rate and provides a criteria for the quantifications of the mathematical

jmodels describing the physical process.

In the scope of thesis the following topics were concerned and discussed: in Chapter 1 the
theoretical basis of the methane/steam reforming process were explained with the motivation for
the proposed research. Chapter 2 summarizes the mathematical deliberation of the Generalized
Least Squares Method and the potential benefits of its incorporation into the determination of the
[kinetic of the highly nonlinear chemical process. The classical methods of deriving methane/steam

reforming kinetic were introduced in Chapter 3, with the focus on the determination of the

[parameters in the power law expression describing methane/steam reforming. The experimental
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studies, conducted as part of this dissertation were described in Chapter 4 and supplementary data

concerning the experimental setup and prepared catalysts were given in Appendices A and B,
respectively. Chapter 5 is divided into two parts. Firstly, the classical approaches to modelling and
investigating the methane/steam reforming process were applied to the experimental studies on
nickel cermet catalyst with volumetric composition of Ni equaled 60%. The updated experimental
conditions were applied to the analyses in the second part of Chapter 5. The influence of the
volumetric composition of nickel cermet catalyst was experimentally investigated. The reaction
order rates for various catalytic materials were provided and compared with literature findings for|
SOFC dedicated catalysts. The results were found to be convergent and independent on the
volumetric composition in terms of reaction orders. In Chapter 6 a novel approach to evaluate the
[reaction kinetics of the methane/steam reforming process by adopting an Orthogonal Least Squares
method was introduced. The advantages of such an approach enable a more general analysis of the
problem and provide more precise information about obtained resu_lts, which includes their
uncertainty. The Generalized Least Square (GLS) method was applied to the calculation of the
empirical parameters of the methane/steam reforming reaction on a Ni/YSZ SOFC anode cermet
catalyst. A critical comparison of the obtained results with the literature data and discussion on the
possible reasons for the essential discrepancies between various studies are presented in Chapter 7.
The GLS method has the potential to provide objective criteria for the formal evaluation and
falsification of different mathematical models of the methane reforming process. The studies in
Chapter 8 particularly focused on the importance of the mathematical expressions, of the physical
phenomena occurring in the chemical reforming system. The analysis was conducted in the light of
improving the precise quantification of uncertainties found in the evaluation of the chemical

reaction process and providing a reliable reaction rate equation.

The proposed algorithm of GLS can be easily adapted to the mathematical modelling of the fuel
reforming process for different catalysts and experimental conditions. Also, the various constraint
models can be easily implemented, as they do not change the structure of the numerical algorithm
but only insert an additional procedure. The application of the GLS method can provide a great]
benchmark in the evaluation of the chemical process and qualify the level of mathematical
modelling of reaction processes. Therefore it can be stated, that the proposed comprehensive
description with respect to the simultaneous numerical-experimental methodology in the form of]
the Generalized Least Squares method introduces novel quality and reliability into studies on

highly nonlinear catalytic reactions.
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