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The candidate has submitted a 116-page dissertation containing an introduction, 4
chapters, a list of the author's publications and reports on the dissertation work, a
bibliography, and a list of the dissertation's main contributions.

1. Relevance of the problem developed in the dissertation in scientific and
scientific-applied terms.

The dissertation presents the author's scientific research and obtained results for
obtaining composite coatings based on titanium-boron and titanium-carbon by electron
beam surface modification (scanning electron beam surface treatment).

The task of modification of surface layers of elements of metallic materials to
improve their performance qualities is current, although it has been developed for years,
mainly using laser technologies and magnetron sputtering. These technologies are the
subject of constant scientific and industrial interest, and ways to increase the hardness of
the coatings, reduce the coefficient of friction and improve the structure are sought.
Therefore, the application of an electron beam method for the formation of composite
layers in titanium-boron and titanium-carbon systems with improved properties, which is
investigated in the presented dissertation, is also a relevant and important task. The
processes involved in this processing are complex and there are many technological
parameters that effectively influence the final result. This necessitates conducting research
to clarify the processes and realize the controiled formation of the composite coatings.



The main goal of this dissertation is to obtain composite coatings with improved
characteristics in the titanium-boron and titanium-carbon systems on titanium substrates
by surface treatment with a scanning electron beam under different technological
conditions. To achieve the goal, the author has formulated five main tasks related to the
development of a method for applying boron and carbon powders on titanium substrates;
application of electron beam surface modification to obtain composite coatings in the
titanium-boron and titanium-carbon systems on titanium substrates under different
technological conditions; characterizing the structure of the formed coatings and
determining the microhardness and friction coefficient.

2. Degree of knowledge of the state of the problem and creative interpretation
of the referenced material.

The main activity in the presented dissertation work is related to the preparation of
composite coatings in the Ti-B and Ti-C systems on Ti substrates by surface treatment
with a scanning electron beam and detailed characterization of the structure, phase and
elemental composition, as well as the microhardness and coefficient of friction of the
obtained composite coatings. Within the framework of a literature review, chapters 1 and 2
review the main processes for obtaining titanium borides and titanium carbides by electron
beam surface modification, analyzing the results of laser processing and DC magnetron
sputtering. The conditions for the formation of the investigated coatings, the different
analysis methods that were applied to characterize the obtained materials, as well as the
method of applying the powder modifiers on pure Ti are presented. Literature from 110
sources was used. The presented overview provided an opportunity for creative evaluation,
knowledge of the main approaches and methods necessary for the implementation of the
tasks.

3. Correspondence of the chosen research methodology and the goal and tasks
of the dissertation with the achieved contributions.

The content of the dissertation corresponds to the set goal and tasks, and the chosen
methodology implies qualitative achievement of the goal and successful solving of the set
tasks.

A technique for depositing boron and carbon powders on titanium substrates has
been developed and applied to obtain coatings in the titanium-boron and titanium-carbon
systems. Scanning electron beam surface treatment, under different process conditions, has
been applied to form Ti/TiB and Ti/TiC composite coatings. The characterization of the
obtained coatings was carried out by applying different methods of analysis, which
describe their properties, and also provide the opportunity to analyze the reasons for the
specific results. Technological parameters for obtaining coatings with improved structure
and mechanical properties have been determined. A significant improvement of the
microhardness and friction coefficient of the considered coatings was achieved, which is
the basis of the contributions of the presented work.



Contributory studies are presented in Chapters 3 and 4. Chapter 3 presents results of
electron beam surface modification of pure boron powder deposited on Ti substrates to
improve mechanical properties. The influence of the technological parameters - beam
power and sample movement speed was investigated. Suitable conditions for the
formation of composite coatings with increased microhardness, reduced coefficient of
friction and homogeneous structure have been determined. The composite structures were
analyzed by various methods such as scanning electron microscopy, X-ray structural
analysis, energy-dispersive X-ray analysis, microhardness and coefficient of friction were
measured. The obtained results are explained on the basis of the conducted analyses.
About a 20-fold increase in the microhardness of the formed coating compared to that of a
Ti substrate was demonstrated, as well as a nearly 2-fold decrease in the coefficient of
friction, which was explained by the specific microstructure of the composite material
obtained after the electron beam surface treatment.

