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 General description of the work 

 This dissertation is devoted to experimental investigations of the formation 

processes of composite coatings with enhanced functional properties produced by 

electrochemical methods, as well as to the study of crystal formation mechanisms 

within chromium-graphene coatings and binary alloys based on nickel and cobalt. 

 Relevance of the research topic 

 It is well known that many functional properties, such as corrosion resistance and 

wear resistance, are not always required throughout the entire volume of machine 

parts and equipment. However, these properties are critically important in the surface 

layers of structural components, where they significantly contribute to extending the 

service life and durability of devices and industrial equipment. Among the most 

effective protection methods, composite electrolytic coatings (CECs) occupy a 

leading position. These coatings consist of metallic matrices structured with dispersed 

particles, as well as binary alloy coatings, which enable targeted modification of 

surface properties and improved operational performance. 

 Purpose of the dissertation 

 To develop, optimize, and characterize electrochemically synthesized metal 

and  alloy-based composition coatings (Chromium-Graphene, Nickel-Copper, 

Cobalt-Vanadium), and to establish their structure-property relationships in terms of 

functional characteristics. 

 To achieve this objective, it is necessary to carry out these research tasks: 

 ● To design and optimize electrochemical deposition parameters (electrolyte 

composition, pH, current density, temperature) for producing uniform and adherent 

metal and alloy-based composite coatings on various substrates and to investigate the 

influence of electrochemical synthesis conditions on the nucleation, growth, and 

microstructural evolution of the coatings. 

 ●   To characterize the morphological, structural, and compositional features of 

the deposited coatings using SEM/EDS, XRD, AFM, and related surface analytical 

techniques and to evaluate key functional properties of the coatings such as hardness 

and corrosion resistance and how they correlate with the synthesis parameters and 

microstructure. 

 ● To establish structure-property relationships that explain how 

electrochemical synthesis routes affect the coating quality and functional 

performance and to propose optimized electrochemical strategies for producing high-

performance protective and functional coatings suitable for industrial applications. 

  

 



 Research methods 

 The composition and microstructure of the electrolytic coatings were studied 

using optical metallography, spectrometric and X-ray diffraction analysis, scanning 

electron microscopy, and atomic force microscopy. Potentiodynamic methods as well 

as electrical resistance measurements were used to study corrosion properties while 

mechanical properties were studied using microhardness measurements. 

Mathematical modeling of the electrolytic coating formation process and prediction 

of functional properties were conducted based on the laws of electrochemistry in 

electrometallurgy. 

Object of the research  

The process of formation of microstructure and functional properties of 

composite electrolytic coatings based on chromium, nickel and cobalt under the 

influence of temperature and current density.  

Subject of the research 

Electrodeposited chromium-graphene, nickel-copper and cobalt-vanadium metal 

and alloy-based composition coatings. 

 Novelty of the dissertation 

 A comprehensive study has been carried out on the processes governing 

microstructure formation and physicochemical properties of chromium-based 

composite coatings structured with graphene, as well as composite electrolytic 

coatings from binary Ni-Cu and Co-V alloys obtained by electrochemical synthesis 

on AISI 304 steel substrates. 

 A new approach to controlling crystal size in binary Co-V systems has been 

developed, based on variation of current density and deposition modes (direct current 

and pulsed) for multicomponent coatings. As a result of this, a new electrolyte was 

developed, and a utility model patent titled Method for Depositing Cobalt-Vanadium 

Alloy” was obtained (Republic of Kazakhstan Patent No. 11879, dated March 6, 

2026). 

 For the first time, the mechanisms of co-deposition of nickel with copper and 

cobalt with vanadium into alloys have been established, and the influence of 

electrolyte composition and deposition regimes on component content, structure, 

properties, and efficiency of the electrodeposition process for Ni-Cu and Co-V 

coatings has been substantiated. 

 Based on quantitative analysis of experimental data on oxidation kinetics, as well 

as the results of physical and mechanical property tests, a phenomenological model 

describing the formation of the microstructure of chromium-graphene composite 

coatings has been proposed. 

 Main provisions for defense 

 1. The morphology, microhardness, and content of the dispersed phase in the 

synthesized chromium–graphene electrolytic coatings are determined by the 

deposition temperature. This is manifested in the formation of a nanocrystalline 

structure (25–26 nm) at deposition temperatures of 288–303 (±2) K, a nanocrystalline 

structure (19 nm) at 318 (±2) K, and a cracked and microporous structure at 303 (±2) 

K. 



 2. In coatings consisting of binary Ni–Cu alloys, control over crystal size, grain 

texture, and porosity can be achieved by varying the current density, thereby enabling 

the purposeful formation of nanocrystalline and amorphous–crystalline structures and 

optimization of mechanical properties and corrosion resistance for specified operating 

conditions. 

 3. The corrosion-electrochemical and mechanical characteristics of composite 

electrolytic coatings based on binary Co-V alloys depend on the deposition mode 

(direct current or pulsed). An increase in the content of the refractory component is 

associated with an increase in current efficiency and with the chemical reduction of 

vanadium during the pause period under pulsed electrodeposition conditions. 

 Scientific and practical significance of the dissertation 

 The dissertation was carried out within the framework of a grant-funded project 

of the Ministry of Science and Higher Education of the Republic of Kazakhstan for 

2024–2026, IRN No. AP23484310, “Composite coatings from binary and ternary 

alloys and hetero-oxide compounds with tailored functional properties”, under the 

priority area “Energy, Advanced Materials, and Transport”. It contributes to the 

development of Kazakhstan’s potential in the field of materials science by 

investigating electrochemical methods that are scalable, cost-effective, and suitable 

for integration into national industries. 

 The dissertation reflects priority areas outlined in the strategic documents of the 

State Program for the Development of Science of the Republic of Kazakhstan. This 

program emphasizes the development of materials science, the creation of new 

materials, and the implementation of advanced technologies as key priorities. The 

research conducted in this dissertation makes a direct contribution to the development 

of high-performance protective and functional coatings, the advancement of energy-

efficient and environmentally friendly material modification technologies, and the 

strengthening of the scientific foundation for industrial innovation. 

 Reliability and validity of the results 

 The validity of the results of the dissertation work is confirmed by publications 

in national and international peer-reviewed journals with high impact factors. 

 Doctoral student's contribution 

 The doctoral student’s personal contribution, under the guidance of scientific 

consultants, includes setting the goals and objectives of the research work, 

conducting research, cooperating with colleagues, processing and analyzing results, 

formulating conclusions, and writing articles. 
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