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The presented dissertation has a structure corresponding to the requirements of the ADASRB
and the Regulations for its implementation. It includes an introduction, three chapters, a
conclusion and a list of cited literature, presented in a total of 133 pages, 74 figures and 10
tables. The topic of the dissertation is aimed at developing methods for functionalization and
formation of carbon phases. The experimental work is based on the application of chemical
methods and laser interaction on different phases of carbon. Various methods for description
and analysis of the obtained materials are also applied. By its nature, the work presented is
focused at the search for effective methods for obtaining carbon phases of different types, a
topic that is the subject of increased scientific interest. These materials have already proven
their unique properties and potential applications in a number of fields. This determines the
relevance of the proposed topic, as the developments can contribute both to the fundamental
understanding of the properties and formation mechanisms of carbon nanomaterials, as well as
to the design of new composite materials for a number of applications.

Chapter 1 of the dissertation presents an overview of the main characteristics of several
allotropic forms of carbon, which are the main object of research and applications at the current
stage. Properties of diamond, graphene, fullerenes, carbon nanotubes, carbyne, and phases with
other structural features are presented. A classification is made in terms of electronic structure
and spatial characteristics of different carbon nanostructures. The basic properties of graphene
oxide and reduced graphene oxide are also reviewed. A systematization of the main methods
for obtaining these materials is also presented. The main methods of analysis and
characterization of carbon phases, which were used by the PhD student in his work, are
discussed in Chapter 2. The review is based on 87 publications. The PhD student has formulated
the main characteristics and problems related to the mentioned materials. The overview
presented and the content of Chapter 1 demonstrate a familiarity with the problems associated
with the preparation and modification of carbon phases and the authot's capacity for creative
evaluation and analysis. Also, he is familiar with the basic methods of analysis of these
materials, which is essential in the interpretation of the obtained results.



The main goals of the work are directed to an optimization of existing methods and
development of new ones, for effective modification and creation of carbon nanoscale phases.
The approach to accomplish these goals includes experimental studies of chemical reactions of
carbon phases as a potential method for their functionalization. Another approach is the use of
laser interaction with carbon colloidal systems, which can lead to functionalization and
formation of new phases. A theoretical quantum-chemical model (CP2K) was also applied,
enabling the simulation of basic characteristics of carbon atomic systems and the energy
characteristics of chemical reactions with them. The method is known and its adequacy in
describing carbon structures has been proven by other authors. The proposed approaches are
adequate for the effective implementation of the set tasks and have the potential to obtain new
knowledge on the problems under consideration.

Research that has a contributing character is presented in Chapter 3. In several subsections, two
main methods are presented: modification of graphite and carbon black through their interaction
with acetone, toluene and phenol; application of the method of pulsed laser irradiation on
colloidal systems containing microcrystalline graphite and chemically treated carbon blacks for
functionalization and obtaining new nanosized carbon phases. The second method was further
developed and, in contrast to the "classical" irradiation geometry, different ones were also
applied. The obtained materials are analyzed in detail based on standard methods, such as XPS,
SEM, TEM, EDS, XRD (and one at high temperature), SAED, AES, Raman spectroscopy.

It was established that the chemical treatment of the studied carbon phases (two types of
commercial micro-crystalline graphite and carbon black) with the specified reagents leads to
functionalization related to the formation of carbon-oxygen, -hydroxyl and -hydrogen bonds.
Interaction with carbon black can lead to the formation of new phases of multi-layer graphene.
These effects are also accompanied by various structural and morphological modifications, such
as a change in the degree of crystallinity and the size of the initial phases. A relationship was
established between the ratio sp?/sp’ of hybridized carbon and the oxygen content of the treated
materials. The modification efficiency was evaluated depending on the structure of the initial
carbon phase. The experimentally realized reactions were also studied on the basis of the
theoretical model, and their energy characteristics were obtained. The presented detailed
analyzes of the received materials and the analysis of the results, using the results of other
authors, show the objectivity and credibility of the conclusions made by the doctoral student.
There is agreement between the results obtained from the theoretical model and the
experimental ones.

The method of pulsed laser processing of graphite microstructures in water was used to obtain
new carbon nanoscale phases. In this part of the work, experiments conducted under different
conditions regarding laser radiation (energy density, wavelength, irradiation time) and
irradiation geometry are presented. It has been demonstrated that changing the laser parameters
can affect the composition of the processed material, and phases such as defective graphene,
reduced graphene oxide, fullerenes and nanotubes can be detected in it. It was also found that
the laser treatment leads to amorphization of the starting micro-crystalline graphite. The method
was applied analogously to the treatment of aqueous solutions of carbon black. The results show
a high efficiency of modification, which includes a change in morphology, formation of
multilayer graphene, reduced graphene oxide. Results for the modification of the properties and
composition of graphite structures during irradiation in a quartz tube with a solution flow are
presented. In this regime, geometries where the laser irradiation is in the tube, in a drop outside



the tube and a drop in the tube are considered. In the first configuration, liquid flow is possible,
which defines a potential opportunity to obtain larger quantities of processed material. The
obtained material consists of nanosized carbon phases - graphene, graphene oxide and reduced
graphene oxide, fullerenes and amorphous carbon. In the other two droplet processing
configurations, analogous phases were obtained. The role of the laser parameters and in some
cases the "aging" of the initial suspension on their structure and composition were investigated.
Functionalization of carbon blacks with chlorine is shown as an additional example of obtaining
composite carbon phases. The presented detailed analyzes of the obtained materials and the
comparison with the results of other authors confirm the reliability of the obtained data.

