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Review of the doctoral thesis 
 

„An investigation of novel electroceramic structures for new sensor applications“ 

 

by Mr. Bo Nan 

 

CEITEC BUT, Brno University of Technology, Brno, Czech Republic 

 

This doctoral thesis deals with the development of the piezoelectric lead–free ceramics. This 

is a hot research topic, in particular due to environmental concerns regarding the toxicity of 

lead in PZT piezoelectric structures. The main focus of the thesis is on the 

(Ba0.85Ca0.15)(Zr0.1Ti0.9)O3 compound. The author pays his attention to some specific issues 

associated with this compound, mainly with attempts to decrease its sintering temperature by 

doping with lithium carbonate, with different methods of its manufacture (solid state route or 

sol-gel process), with achieving a more homogenous grainy structure, with the development 

of methods for achieving 1-3, 3-3 and 2-2 connectivities and with the problems arising in tape 

casting. 

 

The thesis starts with quite an extensive overview of materials and methods used in the field 

of lead-free ceramics (37 pages).  

 

BCZT has been chosen for investigation because of its promising outlook in various 

applications. However, the sintering temperature of BCZT is currently rather high (1450 °C – 

1500 °C), which in turn induces large and inhomogeneous grain size. Hence, it is desirable to 

decrease its high sintering temperature by synthesizing the powder by a sol-gel technique, in 

comparison with conventional powder synthesised by solid-state route, and to increase the 

homogeneity of the BCZT by doping with small amounts (up to 1.5 wt. %) of lithium 

carbonate.   

 

The focus of the thesis is mostly on experimental work.  

 

The thesis is of the standard size, i.e. 177 pages long. It is formally structured in a well 

arranged way into 8 chapters, namely Introduction, Review of Literature, Aims of Thesis, 

Synthesis and characterisation of BCZT powders and sintered pellets, Tape casting, Direct ink 

writing, Conclusion and Future Work. Also included is a list of References with impressive 

195 items. Chapters are further divided into sections and subsections. The core of the work 

lies in Chapters IV to VI, which form about three quarters of the work in total (pages 39 – 

128). Formally, the thesis submitted is of a very high quality, figures and tables are drawn 

clearly and in an easy-to-understand way. However, it is necessary to note that with line 

spacing which the candidate chose there are just 24 lines per page whereas standard number 

of lines per page is 30.   

 

The thesis submitted makes a very good impression and testifies to the efforts and diligence of 

its author.  
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Summary  

 

The thesis presents an extensive experimental work with clearly cut conclusions on pages 129 

– 131. Obviously, a lot of work was also put into the preparation of samples at different 

sintering temperatures. 

 

My impression is very good; aside from the language, the whole work has been done very 

carefully.  

 

Issues:  
 

1. In some cases, I would appreciate some substantiation of the material or procedure 

chosen. Example: Why did you choose lithium carbonate for achieving a more 

uniform distribution of grain sizes? Were there any physical or chemical reasons for 

doing so? Why did you not choose e.g. sodium carbonate? 

2. According to general writing rules, any quantity should not be allowed to be divided 

across the end of line. This rule is in the thesis not observed; perhaps the first example 

being d33 =100 ±4 pC/N in the second paragraph on page IV.  

3. On page 10, in context of the morphotropic point boundary, you write “It is presumed 
that a higher degree of domain alignment is achieved during poling in the coexistence 

region of tetragonal and rhombohedral phases”. Could you please show this “higher 

degree of domain alignment” perhaps graphically?  

4. On page 15, at the beginning of the second paragraph, you write “the co-doped BCZT 
is designed and shows very high piezoelectric and dielectric properties at the triple-
point-type MPB (seen in Figure 2.3(a)), due to the low energy barrier for polarization 
rotation and lattice distortion“. So my question is: Is there any commonly accepted 
theory explaining the behaviour of BCZT with various additives (Ce, Co, Cu, Nb)? 

5. On page 20 you show in Fig. 2.5 ten kinds of connectivities in diphasic composites with 

reference to paper 76. It seems a simple copy of the Fig. 2 from paper 76. It is properly cited, 

so there is no problem with the authorship. However, I missed a more detailed explanation. 

Besides that, your Fig. 2.5 contains 12 subfigures of various connectivities, so that I think it 

might be worthwhile to note, that the last four subfigures are actually just two connectivities 

and not four. This is mentioned in the original paper 76, but not in your dissertation thesis.   
6. On page 24, what are dimensions of quantities in equation (2-9)? 
7. What is a green sample (page 30 top), green bodies (page 40) or green filaments (page 117 

top?   
8. On page 44, just below equation (4-2), you claim that ε0 = 8,854 × 10-13 F/m: This is 

wrong; the true value is ε0 = 8,854 × 10-12 F/m. 

9. What is “necking effect” mentioned on page 55? 

10. At page 59: Do you have any theoretical explanation for the impact of lithium 

carbonate and sintering temperature upon the increase of d33?  

11. At the same page, why is the replacement of alumina by zirconia so desirable so as to 

reduce the possibility of sintering failure?  

12. At page 64 you say that “the missing points of undoped samples are due … etc. 

Actually, how many samples of each type did you prepare?  

 
 
 
 



 3 

Conclusion 
 

The thesis submitted by the candidate, Mr. Bo Nan, fully satisfies the requirements for the 

PhD degree, as stated in § 47 section 4 of the Law. The thesis is an excellent and very nice 

work, where the candidate proved his abilities to apply both the theoretical knowledge and 

experimental evidence for the complex analysis of the impact of lithium carbonate doping and 

various sintering temperatures on the dielectric properties of the resultant BCZT ceramic 

system. Both the theoretical background and experimental work are joined in a meaningful 

manner, which allowed the candidate to prepare a number of variants of the BCZT system 

with various amounts of lithium carbonate admixtures and to arrive at a number of 

meaningful conclusions.  

 

I classify the PhD thesis submitted to me as: 

 

“Acceptable in its present form and the PhD degree awarded”. 

 

In Brno, October 13, 2019   Karel Liedermann 

      M.Sc., PhD, Assoc. Professor 

      Department of Physics  

Faculty of Electrical Engineering and Communications 

Brno University of Technology 

Technicka 10 

616 00 Brno 

Czech Republic 

 

 

 


