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Thermodynamics of solid oxide cells

The physical systems under investigation in the thesis are solid oxide elec-
trochemical cells. Their importance in rapidly growing green technology is enor-
mous. The cells are modeled in the thesis on three levels of description (their
modeling is multiscale). The most complete physical description of the cells
is made on Level 2 (Chapter 2). Level 3 (Chapter 3) involves less amount of
physical details but is most suitable to address directly the problems that arise
in applications. Level 1 (Chapter 1) is most detailed from the physical point
of view. Each level is autonomous, each level provides a self-contained pic-
ture of the physics involved. By trying to relate the levels the candidate finds
limitations of the models and a motivation and a guide to extend them. The
multiscale nature of the modeling is the most original contribution of the thesis.

The model introduced on Level 2 is a classical model that is based on the
classical nonequilibrium thermodynamics. It provides a basis for recognizing
limitations of Level 3 models (results presented in Chapter 3) and it motivates
formulations of more microscopic physical descriptions. The candidate focuses
his attention on the formulation of continuum mechanics that is combined with
electromagnetic fields in the way that is compatible with mechanics and ther-
modynamics. In particular, the problem that is addressed in Chapter 1 is the
inclusion of polarization. The problem is approached in the setting of a rather
recently emerging geometrical formulation of nonequilibrium thermodynamics.
The results represent an important contribution to continuum mechanics. The
complexity of the physics involved is well managed in the well structured envi-
ronment of geometry.

The candidate approaches the modeling in the multiscale manner. The can-
didate demonstrates his mastery of all three levels of description. By investigat-
ing relations among the levels, the candidate obtains new results. Some of the
consequences of the models are carried (by solving numerically the governing
equations) to numerical values that can be compared with results of experi-
mental observations. Moreover, the investigations reported in the thesis bring
into mind new avenues that can be explored. For instance, the inclusion of the
polarization is the inclusion of the internal structure. Having in mind the expe-
rience collected in other contexts (e.g. liquid crystals), we may suggest to use
instead of the polarization vector a polarization (conformation ) positive defi-
nite tensor. The polarization vector is then the principal eigenvector. Another
motivation that brings Chapter 2 is to develop a really geometrical formulation
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of the combination of the bulk and boundary mechanics.
The natural organization of the thesis would be to start with Chapter 2

(introducing the cells) and then to continue with Chapter 3 (that looks towards
applications) and Chapter 1 (that looks towards the microscopic formulation
and selected physical details). By choosing the top-down order in which the
beginning is Level 1 (involving most details but dealing with only a very limited
amount of issues that arise in the modeling of the cells) followed by Level 2 and
Level 3, the candidate probably expresses his own viewpoint of the importance
of the results reported in the thesis.

In summary, the candidate demonstrates his mastery of the subject and the
ability to think creatively. I recommend the acceptance of the thesis.
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