The main contributions achieved within the framework of the dissertation work can be defined
as: development of new methods for obtaining materials; obtaining and proving new facts; and
enriching existing methods with new results. They are related to the development of a laser-
based method for obtaining colloidal systems of carbon nanoscale phases in flow mode in a
quartz tube. This method has the potential to obtain these materials with high efficiency in terms
of production speed and quantity. The scientific value is determined by the detailed analyzes
and experimental conditions, which can be easily used in the analysis and preparation of carbon
nanostructures and by other methods. Different types of source materials are considered in the
work, and the obtained results are often presented in a comparative interpretation. This is
important and useful for understanding the fundamental picture of the properties of carbon
phases. From an applications perspective, contributions can be sought based on a methodology
to obtain materials with wide application in a number of industries. The topic developed by the
doctoral student has potential for development, both in terms of the proposed methods for
functionalization and formation of carbon nanostructures, and in the direction of obtaining
materials with desired properties for specific applications.

I know the doctoral student and parts of his work, which gives me reason to believe that he has
a significant personal contribution in the conduction of the experiments, the analyzes of the
materials and the interpretation of the obtained results.

The dissertation includes 3 publications in which the doctoral student is a co-author. Two are
in journals with an impact factor - Journal of Chemical Physics and Surface and Interfaces. One
of the publications is in a journal with impact rank - Journal of Physics: Conference Series. In
it, the doctoral student is the first author. The first two publications are from the Q1 quartile,
with an impact factor above 4. They present the two main directions of experimental work,
which are considered in the dissertation - chemical modification of graphite and carbon black
and laser treatment of graphite and carbon black. I believe that the high level of publications is
proof of quality work and modern subject matter. 4 participations in international conferences
are indicated. So far, the first two works have been cited once each.

The presented scientometric data satisfy the requirements of the ADASRB, the Regulations for
the conditions and procedure for acquiring scientific degrees and for holding academic positions
in the Bulgarian Academy of Sciences and the Regulations, requirements, conditions, rules and

decisions for candidates for acquiring scientific degrees and holding academic positions in IE-
BAS.

The abstract of dissertation is prepared according to the requirements and reflects the main
results of the dissertation.



Critical notes and questions

My overall impression is that the thesis is clearly written. However, there are some technical
issues that should be noted.

There is a literature citation that does not follow the numbering. For example, page 8, literature
89, 90 is cited, and the previous one is 1.

There is a discrepancy in the indication of figures and tables in the text and their actual
numbering. For example, page 66, fig. 31 in the text, is actually 27; page 67, table 1 and fig. 2
it is not clear who they actually are.

It is not accepted in laser physics to call wavelength as wavenumber. (p. 104)

The experimental conditions given on page 72 are vague, especially the setting of ranges of
energy densities.

The results for the functionalization of carbon blacks with chlorine are presented very briefly,
without explanations and labels in the figures. This reduces the value of these results.

Questions:

1. Some basic features of the methods used should be discussed and if any evidence is obtained
to show it. They concern repeatability of results; how the productivity of the methods is
evaluated ("high yield of modified carbon phases", p. 125); to what extent are the processes of
oxidation and formation of new phases controllable?

2. On the basis of the conducted research, can specific conditions be given under which to
obtain a colloid with a certain, as close as possible to the desired, composition?

3. Can desired phases be separatéd by subsequent methods for higher selectivity?

Conclusion

Based on the above, I believe that the dissertation work "Modification and characterization of
carbon phases" with author Dimitar Angelov Dimov, contains significant contributions of
importance to science and practice in the field of preparation, modification and analysis of
carbon nanoscale phases. The doctoral student has acquired specific skills, knowledge and
scientific experience necessary for the scientific degree "doctor". His scientometric data satisfy
the requirements of the ADASRB, the Regulations for the conditions and procedure for
acquiring scientific degrees and for holding academic positions in the Bulgarian Academy of
Sciences and the Regulations, requirements, conditions, rules and decisions for candidates for
acquiring scientific degrees and holding academic positions in IE-BAS. T express positive
assessment of the dissertation work and my opinion to award the educational and

scientific degree ""doctor" to Dimitar Angelov Dimov in professional field 4.1. "Physical
Sciences''.

05.10.2023 Prof. N. Nedyalkov



