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The general description of work. The dissertation is devoted to the study of
the production of calcium hydroxyapatite, which is a mineral component of the bone
structures of the human skeleton, and its physicochemical properties, as well as the
experimental study of the application of the obtained product in such areas as 3D
printing and the process of electroforming of nanosized polymer fibers.

The relevance of the research topic. Today, modern advances in
nanotechnology are widely used in various fields of human activity. Materials on a
nanometer scale have unique physicochemical properties, namely electrical,
mechanical, optical, catalytic, and magnetic. They are of great interest in their
potential applications in biomedicine, particularly in regenerative medicine and
targeted drug delivery. Tissue engineering or regenerative medicine is an
interdisciplinary field that combines the achievements of various fields of science,
including nanotechnology, to develop and create biological systems used to restore
or maintain the function of human tissue. The application of nanotechnology in
tissue engineering can be divided into several directions:

. transplantation of cells/tissues into damaged areas of the body

. the introduction of substances that have a positive effect on the growth and
restoration of cellular structures

. the creation of biological scaffolds containing cellular structures (e.g., stem
cells, osteoblasts)

However, at the present stage of development, the use of nanotechnology and
nanomaterials in biomedicine requires detailed studies of the materials used and
methods for their preparation; it should be noted that the complexity of the synthesis
of nanomaterials and their high cost also significantly limit their widespread use in
medicine.

To solve these problems, the dissertation shows the promise of using calcium
hydroxyapatite (HAP), which was synthesized by chemical deposition, in such areas
as 3D printing technology and the process of electroforming nanoscale fibers by
obtaining biological scaffolds based on HAP. Biological scaffolds based on
polymers and crystalline HAP powder have great potential due to an excellent
combination of properties: biocompatibility of HAP and polymers' mechanical
strength. The successful combination of various properties of polymers with the



biological properties of HAP will lead to tissue engineering development, which will
allow the use of HAP-based composites in medicine. Polycaprolactone was chosen
as the polymer since this polymer is biodegradable, non-immunogenic, non-
carcinogenic, and non-toxic with excellent biocompatibility, making it possible to
use it to obtain composite films that are widely used in the field of tissue engineering.
Its chemical and biological properties, such as biological compatibility and
mechanical strength, make it possible to implant hard tissues in the body, where
healing also takes a long period.

Among the existing methods, the electroforming method and 3D printing
technology are promising directions for the manufacture and study of biological
scaffolds used in tissue engineering, due to the ability to obtain them with unique
characteristics such as a high surface area to volume ratio, high porosity with small
pore sizes, and improved mechanical properties. Moreover, the ability to quickly
resorb in a biological environment. All other manufacturing methods have
limitations in terms of the materials used, and they are laborious and complex
processes. With the help of 3D printing technology, it has now become possible to
create replacements of individual elements of the human body based on
nanostructured materials, and, possibly, shortly, using 3D printing, it will be possible
to obtain individual organs such as the heart, kidneys, lungs, etc.

This technology for obtaining nanostructured materials is actively used in
modern medicine. It is carried out in several stages: first of all, the selection and
synthesis of materials that will satisfy all the conditions of biocompatibility, and
secondly, the development of technology for the use of the obtained materials in 3D
printing and the method of electroforming of nanoscale fibers, allowing to obtain
materials with certain physical and chemical characteristics.

All this indicates the need to conduct a study of HAP's physicochemical
properties with its subsequent use in various fields of medicine. The use of the
obtained HAP in additive technology in Kazakhstan will lead to the development of
priority areas of science and technology in nanomaterials, nanotechnology, and
medical equipment.

The purpose of the work. The purpose of this thesis is to obtain calcium
hydroxyapatite, with specified physicochemical and biological properties, and
composites based on it, for their use in electroforming technologies and three-
dimensional printing / 3D printing.

The tasks of work. In order to achieve the assigned aim, the following tasks
were solved:

- to synthesize nanostructured HAP according to a modified technology,
which has physicochemical properties close to the inorganic component of solid
human bone tissue; to study the physicochemical properties and surface morphology
of the synthesized nanostructured HAP;

- to form and investigate biologically soluble film-frames based on polymer
fibers with the addition of nanostructured HAP, obtained by the method of
electroforming;



- to simulate the process of movement of nutrients in the porous structure of a
three-dimensional framework with the addition of nanostructured HAP.

