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Factual summary of doctoral thesis 

Assessed PhD thesis deals with the study of metal and ceramic structures of the functional 

part of solid oxide fuel cells (SOFC). The author has set a challenging task: to measure the 

mechanical properties of these layered materials and to observe their structure and changes 

that have occurred during mechanical loading. This intention also envisages the testing of 

mechanical properties after long-term operational loading of the investigated fuel cell. The 

difficult task is to select the methodology of such measurements and the preparation of 

samples for mechanical testing, especially with regard to the small thickness of the basic 

SOFC layers. The functional part of the fuel cell under investigation consists of seven 

fundamental layers - electrolyte  (94 µm), GDC barrier (8 µm), adhesive (5 µm), functional 

layer of fuel Electrode (13 µm), contact layer of Fuel Electrode (4 µm) and Air Electrode (52 

µm). 

The difficulty of setting out experimental intentions results from the thicknesses of the 

individual layers. The author has probably chosen the most feasible methodical approach, 

which is to use the electrolyte layer as the base plate. The individual sample series then differ 

according to the number of other functional layers that have been retained on this base, see 

Tab. 3 of doctoral theses. An alternative to this approach could be to use indentation 

techniques to estimate mechanical properties (elasticity, hardness, fracture toughness). Given 

that it is an operable element of a practicable device where real operating conditions are to be 

considered and technical calculations are used to determine mechanical stresses, it is possible 

to consider the chosen methodology as the most suitable alternative for investigating 

mechanical properties.  

 



Scientific contribution 

The greatest contribution of the evaluated work is the original methodical approach, which 

according to the experimental results and their statistical scatter leads to a serious estimate of 

the basic mechanical properties of SOFC. In particular, the high number of specimens for 

mechanical tests, whose preparation has been experimentally challenging, should be 

appreciated. The results are appropriately statistically processed and widely discussed. The 

investigated materials are subjected to microscopic observations before and after the 

mechanical experiment. Special attention is paid to the localization of brittle failure. An 

important piece of knowledge for the final material analysis is element concentration profiles 

measured across the layered structure. 

 

Conclusion 

The thesis is elaborated very carefully. The errors I have found are usually present in 

the majority of similar works. The effect of the errors found on partial studied problems 

is negligible. I recommend the doctoral thesis for defence and I evaluate it with the mark 

"excellent". 

 

Prague, 30
th

 April 2019 Ing. Martin Černý, Ph.D. 

 

 

 

Shortcomings and questions for the defence of the thesis: 

1) The greatest formal lack of work is the clarity of chapters 5 Methodology and 6 Results. 

Choosing the headings of the individual subchapters and partly also their subdivisions could 

more closely respect the particular types of materials examined. Perhaps this breakdown was 

a requirement of the University. 

2) Photo documentation of some experiments could contain descriptions of individual parts of 

the experiment being performed. 

3) Some readers would appreciate specialized citations regarding specific types of fuel cells 

(Chapter 2.2). 

4) What is a limit temperature for cogeneration utilization of the by-product heat? (Chapter 

2.2) 



5) The diagram in Figure 7 is not entirely clear - "fuel electrode" and "interconnector" labels 

are in the top left image, but it is not clear what they are referring to. In the right figure, the 

direction of flow of individual gases should be indicated. This is related to the question of 

how SOFC is heated at start-up and how heat is generated for cogeneration. 

6) It would be useful if Figure 22 would also include a detailed microscopic image of the 

functional layered structure of the SOFC examined at a resolution allowing visualization of all 

its layers. 

7) Are the data in Table 4 obtained by measurement? What is the origin of these values? 

8) Figures 86 to 89 show elemental concentration profiles of the layered structure under 

investigation. What is the estimate of the accuracy of these EDX measurements? 

9) Which visual signs were taken into account when locating of initiation area of the crack, 

see Figures 102 - 112?  

10) Why do the thicknesses of individual layers differ in Table 2 and in Table 4? 

 

 


