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Topicality of doctoral thesis: 

Tailoring the microstructure of advanced ceramics has been the focus of recent research, as it dictates 
the properties of the final parts. Obtaining a microstructure with specific characteristics requires a precise 
control of the supplied sintering energy. Therefore, alternative sintering techniques utilizing rapid heating 
rates and/or lower sintering temperatures are of major interest. The work of Mr. Prajzler aims at utilizing 
non-conventional sintering techniques with rapid heating rates (rapid rate sintering (RRS), flash sintering 
(FS) and spark plasma sintering (SPS)) to produce dense ceramics with desired microstructures. 
Commonly, fine-grained microstructures are the objective; however, specific functional properties require 
a coarse microstructure, e.g. piezoelectricity. This thesis addresses obstacles associated with defects 
and artifacts generated by the non-conventional sintering techniques and seeks strategies to overcome 
them. Moreover, factors affecting coarsening and non-uniform densifications are explored by optimizing 
the processing parameters.  

Meeting the goals set: 

Goals: optimize the processing parameters to produce (i) Fine-grained alumina and YSZ, and (ii) Dense 
Barium titanate with grain size large enough for enhanced piezoelectric properties.  

Fine-grain microstructures in alumina and zirconia were achieved by rapid rate sintering after optimizing 
the processing protocol (thermal heat treatment or higher binder content in the case of YSZ); however, 
flash sintering did not result in a finer microstructure than using conventional sintering. The advantage 
here seems to be only the shorter processing time.  
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Barium titanate with optimal grain size could not be produced by SPS alone, because of crack formation 
due to carbon contamination from SPS. An additional rapid rate sintering (RRS) step was necessary to 
eliminate carbon contaminants, drive grain growth and achieve a high piezoelectric constant comparable 
to that obtained by conventional sintering. This combination of SPS+RRS is more energy and time 
intensive.  

Problem solving and dissertation results: 

One of the main aims of this doctoral thesis has been to identify, explain and eliminate the factors behind 
non-uniform densification and grain growth to make these methods more viable for industrial fabrication 
of ceramic materials with savings in terms of time and energy. The challenge has been to achieve full 
densification, above all in the entire part and not only at externmal surfaces. The candidate has overcome 
this issue and succesfully sintered nearly fully dense samples.  

Formal adjustment of the thesis and language level: 

The Thesis is very well writen and is easy to follow. The candidate has done a great job in introducing the 
main aspects on ceramic sintering, in a very comprehensive but also scientific manner. It is remarkable 
the number of SCI publications derived from thie Thesis work, as well as participation at international 
conferences. 

Questions and comments: 

- The thesis explains the formation of the, which is inhibited from volatilizing through the dense 
surface shell. This issue was avoided by increasing the binder content, ascribing the beneficial 
effect of the binder to the additional heat generated during binder burn-out. However  
Question#1: Regarding the “core-shell structure” in YSZ to be caused by residual chlorine in the 
core, the candidate claims that “the evaporation of Cl2 was observed only at temperatures higher 
than 1000°C (during annealing experiments)”. Is the heat generated during binder burn-out high 
enough to reach 1000°C while the binder being burnt-out at about 400°C?  
Question#2: Is it possible to explain the beneficial effect of the binder by the solubility of Cl2 in the 
binder? 
Question#3: For YSZ samples, thermal treatment at 1000°C was carried out to volatilize Cl2. Is it 
possible apply this thermal treatment to the powder instead of to the green body?  

- Question#4a: On Page 76 the candidate writes: “the abnormal grains were seen only in the core 
and their shape was not influenced by the orientation of electric field.” What about the gradient 
between the cathode and anode (gradient in the microstructure of flash sintered materials has been 
reported many times in the literature)? 

- Question#4b: Is the microstructure near the cathode and anode the same?. 
- Question#5: Can you explain the two-step sintering process? When is this used, and what are the 

advantages? 
- Question#6: The thermal runaway and influence of densification + grain growth. How can this 

mechanism be understood? 
- Question#7: The candidate claims that “the grain size was smaller than the optimal grain size and 

SPS samples also suffered from crack formation, which was attributed to the carbon contamination 
originating from SPS components”. Why do you think that crack formation is related to carbon 
contamination? 



CEITEC – Středoevropský technologický institut 

Vysoké učení technické v Brně 
Purkyňova 123, 612 00 Brno, Česká republika 
www.ceitec.cz 

- Question#8: The literature states that “The surface diffusion does not contribute to densification [17].
It moves the atoms into an area between contacting particles (called the neck area). The surface
diffusion increases the neck radius and blunts the neck geometry, which is supposed to affect
subsequent densification negatively [16]. These findings promote the idea of rapid heating. A rapid
surpassing of a temperature interval where surface diffusion dominates would save a favourable neck
geometry and accelerate densification during sintering at higher temperatures where grain boundary
and volume diffusions become activated.” However, the author claims in a publication that this is not
exactly what is happening. Can you elaborate on this and give your insight in this mechanism?

Conclusion: 

In my opinion, the reviewed thesis fulfill all requirements posed on theses aimed for obtaining PhD degree. 
This thesis is ready to be defended orally, in front of respective committee. 

In Leoben, Austria, on November 30th 2021. 
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