
 

© 2023  
   NRC “Kurchatov Institute” – CRISM “Prometey”  
   http://www.crism-prometey.ru   

Scientific and Technical Journal 
“Voprosy Materialovedeniya” 

 
 

SCIENTIFIC AND TECHNICAL JOURNAL "Voprosy Materialovedeniya", 2023, № 4(116) 
 

CONTENTS 
METALS SCIENCE. METALLURGY 
Sych О.V., Korotovskaya S.V., Khlusova E.I., Petrov S.N., Belikova Yu.А. Influence of production tech-
nology of thick plate rolled from shipbuilding steel of strength level 500 on structure parameters and work-
ability characteristics at low temperatures ................................................................................................. 7 
Kurteva K.Yu., Yakovleva E.A., Fedoseev M.L., Zisman A.A., Khlusova E.I. Effect of hot rolling mode on 
crystallographic texture and mechanical properties of directly quenched bainitic steel ........................... 20 
Timofeev M.N., Brudnik S.V., Pichkhidze S.Ya. Hardening and improving the corrosion resistance of car-
bon steel 45 with thermal chemical treatment .......................................................................................... 32 
Ganiev I. N., Rakhimov M.R., Otadzhonov S.E., Ismoilova M.Kh., Khudoyberdizoda S.Yu. Influence of 
lithium on the temperature dependence of heat capacity and thermodynamic functions changes in AK1 
alloy based on high-purity aluminum ........................................................................................................ 42  
Sennikova L.F., Gangalo A.N., Volkova G.K., Klimova E.Kh. Regularities of formation of microstructure 
and mechanical properties of copper m1 under combined plastic deformation ....................................... 50 
FUNCTIONAL MATERIALS 
Gorunov A.I., Morozov V.V., Guseva D.V., Kudimov O.V. Study of structure and properties of a new po-
rous composite material obtained by direct laser deposition ................................................................... 59 
Tit M.A., Yulmetova O.S., Scherbak A.G., Andreeva V.D., Kim A.E. Formation of functional niobium binary 
fine structures ........................................................................................................................................... 69 
Bobkova T.I., Bystrov R.Yu., Vasiliev A.F., Gerashchenkov D.A., Farmakovsky B.V. Development of tech-
nology for obtaining nanostructured composite coating of Kh20N80–Cr–TiC ......................................... 82 
Tapyev S.A., Dyakonov A.A., Okhlopkova A.A., Vasiliev A.P., Danilova S.N., Lazareva N.N., Kychkin A.K., 
Tuisov A.G., Vinokurov P.V., Spiridonov A.M., Struchkov N.F., Anisimov E.E. Studying the effects of the 
butadiene rubber and nitrile butadiene rubber ratio on the elastomers properties .................................. 89 
Tyurina S.A., Karzakova V.S., Demin V.L., Chavushyan S.L. Study of the possibility of application of opti-
cally transparent epoxy resins for restoration of vitric enamels ............................................................... 99 

POLYMER STRUCTURAL MATERIALS 
Kurnosov A.O., Slavin A.V., Gunyaeva A.G., Kapustianskaia M.A., Gulyaev A.I. Effects of external influ-
encing factors on the microstructure and physico-mechanical characteristics of glass-reinforced polymer 
composite material based on polyimide binder ...................................................................................... 108 
Klimenko O.N., Valueva M.I. Polymer composite materials and technologies used in sports industry:  
a review .................................................................................................................................................. 119 
Vasiliev A.P., Lazareva N.N., Okhlopkova A.A., Struchkova T.S., Alekseev A.G. Influence of different 
types of counterbodies on tribotechnical properties of polytetrafluoroethylene ..................................... 133 
Alexandrova D.S., Zlobina I.V., Egorov A.S., Anisimov A.V. Influence of unfavorable climatic factors char-
acteristic of the arctic zone on the properties of polymeric materials and composites: a review .......... 144 
WELDING, WELDING MATERIALS AND TECHNOLOGIES 
Aldaiee Y., Karkhin V.A., Khomich P.N. Influence of physical properties of weld metal on hydrogen diffu-
sion into the heat affected zone of heterogeneous welded joints .......................................................... 169 
Gribanova V.B., Melnikov P.V., Gribkov O.I., Lukyanova N.A. Alloying systems for modern flux-cored wires 
for mechanized welding in shielding gases of high-strength shipbuilding steels ................................... 179 
Kiav Min Soe, Murzin V.V., German G.V. Mathematical modeling and prediction of values of partial indi-
cators of heat-exchange processes at underwater wet welding ............................................................ 187 
Kiav Min Soe, Murzin V.V., German G.V. Final assessment of multifactor experiments of heat transfer in 
the underwater wet welding .................................................................................................................... 193 
 

http://www.crism-prometey.ru/


 

© 2023  
   NRC “Kurchatov Institute” – CRISM “Prometey”  
   http://www.crism-prometey.ru   

Scientific and Technical Journal 
“Voprosy Materialovedeniya” 

 
 