The main provisions for the defense:

- The heat treatment temperature can effectively control the phase
composition and physicochemical properties of the synthesized HAP;biologically
soluble films and scaffolds based on polymer nanoscale fibers with the addition of
HAP for tissue engineering, obtained by electroforming method;

- The spatial orientation of polymer fibers modified with nanostructured
HAP can effectively control the direction of the electric field strength;glucose- based
nutrient diffusion rate in the porous structure of HAP;

- The speed of propagation of motion through a 3D printing with different
porosities, consisting of a composite polymer, is determined by the speed of rotation
of the framework in a plane perpendicular to the direction of fluid movement, which
Is essential both when creating a framework using 3D printing / 3D printing and for
the growth of cell structures.

The object of study is HAP powder containing nanoparticles with different
phase composition and composites based on it.

The subject of study Physicochemical properties of HAP and composites
based on it.

The Research Methods. During solving the tasks, which is necessary to
achieve the assigned aim, the following research methods were used: X-ray phase
analysis (XRD), scanning electron microscopy (SEM), a method for determining the
specific surface area, and determining the physical and mechanical characteristics of
the materials obtained.

The scientific novelty of the research. In the work the following results were
obtained for the first time:

- It has been established that the phase composition (ratio of the amorphous
and crystalline phases) of the HAP powder and its physicochemical properties are
determined by the heat treatment temperature of the synthesized crystalline HAP;

- For the first time, it was found that the orientation of polymer fibers
modified with nanostructured HAP when produced by the method of electroforming
is determined by the direction of the electric field strength;

- Using computer simulation methods, it has been shown that the speed of
fluid movement in a 3D printing, consisting of a composite polymer, is determined
by the rotation speed of the 3D printing.

The theoretical significance. The theoretical significance of the work lies in
the fact that it developed a model of the movement of nutrient fluid in the porous
structure of 3D frameworks, which considers the parameters of both polymer and
HAP powder, which allow predicting the properties of the grown tissue. The
theoretical significance is confirmed by the fact that the results obtained within the



framework of the proposed model can be applied not only for frames with the
addition of HAP but also for composite frames based on various materials.

The practical significance. The paper proposes a method for obtaining HAP
powder with different phase compositions. The revealed in this work the possibility
of controlling the orientation of composite polymer fibers obtained by the method
of electroforming is an essential parameter for cell structures' growth. The revealed
in this work the ability to control the speed of movement of the nutrient fluid in 3D
scaffolds with different porosities is important when creating tissues with desired
properties.

Relationship with research and government programs. The work was
carried out in the framework of the scientific project “Creation and Organization of
the 3D Printing Scientific Center”, funded under the program-targeted funding of
grants, No. 0268/PTF by the Committee of Science of the Ministry of Education and
Science of the Republic of Kazakhstan (2015 - 2017).

The approbation of work. Materials of the thesis were reported and discussed
at various international, republican conferences and symposia:

- PJISCP 2015. VIII Proceedings of the Joint International Symposium
Combustion and Plasmochemistry (Almaty, Kazakhstan, September 16-18, 2015);

- IX International Symposium “Physics and Chemistry of Carbon Materials /
Nanoengineering” and “Nanoenergy Materials and Nanoenergy” (Almaty,
Kazakhstan, 2016);

- The world conference on Carbon: Common fundamentals, remarkably
versatile applications (Pennsylvania, USA, 10-15 July 2016).

The personal contribution of the author lies in the setting of research
objectives, performing theoretical and experimental research, discussion and
generalization of the results.
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The patent for utility model No.3650 of the Republic of Kazakhstan “A method
for producing fine hydroxyapatite” was obtained (published on February 15, 2019,
Bull. No. 7).

The volume and structure of the work. The thesis is presented on 88 pages
of printed text, includes 25 figures and 13 tables. The work consists of introduction,
3 sections, conclusion, list of references including 117 sources and 3 annexes.
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