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Abstract—In this work, the kinetics of the growth of austenite grains upon heating, the features of the 
processes of dynamic and static recrystallization occurring at various temperature-deformation modes of 
plastic deformation are investigated. Phase transformations have been studied during continuous cooling 
of hot-deformed austenite in low-alloy “Arc”-steel with a yield point of at least 420 MPa. The studies car-
ried out made it possible to determine the thermal deformation parameters that ensure the formation of a 
finely dispersed homogeneous ferrite-bainitic structure, on the basis of which technological recommenda-
tions for industrial production were developed and sheet products were manufactured. Presented are the 
structure and properties of sheet metal from shipbuilding “Arc”-strength category 420 MPa. 

Keywords: low-carbon low-alloy shipbuilding “Arc”-steel, thermo-mechanical treatment, vacuum etch-
ing, austenite grain size, Gleeble 3800, dynamic recrystallization, static recrystallization, phase transfor-
mations, sheet metal, structure, properties 
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Abstract—The manufacturing technology was tested and the quality study of super-thick sheets made of 
high-strength structural cold-resistant steel AB2R made from large ingots was carried out. Ingots are 
poured with siphon using modern pouring and heat-insulating mixtures while protecting the metal with 
argon. The use of the developed technology for casting large ingots together with the use of out-of-
furnace refining and metal modification with aluminum and calcium provides a high level of quality of su-
per-thick rolled products. 

Keywords: large forging ingot, siphon casting, inoculation, super-thick rolled stock, quality, mechani-
cal properties, impact strength, non-metallic inclusions 
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Abstract—Using optical and confocal laser microscopes it was shown that dry sliding of structural steel 
against hardened steel under electric current of density higher 250 A/cm2 was accompanied by the forma-
tion of composite tribolayers. By X-ray phase analysis of the surface layers of the sample and counterbo-
dy was shown that they contain α-Fe, γ-Fe, and FeO. It is noted that the self-organization of the tribosys-
tem under conditions of dry sliding under electric current can be represented as a hierarchy of structural 
states of the surface layers of contacting materials. It was found that the nominal sample area had two 
sectors. The character of the contact interaction in the sectors differs from each other. 

Keywords: self-organization of the surface layers, structural hierarchy of tribolayers, sliding electrical 
contact, sliding surface, phase composition of tribolayer, wear mechanism 
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Abstract—The article presents the results of studies of compositions of intermetallic nickel alloy based 
on casting single-crystal rhenium containing VKNA-25 grade alloy for the manufacture of parts by the me-
thods of additive technologies. It is shown that an increase in the carbon content, as well as carbide-
forming elements, while observing the known conditions for the balance of chemical and phase composi-
tions, made it possible to find the composition of the material for which the patent of the Russian Federa-
tion was obtained. 

Keywords: intermetallic nickel alloy, additive technologies, single crystal, strength, carbide, heat 
treatment, experiment 
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Abstract—The work studies effects of temperature – time parameters of homogenizing annealing and 
related structural changes on the content of δ-ferrite in high-chromium martensitic steel grade 
07Kh15N5D4B, obtained by selective laser alloying. It is shown that homogenizing annealing at a tem-
perature of 1150°C with a holding time for 8 hours reduces the content of δ-ferrite, eliminates the cellular 
structure, and also increases the strength properties of the above-mentioned steel. 

Keywords: high-chromium martensitic steel, selective laser alloying, homogenizing annealing,  
δ-ferrite content 
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Abstract—The problem of obtaining priming materials from Ni-W alloys arose in connection with the de-
velopment of technology for casting single-crystal turbine blades of gas turbine engines (GTE) from high-
temperature alloys. This technology uses a seed method for producing single-crystal castings with a crys-
tallographic orientation [001] using seedings from alloys of the Ni-W system with a melting point 120–
140°C higher than the casting alloy. The use of such primers greatly simplifies the casting process of tur-
bine blades with a single-crystal structure, increases its reliability both in pass-through furnaces of the 
PMP-2 type and in high-gradient furnaces of the UVNK-9A type. The article presents the results of the 
study of the influence of temperature-velocity parameters of directional crystallization, namely, the tem-
perature gradient GZ on the structure of the obtained single-crystal seed blanks, as well as the study of 
effects of tungsten and carbon on the structure of single-crystal seed blanks, and makes recommenda-
tions for optimizing the technological process of single-crystal casting of Ni–W seed blanks adjusting the 
alloy composition for the seed blanks. 

