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Topicality of doctoral thesis: 

The thesis of Mr. Petras is concerned with the high-temperature fatigue behaviour of the heat resistant 

austenitic stainless steel Sanicro 25 developed by Sandvik, Sweden. The two main goals of the thesis 

are (i) to study the cyclic stress-strain responses and fatigue lives under different loading conditions at 

700°C and (ii) to characterize the fatigue damage mechanisms occurring in this steel. 

The material under consideration – the heat resistant high-alloy austenitic stainless steel Sanicro 25 – is 

of high industrial importance. This steel was developed according to a statement of Sandvik Company for 

„...next generation of coal-fired power boilers: so called Advanced Ultra Supercritical boilers. It is ideal for 

reheater and superheater tubes in these new systems and will allow for material temperatures of up to 

700ºC, contributing to greater efficiency and lower CO2 emissions...“. The steel Sanicro 25 is 

characterized by high strength at elevated temperatures, a superior high creep resistance and a good 

high-temperature oxidation resistance and high corrosion resistance. With this outstanding properties this 

material can be an alternative to nickel-base superalloys and can help to reduce the cost when building 

future high-efficiency coal fired boilers. 

Therefore, the topicality of the doctoral thesis is very high, in particular, regarding the investigations on 

the fatigue damage behaviour under different cyclic loading conditions such as isothermal fatigue at 

700°C, thermomechanical fatigue in the temperature range of 250°C < T < 700°C under in-phase and 

out-of-phase conditions and both isothermal and thermomechanical fatigue in combination with 10 min 

tensile dwell times.  
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The topicality is well addressed in the first part of the thesis (Chapter 2 – Current state of knowledge), 

where the state-of-the-art knowledge of both the heat resistant high-alloy austenitic stainless steels as 

well as the fatigue and damage behaviour at elevated temperatures is summarized  

Meeting the goals set: 

The objectives of the thesis were quite briefly described in Chapter 3: the study the mechanisms of high 

temperature fatigue and the damage mechanisms under different loading conditions for the heat resistant 

high-alloy austenitic stainless steel Sanicro25.  

However, in the following text of Chapter 3 only the methods are described, which were applied to reach 

the main goal of the thesis. Thus, besides standard low cycle fatigue tests at RT and 700°C, complex 

loading conditions were applied such as creep-fatigue interaction procedures, thermomechanical fatigue 

as well as thermomechanical fatigue with dwell, respectively. The methods of investigations of fatigue and 

damage behaviour span from statistical theory used for analysing stress-strain hysteresis loops to 

investigations with scanning electron microscopy, focused ion beam technique and electron 

backscattered diffraction. Finally, fatigue life assessment was performed using Manson-Coffin approach 

for all fatigue loading conditions.   

Here, the reviewer expected a more detailed summary on state-of-the art knowledge on Sanicro 25 from 

previous investigations of other scientists of the same working group or from other institutions and what 

will be the new contribution to the topic by the present thesis. This holds, in particular, for the 

microstructural changes during high-temperature fatigue in terms of formation of nanometre-sized 

precipitates. The thoroughly performed microstructural investigations of the thesis focus mostly on 

application of the focused ion beam technique in order to study the crack initiation behaviour. Additionally 

performed electron backscattered diffraction investigations were unfortunately used only for clarification 

of transgranular or intragranular crack propagation.  

Finally, it can be stated that the goals set in the thesis are fully fulfilled: the mechanisms of high-

temperature fatigue and the damage mechanisms under different loading conditions for the heat resistant 

high-alloy austenitic stainless steel Sanicro25 was studied. A deeper understanding on the ongoing 

mechanisms at different high-temperature loading conditions was gained. However, a discussion of these 

results in context with the industrial application of this steel or in comparison with other materials for high-

temperature applications is missing. Furthermore, an outlook to further investigations needed on this steel 

variant would be of interest for the reader as well. 

Problem solving and dissertation results: 

The goals of the present thesis were reached by thoroughly performed and analysed cyclic loading 

experiments under different loading conditions. Intensive observations of the damage behaviour were 

carried out using scanning electron microscopy in combination with focused ion beam technique and 

electron backscattered diffraction. The conducted experiments, microstructural observations as well as 

detailed analysis of the stress-strain hysteresis loops in term of the statistical theory are described briefly 

in Chapter 4. However, detailed parameters for focused ion beam cutting as well as for scanning electron 

microscopy, and electron backscattered diffraction in particular, are missing.  
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The results of these thoroughly performed experiments are well presented in terms of diagrams, figures 

and tables and clearly structured according to the different loading conditions. Firstly, mechanical 

behaviour is presented in terms of cyclic softening/hardening behaviour and mean stress development 

followed by surface, focused ion beam cut and longitudinal cross section observations. Only in terms of 

microstructural evolution, more detailed SEM investigations on the cross sections of the fatigue 

specimens using backscattered electron contrast, electron channelling contrast imaging technique or on 

selected cases even transmission electron microscopy would be desirable for visualization of the 

dislocation arrangements in individual grains along the crack path or in particular at the crack tips.  

