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Evaluation of Mgr. Igor Bieloshapka doctoral thesis 

The doctoral thesis of Mgr. Igor Bieloshapka entitled “Controllable synthesis, treatment, 

and characterization of anodes for Direct Formic Acid Fuel Cell” reports the preparation of Pd-

based catalysts using magnetron sputtering for direct formic acid fuel cells (DFAFCs) anodes. 

The main goal of the work is to reduce the cost of expensive palladium catalyst which is 

typically used at the anode side of DFAFCs. 

The thesis is divided into three main parts. In the first part, Author provides a motivation 

and a brief introduction to a DFAFC including detailed description of its vital components. In 

the next part, Mgr. Igor Bieloshapka thoroughly describes various experimental techniques, 

which were used for samples preparation and characterization. Finally, the major part of the 

thesis presents the obtained results. This part of the thesis is systematically divided into four 

subsections. First deals with preparation and investigation of different catalyst support in order 

to increase catalyst active surface area. Second describes the effect of Pd catalyst loading. In 

the third part, Author is focused on catalyst thermal and chemical treatment to reduce 

contaminations on catalyst surface. Finally, the fourth part summarizes all results obtained in 

previous sections by presenting the activity of Pd-based catalysts deposited by magnetron 

sputtering tested in a home-build DFAFC test station. 

The work is devoted to an important issue, which transition to alternative eco-friendly 

energy sources definitely is, especially in light of the so-called “green deal” recently announced 

by the European Union. Even though the hydrogen fuel cells are the best candidate for the 

proposed call, DFAFCs appear to be more suitable for powering portable devices. However, 

poor performance and durability remain serious hurdles for their widespread 

commercialization.  

In order to increase catalyst cost-efficiency, Author proposes a new way for developing Pd-

based catalysts for DFAFCs anode utilizing magnetron sputtering deposition. For thorough 

catalyst characterization Mgr. Igor Bieloshapka used a large spectrum of experimental 

techniques, including home-made DFAFCs test station built in the framework of the doctoral 

thesis. Overall, the obtained results demonstrate the utility of the sputtering process to produce 

active DFAFC anode catalysts. Furthermore, it was shown that activity could be further 

increased by adjusting catalyst loading, choosing appropriate catalyst support, and providing 

additional catalyst treatment. 

The thesis is written well, with occasional minor grammatical mistakes and typos. The thesis 

presents original research results supported by 8 original publications in peer-reviewed 

journals. One of them from 2014 deserves special attention, with 760 citations in WOS. 

In conclusion, Mgr. Igor Bieloshapka demonstrated that he is capable of solving challenging 

scientific tasks and achieving valuable results. I consider that this work meets all requirements 

for a Ph.D. thesis and recommend the candidate be awarded the doctoral degree after a 

successful defense. 

 



 

A list of questions that I'd like the applicant to address during his upcoming defense: 

1) It was mentioned in the introduction part that at the cathode side of DFAFCs, ORR reaction 

occurs. This 4-electron multistep reaction has very sluggish kinetics, requires relatively 

large amount of expensive platinum and thus under intensive focus of researchers 

nowadays. Author should provide a comment about the importance of investigating 

DFAFC anode for the development of cost-efficient DFAFCs. 

 

2) Table 1, Page 41. Why GO and RGO contains an almost similar amount of oxygen? I expect 

a much lower oxygen amount for the reduced graphene oxide. 

 

3) Page 55. Please provide detail explanation about catalyst thickness measurement for sputtering 

rate calibration. You state that: “The thickness of deposited catalysts was measured ex-situ 

using SEM by a drop of varnish, which was removed after the sputtering process”. It is not 

clear to me how a drop of varnish, which is typically used for thickness measurements by AFM, 

can be used for thickness measurements using SEM. 
 

4) It is unclear to me how PdCu catalyst was prepared. While reading the thesis, I assumed it 

was simultaneous magnetron sputtering from Cu and Pd targets in the form of mixed alloy, 

which is a common way to increase catalyst activity. However, on page 61 Author 

mentioning that Cu was deposited on top of Pd catalyst layer. If Cu layer covers Pd layer, 

it will just block Pd, which is supposed to be active for FA oxidation. Please explain.  

 

5) Fig. 48. It was shown that catalyst annealing to 50 °C with subsequent cooling to RT 

increases its activity and actually shows the best performance among all tested samples. 

This temperature seems to be very low to provide any changes to the catalyst. Moreover, a 

hot pressing at 70 °C was provided to prepare MEA for all samples. 

 

6) Why stability test is provided for only one sample (Pd/CC without any treatment in Fig. 

45)? Did you make a stability test for the sample showing the best performance?  

I am further concerned about the 5 min duration of stability test.  

 

 

Minor issues: 

Fig. 13. The SP-150 potentiostat is produced by BioLogic company, not Lambda System, PL. 

 

Fig. 23. (a) and (b) labels are missing. 

 

Page 44. Typo. The O 1s XPS spectra should overlap with Pd 3p3/2 not Pd 3d3/2. 

 

Fig. 36. Typo in the figure caption. The right image should correspond to the Pd300 sample 

after use in FA fuel cell, not after sample heating. 

 

Page 56. Author discusses “remarkable surface segregation of copper and carbon” during PdCu 

sample annealing but at the same time writes about the decrease of C and Cu concentration 

calculated from XPS spectra. It must be a typo. 
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