Keywords: seed, seed blank, single-crystal structure, crystallographic orientation, growth gradient 
GZ, misorientation, banding 
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Abstract—The paper proposes a method for preparing composite powders of the Ti/TiB2 system, studies 
the properties of the obtained composite powders, and also shows a series of experiments on its micro-
plasma spraying. The properties of the sprayed coatings were investigated. On its basis the optimal ratio 
of the matrix and reinforcing components was established in order to increase significantly the hardness 
of the sprayed coatings. 
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Abstract—This article presents the results of experimental studies of alloys of the Ni–Cr–Mo–Be–Re–Zr–
Hf–Nb system for creating functional wear-resistant coatings on their basis by the method of microplasma 
spraying. The coating works efficiently in a wide range of positive (up to 1100°C) and negative (up to mi-
nus 196°C) temperatures. 
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Abstract—The work studies development process of a composite powder of the aluminum – silicon ni-
tride system and sprayed coatings using the mechanism of the formation of composite granules and the 
distribution of a hardening phase of the Sialon type in them. Various modes of powder composite mecha-
nosynthesis are studied. The results of determining the hardness, chemical composition and distribution 
of elements in the resulting coating are given. 
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Abstract—The article presents the results of experimental studies on the creation of an optimal alloy 
composition of the Zr–Nb–Sn system for obtaining corrosion-resistant coatings using the technology of 
supersonic cold gas-dynamic spraying. Practical recommendations are given on the use of the developed 
coating in precision engineering products. 

Keywords: corrosion resistance, alloy melting, supersonic cold gas-dynamic spraying, microhard-
ness, precision engineering 
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Abstract—The results of comprehensive studies on the development of an innovative technology for mi-
croplasma spraying of catalytically active systems based on nickel –aluminum intermetallic compositions 
are presented. A batch of high-capacity chemical current sources based on these compositions with a 
mass energy level of up to 250 Wt h / kg has been manufactured and tested. 
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Abstract— The article presents the results of a comprehensive study of the modes of laser processing 
during the formation of a coating on nickel-aluminum bronze using nickel powders. The coating was ob-
tained in two stages. At the first stage, a precursor coating of the powder material was applied by cold 
spraying, at the second stage, its surface treatment with a laser was performed. The change in the com-
position and properties of the coating is shown depending on the processing modes and the thickness of 
the precursor coating, as well as the modes of laser processing. 
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Abstract—At the article of mechanism the electrochemical formation of WO3 films on the surface of tita-
nium, tin and ITO-electrodes is investigated under various regime, including the deposition time τ = 2000–
8000 s, the electrochemical potential of deposition on the cathode in the range from –0,4 to –1 V. A tech-
nique for the synthesis of peroxytungstic acid and a method of cathodic electrodeposition are presented. 
The studies carried out with tin and titanium extend the field of application of WO3 films to technologies of 
chemical current sources and fuel cells. 

Keywords: peroxytungstic acid, electrochemical deposition, chronoamperometry, cyclic voltammetry 
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Abstract—The paper presents results of the study of the effect of doping with yttrium oxide on ceramics 
of the composition (γ + θ) Al2O3 + nY2O3 (n = 0, 1, 2, 3 wt%), sintered at 1550°C for 2 h, from powders of 
the specified composition annealed at temperatures of 500 , 800, 1000°С. X-ray diffraction analysis es-
tablished the formation in ceramics of yttrium aluminum garnet Y3Al5O12 (YAG) and a metastable phase of 
the same composition with a tetragonal lattice type in powders at temperatures above 1200°C. The effect 
of YAG on the physical and mechanical properties was established: high properties were demonstrated 
by ceramics of the composition θ-Al2O3 + 2wt% Y2O3, obtained from a powder annealed at 1000°C. In 
addition, high physical and mechanical properties were observed in ceramics of the composition θ-Al2O3 
+ 0wt% Y2O3, obtained from a powder annealed at 800°C. The effect of the so-called “mutual protection 
against crystallization” was discovered, which consists in the mutual inhibition of crystallization processes 
in powders of the Al2O3–Y2O3 system. 