Chapter 4 presents research on obtaining composite layers on Ti substrates with
carbon powder, applying here also the method of electron beam surface modification. The
formation of a composite Ti/TiC layer is carried out in two steps. The influence of the
movement speed of the samples was investigated, the structural and phase changes, as well
as the change of the microhardness during the processing with the scanning electron beam,
were tracked. It was found that at the lower sample speed the microhardness of the coating
was about 2.5 times higher than that of the Ti substrate, while at the higher speed the
increase was about 1.8 times the microhardness of the substrate.

The applied approaches and the chosen research methodology have been selected
adequately and purposefully to achieve the set goals and objectives, which is confirmed by
the results of the research and the contributions received.

4. Scientific and / or applied scientific contributions to the dissertation.

The material presented in the dissertation, on which the contributions are based, has
a scientific-applied nature. The results have been analyzed and published in authoritative
scientific publications, as well as presented at specialized scientific forums, which is also
proof of their credibility.

Contributions are of a scientific-applied nature and can be classified as follows:

(a) improvement of existing technologies — composite coatings with improved
characteristics were formed in titanium-boron and titanium-carbon systems on Ti
substrates by scanning electron beam surface treatment. An increase in microhardness and
a decrease in the coefficient of friction were achieved when treating Ti substrates with
boron, as well as an increase in microhardness in the case of treating the substrate with
carbon, which is important for various industrial applications.

(b) obtaining and proving new facts — the structures of the formed composite
coatings were characterized and described on the basis of detailed analyses, and suitable
technological conditions were determined (speed of movement of the sample, electron
beam power) for obtaining composite coatings with increased microhardness, reduced
coefficient of friction and homogeneous structure.



In this context, | appreciate the contributions received as useful and significant.

5. Evaluation of the dissertation publications.

The 3 publications presented cover the main elements of the dissertation work and
are as follows: 2 of them are in a specialized scientific journal with an impact factor in Q2
(Coatings) and are indexed in Web of Science and Scopus; 1 has been published in full in
proceedings of an international conference. In 2 publications, the PhD student is the first
co-author and all publications are in English. 2 independent citations to two of the featured
publications noted. The results were also reported at 4 scientific forums in Bulgaria, of
which 3 are international and one is national with international participation.

Given these facts, 1 believe that the main results of the dissertation have become
available to the international and Bulgarian scientific community.

6. Critical comments and recommendations.

The dissertation work represents a completed research work with the correct choice
of solutions and approaches to achieve the goal, with the volume of work performed and
the results achieved.

I have the following remarks: in the dissertation and in the abstract, the papers of the
author are not cited from the list of publications and reports on the dissertation. This
would enrich the merits of the dissertation and the personal contribution of the author. In
Chapter 1, some of the generalizations about electron beam technology are correct for
scanning electron beam surface treatment, not electron beam technology at all. There are
some grammatical errors in the text of the dissertation and the abstract (for example on
page 9, 14, 20, 25, 26, 34, 37, 46, 56, 64, 73, 76, 91, 95, 99 in the dissertation).

These remarks do not change the general very good impression made by the
presented work and all documents of the protection procedure.

An additional comment could be made on the following questions - how was the
thickness of the layers applied to the titanium substrates selected; has the repeatability of
the obtained results been assessed; can use of the obtained results and further development
be predicted?

7. Conclusion with a clear positive or negative assessment of the dissertation.

The dissertation is well structured, and given the received scientific and applied
contributions, the number and quality of publications and citations, | believe that the
dissertation work developed by Fatme Padikova fully meets the requirements of the Law
on the Development of the Academic Staff in the Republic of Bulgaria, BAS and IE-BAS.
[ give a positive assessment and confidently suggest to the scientific jury to award Fatme
Fahri Padikova the educational and scientific degree "Doctor" (PhD) in the field of higher



education "Natural sciences, mathematics and informatics”, professional direction 4.1.
"Physical Sciences", scientific specialty "Radiophysics and physical electronics".
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