It is particularly noteworthy that each subchapter related to a specific fatigue loading conditions is 

concluded with a chapter summarizing the highlights in terms of both high-temperature fatigue and 

occurring damage mechanisms.  

After detailed description of the results in Chapter 5, a comprehensive discussion is provided in Chapter 

6, which is well structured according to the different loading conditions studied in the experimental work. 

However, the understanding of the discussion is somewhat hindered for the reader by the fact that too 

much knowledge is referenced which was not introduced in the first part of the thesis where state-of-the-

art knowledge of the materials and the mechanisms should be provided. 

Importance for practice or development of the discipline: 

The results of the thesis are of great importance for the field of materials science engineering and, in 

particular for the industrial application of this type of steel at high temperatures. The importance of these 

results is well expressed by the numerous publications in different highly-ranked international journals 

authored or co-authored by Mr. Petras.  

However, this importance is not adequate expressed by the authors of this thesis. Here, more effort in 

terms of the evaluation of the output of his thesis in comparison to other high-temperature materials as 

well as for further research in the field of high-temperature applications would be desirable.  

Formal adjustment of the thesis and language level: 

The thesis is clearly organized and well written at the good level of English language. Diagrams and 

figures are clearly presented. However, I am a bit puzzled about the huge number of figures which are 

exactly published already in different scientific papers but are not referenced to them. Even the figure 

captions are identical with those used in the publications. 

The title of the thesis seems to be a bit misleading since it suggests that more than one material is 

investigated under cyclic loading at high temperatures. But, the thesis is focused on Sanicro25 solely. 

Even in the discussion, a comparison with other materials for high-temperature applications is missing. 

One suggestion would be to change the title to „Fatigue resistance and mechanisms of the fatigue damage 

in superaustenitic stainless steel“. 
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Questions and comments: 

Some questions arise during reading the thesis: 

1) The chemical composition provided in Tab.2 is the nominal composition provided by Sandvik. Why

the real chemical composition was not determined within the framework of this thesis?

2) What was the reason for the solution annealing at 1200°C for 1 h followed by air cooling? Why not

shorter annealing time and rapid cooling like water quenching?

3) It is mentioned that the typical grain size is about 60 µm. Is this an average value? What about the

standard deviation. What is the grain size distribution? Was the grain size determined excluding or

including twin boundaries?

4) What about the two types of precipitations formed during cyclic loading at high temperatures: Cu-rich

nanoprecipitates and NbC precipitates? What about the amount of these precipitates and their size

distribution? What about the thermodynamics for the formation of these precipitates? Moreover, do

these precipitates undergo changes in size, morphology etc. during isothermal or thermomechanical

fatigue? Without additional reading of previous publications or thesis authored by Mr. Herczko it is

hard to follow what is going on in the microstructure during high temperature fatigue.

5) What is the stacking fault energy of the investigated Sanicro25 compared to 316L? Was it calculated

using various equations available from literature? What is the influence of temperature on the stacking

fault energy?

6) How shortening or enhancing of dwell time during thermomechanical fatigue will influence the fatigue

behaviour and what will be the consequences for the damage behaviour?

7) What will be influence of enhancing or reducing the temperature interval during thermomechanical

fatigue testing?

Conclusion: 

All in all, the present thesis is an interesting and excellent work in which Mr. Petras clarifies a complex 

issue with both cleverly conducted and elaborate fatigue experiments at high temperatures as well as 

thoroughly performed demanding microstructural observations using focused ion beam techniques. 

Finally, the fatigue life assessment is conducted based on Manson-Coffin approach for all investigated 

different loading conditions.  

With this he has clearly demonstrated his ability to do scientific work.  

The limitations mentioned above are not to be regarded as deficiencies of the scientific concept. 

In my opinion, the reviewed thesis fulfils all requirements posed on theses aimed for obtaining PhD 

degree. This thesis is ready to be defended orally, in front of respective committee. 

Freiberg, date June 16th 

   ………………………………………… 

    Doc. Dr.- Ing. habil. Anja Weidner 