Keywords: aluminum oxide, yttrium oxide, phase composition, structure, yttrium aluminum garnet, 
physical and mechanical properties 
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Abstract—To increase the service life of the gear teeth made of steel 20, operating under high shock 
loads, their main surfaces were subjected to high-temperature diffusion metallization, namely, chromium 
plating with high-frequency currents. As a result of diffusion metallization, the surface hardness increased 
5.1–5.4 times – from 156–159 HV to 800–866 HV, and the strength level 3.3 times – from 250 to 820 
mAh. Optimal parameters for the diffusion metallization: current I = 0.25–0.3 kA, power Pe = 8–10 kW, 
hardening τ = 8–10 min. By the method of scanning electron microscopy, it was found that after diffusion 
saturation of the surface of the gear teeth with chromium, the steel has a homogeneous structure with 
clearly pronounced transition layers, the average thickness of the diffusion layer was 0.06 mm. Energy 
dispersive analysis showed that after diffusion metallization with chromium powder, the basic composition 
of the steel remained constant, only the qualitative ratio of the components changed. X-ray phase analy-
sis revealed the presence of an αFe-phase with the incorporation of Cr on the surface of the sample. 

Keywords: steel, hardening, diffusion layer, gear, saturation, tooth, chrome plating, surface 
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Abstract—The work is dedicated to the effects of climatic factors on polyethylene terephthalate (PET) in 
terms of changes in the structure and interaction of polymer molecules. The kinetic concept of the 
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strength of PET has been developed, and the factors influencing the strength have been considered.  
Effects of moisture, thermal oxidative destruction, and UV-radiation on the structure of PET have been 
investigated. Polymers’ properties predicting, durability and their computer modeling have been analyzed. 
A model of changes in PET properties under the influence of temperature, moisture and UV-radiation was 
constructed using the methods of a full factorial experiment. It has been shown that in the initial period of 
exposure, adsorption and diffusion of moisture, hydrolysis and surface oxidation occur; prolonged and 
constant exposure to UV-radiation break the bonds formed by moisture, then the C–C and C–O bonds in 
the PET molecule brake and new intermolecular bonds are formed. In the amorphous state of PET, the 
breaking of bonds in the polymer chain and the formation of bonds between two adjacent polymer chains, 
the formation of more densely packed nodes, the destruction of the polymer and its aging, are equally 
probable. Temperature has a secondary effect, facilitating both hydrolysis and oxidation and polymer de-
gradation. 

Keywords: polyethylene terephthalate, climatic factors, temperature, UV-radiation, humidity, polymer 
aging, full factorial experiment 
DOI: 10.22349/1994-6716-2021-106-2-146-160 
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Abstract—The paper presents the results of study, which considered relationship between supramolecu-
lar structure and strength of polypropylene pipes joints obtained by socket welding with heated tool at var-
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Abstract—The impact of hydrogen sulfide raw materials on steel equipment and pipelines is associated 
not only with corrosion processes, but also with the hydrogenation of used carbon and low-alloy steels. 
This can lead to the loss of their strength properties and the subsequent destruction of equipment operat-
ed under conditions of increased operating pressures. Such corrosive-mechanical effects associated with 
the penetration of hydrogen into steel are the most dangerous from the point of view of the safety and 
reliability of the operation of facilities for the production of hydrocarbon fluids. The effect of H2S on the 
main types of structural steels was investigated according to the results of autoclave tests. The formation 
of blistering (blistering) and cracks on the surface of steels due to the effect of hydrogen on the steel was 
recorded. A study of the phase composition of corrosion products and their possible effect on the 
processes of corrosion and hydrogenation of steel has been carried out.  
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Abstract—Reference X-ray images of defects in castings and welded joints have been used for many 
years in X-ray radiation inspection. With the transition to digital technologies, and the use of flat-panel 
detectors instead of radiographic film, the problem arose of creating reference digital images. Comparison 
of the digital image of the reference sample with the digital image of the test object can be carried out us-
ing software, which completely or partially excludes the subjective assessment of the operator, makes it 
possible to view doubtful areas of the image with magnification and without loss of contrast, automatically 
show the size of the defect, its intensity distribution by volume of the casting. All this makes the control 
more objective and productive. The reference images in the detector’s memory do not undergo the aging 
and degradation typical of X-ray images, and there is no need to replicate them.  
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