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Overall evaluation 

The doctoral thesis focusses on the evaluation of the mechanical properties and corresponding 
mechanical behavior of solid oxide fuel cells (SOFC) used in electrochemical energy conversion 
systems. The aim of the work is to understand the effect of different deposited layers and material 
interfaces on the structural integrity of the SOFC under operational conditions.  

The topic of this thesis is of sound importance for the development of mechanical reliable 
environmental-friendly energy systems which may reduce significantly pollution, as compared to 
fossil fuel combustion systems. 

The thesis comprises a thorough state-of-the-art on solid fuel cells as well as Solid Oxide Fuel Cell 
technology, covering the role of the ceramic electrolytes, fuel and air electrodes, interconnects and 
seals. An especial section is dedicated to the characterization of ceramics for SOCs applications, 
with focus on their mechanical performance under different thermo-mechanical loading conditions. 
The main key references have been cited and analyzed, thus establishing a good current state of 
the topic for the Thesis. 

The main objective and novelty of this PhD Thesis is the analysis of the components of a fuel cell 
and the role of the material-interface between the different parts. The characteristics of the 
membrane electrolyte assembly (MEA) as well as the individual layers are investigated from room to 
operating temperatures (i.e. ~900°C). In addition, aging effects of the materials in the cells have 
been analyzed. 

The methods selected for characterization of the parts are appropriate. Elastic modulus is evaluated 
using the Impulse Excitation Technique, Thermal Expansion Coefficients of the different parts are 
evaluated with dilatometry, and Flexural Strength is measured under uniaxial and biaxial loading 
using 3-point bending and ball-on-three-balls methods, respectively. Strength results are interpreted 
and discussed in the framework of Weibull statistics. The effect of aging is properly assessed 
combining chemical and fractographic analyses of selected regions within the stack.  

 

The formal arrangement of the dissertation is correct, following the classical exposition of a scientific 
work. A thorough literature review on Fuel Cells and SOFC Technology follows an introductory 
chapter that describes the necessity to accomplish this work and the relevance for the development 
of reliable SOFCs. The aims of the Thesis are very clear and the methods and approaches 
proposed are appropriate to achieve them. The results are well described and discussed. Based on 
the results gained throughout this Thesis, it would have been helpful to have a short section with 
guidelines for the design of future reliable SOFC. 

 

The linguistic level is high in the introduction, methods and results sections, navigating into a bit less 
formal language in the discussion section. Overall, the candidate possesses very good linguistic 
skills and communicates well the scientific output of the work. 

 

I would like to recommend Mrs. Alessia Masini the award of PhD degree. 
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In the following, there is a list of questions, suggestions and recommendations for the PhD 
candidate that may be considered for the defense: 

 

+ Material properties: I wonder why the candidate evaluates first the elastic constants of the 
material, then the strength and then back to material properties with CTEs. Why not evaluate first E-
modulus and CTE, and then the strength? 

+ Material properties: when you measure E-modulus and G-modulus, you need to know the 
Poisson’s ratio to calculate the correction factor T1 to be used in Eq.(5.2.). However, you estimate 
the Poisson’s ratio in Eq.(5.6). Can you explain how you do this?. 

+ Material properties: you mention the method “Block Lanczos” but don’t explain it. Could you 
elaborate on that method? 

 

+ Strength evaluation: it is always difficult to decide which “effective thickness” to take to determine 
the failure stress from the fracture load. The question is whether the top layer plays a role in the 
fracture process or (for instance) only the electrolyte withstands the load. This aspect should be 
clarified in more detailed. Probably the fractographic observations can help to decide. 

 

+ Residual stresses: it has been discussed that the different characteristic strengths measured in 
different samples could be related to the effect of residual stresses. However, there is no calculation, 
figure or representation of the residual stress distributions (for instance using FEA) in the different 
samples. It would be helpful to have a comparison (Table or Figure) with the tensile and 
compressive in-plane stresses in the different layers. What happens if the electrolyte will be double 
so thick?...or thin?...What is the effect of the non-symmetric architecture, compared to symmetric 
systems?... 

 

+ Weibull analysis: why do you take the estimator in Eq.(6.1) and not pf=(n+0.5)/N ? 

+ Weibull analysis: there are samples tested under B3B and 3PB with different Weibull modulus. 
The PhD candidate tries to explain the significant difference with “volume effect” and sometimes with 
Sub-Critical Crack Growth effects. However, this could be related to the “edge effects” on the 3PB 
samples, where some specimens fail from the edges and not due to material’s defects. I think this 
should be more emphasized. 

+ Weibull analysis: in some of the curves (e.g. Fig. 56b, barrier) a so-called “banana-shape” is 
observed in the strength distribution. Can you comment on that? 

 

 


