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

on the (Ba,Ca)(Ti,Zr)O3 system, enriched with small amounts (up to 3 wt. %) of cerium (Ce). 

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

its author.  

 

The focus of the thesis is mostly on experimental work.  

 

The thesis is relatively short, i.e. 117 pages long. It is formally structured in a well arranged 

way into 8 chapters, namely Introduction, Theory and Terminology, Literature Review, Aims 

of Doctoral Thesis, Processing and Characterization, Results and Discussion, Conclusion and 

Future Work. Also included is a list of References with 107 items. Chapters are further 

divided into sections and subsections. The core of the work lies in Chapter VI, Results and 

Discussion, which forms about three quarters of the work in total (pages 38 – 94). Formally, 

the thesis submitted is of a very high quality, figures and tables are drawn clearly and in an 

easy-to-understand way.  

 

The subject of the thesis is the investigation of paths leading to the development of lead-free 

piezoelectric ceramic. The author presents a rich literature survey on systems of the type 

BaTiO3 (BT), (B0.5N0.5)TiO3 (BNT), Bi0.5(Na0.5, K0.5)TiO3 (BNKT), (K0.5Na0.5)NbO3 (KNN) 

and (Ba, Ca)(Zr, Ti)O3 (BCZT). A significant drawback of these systems is a rather high 

sintering temperature, usually above 1500 °C, which seriously limits the successful 

commercial application of these materials. The candidate choose an approach based on the 

enrichment of these ceramics with small amounts of cerium. This is a well-established 

approach that has been successfully used since the beginning of 2000’ in giant-permittivity 

dielectrics of the CCTO (calcium-copper-titanate) or PCTO (praseodymium-copper-titanate) 

systems.  

 

The aim of this thesis as stated on page 41, is “to carry out a systematic investigation of the 

synthesis and processing conditions of lead free piezoelectric ceramic materials on the basis 

of existing issues, challenges and most recent status in the field of piezoelectric ceramics.” 

Partial aims then included the synthesis of lead free BCZT bulk piezoelectric ceramics and 

optimization of the processing conditions, study of the effect of cerium oxide (CeO2) as an 

additive in the range (0 wt. % - 3 wt. %) on the structure and properties of BCZT and the 

elucidation of its effect on sintering temperature and grain growth, fabrication and 

characterization of (Ba, Ca) – Ce – (Zr, Ti) O3 ceramics and, finally, determination of 

correlation between structure, microstructure, grain size and functional properties.  

 

The author chose as his basic additive material cerium, which brought about the reduction of 

sintering temperatures by some 200 °C, i.e. to the range of 1350 °C. For the purpose of the 

experimental study, he prepared a number of BCZT- γCeO2 samples with Ce concentrations 

γ = 0; 0,02; 0,04; 0,07; 0,1; 0,5; 1 and 3 %. All samples were analysed by X ray diffraction 



and scanning electron microscopy, Raman spectroscopy and dielectric relaxation spectro-

scopy. Results ensuing from these methods have been extensively discussed. 

 

My questions here would be:  

 

1. How many samples of each composition were prepared and actually measured? Is it 

not possible that the properties of each selected sample were not representative enough 

for the given sample category? 

 

2. Is there any theory underlying the observed dielectric behaviour? 

 

3. At several locations, you mention that the grain size needed to achieve the best 

dielectric or piezoelectric properties is of the order 10 – 13 µm. Do you have any 

theoretical explanation for this?   

 

Summary  

 

The thesis presents an extensive experimental work with clearly cut conclusions on page 95. 

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 was done very 

carefully.  

 

Regarding the requirements set by Article 46 of the Study and Examination Rules of the Brno 

University of Technology in Brno, I would like to inform the Examination Board that:  

 

a) the thesis is quite up to date. The issue of the replacement of lead containing passive 

electronic components with lead-free equivalents is rather pressing because lead is 

environmentally unfavourable, not only in lead-based ceramics, but also in lead-acid 

batteries and in other applications; 

 

b) the thesis has met its objective as defined in Chapter 4 on page 32, namely “to carry 

out a systematic investigation of the synthesis and processing conditions of lead free 

piezoelectric ceramic materials on the basis of … a new material system (Ba,Ca) 

(Zr,Ti)O3 (BCZT) with addition/substitution of cerium“; 

 

c) the author selected an experimental method: He prepared a number of similar samples 

with varying percentages of cerium and measured their dielectric, ferroelectric and 

piezoelectric properties. The particular contribution of the candidate consists in 

establishing that the best piezoelectric results have been reached when Ce was used as 

a substitution at barium site of BCZT perovskite structure (0.00135 mol.) or when Ce 

was used as an addition to the BCZT ceramics at the concentration of γ = 0.07 wt. %. 

Such a Ce addition or substitution at barium site were found to reduce sintering 

temperature to 1350 °C with high piezoelectric properties (d33 ~ 500 pC/N);  

 

d) the candidate deepened the knowledge of the research community on the impact of 

adding/substituting small amounts of cerium on the dielectric properties of the BCZT 



ceramics and his results may enhance the commercial application of advanced BCZT, 

i.e. lead-free perovskite systems, 

 

e) the English of the text is not particularly good. The text contains a large of number 

misprints or lexically unusual phrases. Apparently, English is not the mother tongue of 

the candidate. However, errors in English do not reach the level which would make 

the text non understandable.  

 

 

 

 

Conclusion 

The thesis submitted by the candidate, Mr. Vijay Bijalwan, 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 cerium dioxide doping and 

various processing (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 cerium 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”. 
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