CORROSION AND PROTECTION OF METALS 
Ganiev I.N., Odinaev A.Kh., Khozhaev F.K., Khozhanazarov Kh.M., Odinazoda Kh.O. Influence of alkaline 
earth metals on the corrosion-electrochemical behavior of lead babbit BKa, BSt, BBa (PbSb15Sn10)  
in NaCl electrolyte medium .................................................................................................................... 199 
RADIATION MATERIALS SCIENCE 
Margolin B.Z., Fomenko V.N., Shishkov F.L., Yurchenko E.V. On brittle fracture resistance determination 
of chromium stainless steel irradiated in ion accelerator ....................................................................... 208 
Erak D.Yu., Papina V.B., Zhurko D.A. Prediction of radiation embrittlement of VVER-1000 RPV welded 
seam material at lifetime extension up to 60 years and more ................................................................ 227 
Margolin B.Z., Pirogova N.E., Sorokin A.A., Kohonov V.I., Dub A.V., Safonov I. A. Study of stress corrosion 
cracking susceptibility of irradiated ferrite-martensitic stainless steel 07Kh12NMFB in supercritical water.  
Part 2. Development of corrosion crack identification technique and analysis of autoclave test  
results ..................................................................................................................................................... 245 
A list of articles published in the scientific and technical journal “Voprosy Materialovedeniya”  
in 2023 ................................................................................................................................................... 260 
Guidelines for authors of the scientific and technical journal “Voprosy Materialovedeniya”.  
Manuscript requirements .................................................................................................................... 264 
 
UDC 669.14.018.41:621.771.016 
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Abstract—The influence of manufacturing technology of low-alloy steel with yield strength not less than 
500 MPa on structure parameters has been studied. Under industrial conditions, two 50 mm thick sheets 
were produced by different technologies: 1) hot rolling followed by furnace quenching and high-temperature 
tempering; 2) quenching from rolling heating followed by high-temperature tempering. By means of optical, 
scanning and transmission electron microscopy the structural features of steel were revealed. Standard 
mechanical properties and low-temperature serviceability characteristics were determined. 

Keywords: high-strength steel, furnace quenching, quenching from rolling heating, rolled products, 
structure, lath martensite, granular bainite, lath bainite, properties 
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Abstract—The paper considers the effect of hot rolling mode on the structure, mechanical properties and 
crystallographic texture, as determined by EBSD, for a directly quenched thick plate of high strength bainitic 
steel. According to the obtained results, stronger strain hardening of austenite before the phase transfor-
mation leads to appearance of granular bainite and hence diminishes the final steel strength. 

Keywords: high strength bainitic steel, deformation mode of hot rolling, direct quenching, crystallo-
graphic texture, deformed austenite, lath bainite, granular bainite 
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Abstract—The issues of creating a hardening coating by plasma spraying of Ti powder on steel grade 45 
with subsequent cementation in pastes are considered. The properties of the resulting coating are studied 
by measuring the Vickers microhardness.  
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Abstract—The heat capacity of the AK1 alloy based on high-purity aluminum with lithium was determined 
in the cooling mode using the known heat capacity of the reference aluminum sample. By means of math-
ematical processing of cooling rate curves of samples from AK1 alloy with lithium and the reference sample, 
polynomials describing their cooling rates were obtained. Further, the polynomials of the temperature de-
pendence of the heat capacity of alloys, described by a four-member equation, were established using the 
experimentally found values of the cooling rates of samples from alloys and the standard, taking into ac-
count their mass. Using integrals from specific heat capacity, models of temperature dependence of en-
thalpy, entropy and Gibbs energy changes were established. It was found that the heat capacity of the 
alloys increases with rising temperature. The addition of lithium when the temperature is up to 600 K sig-
nificantly increases the heat capacity, and at temperatures above 600 K lithium in amounts of 0.5 wt. % 
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reduces the heat capacity of the initial alloy AK1. It is shown that lithium addition increases the enthalpy 
and entropy of the initial AK1 alloy and decreases the Gibbs energy value. 

Keywords: aluminum alloy AK1, lithium, heat capacity, cooling mode, enthalpy, entropy, Gibbs energy 
DOI: 10.22349/1994-6716-2023-116-4-42-49 
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Abstract—The influence of combined plastic deformation, including methods of intense plastic deformation 
and traditional metal forming, on the structure and mechanical properties of M1 copper was studied. It has 
been shown that combined processing helps to increase the dimensional uniformity of hardness across the 
cross-section of the workpiece and contributes to the refinement of microstructure elements. Thus, with an 
increase in the equivalent degree of deformation, the level of mechanical properties of M1 copper increases 
accordingly. 
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Abstract—The possibility of formation of porous materials for biomedical applications from VT6/Ta/Zr alloy 
by direct laser deposition has been shown. Varying the laser power allowed to obtain alloys with variable 
porosity. The modes providing formation of porous material with normal elasticity modulus corresponding 
to human bone were selected. It was found that the porosity value of 32% is achieved at the laser power of 
50 W, which meets the requirements, for example, for dental prosthetics. In the process of direct laser 
deposition of materials in VT6/Ta/Zr alloys with variable porosity tantalum particles do not melt and act as 
crystallization centers. Such conditions ensure the formation of a highly dispersed metal structure consist-
ing mainly of VT6 powders with evenly distributed Ta and Zr particles.  
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Abstract—Technological schemes of niobium carbide and nitride formation obtained by thermal and laser 
treatment are developed. The results of X-ray powder diffraction (XRD) analysis are in agreement with 
theoretical evaluations based on thermodynamic calculations proving the effectiveness of suggested ap-
proach. The perspectives of a practical application of the proposed technological solutions for the cryogenic 
gyroscope manufacturing technology are presented. 
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Abstract—The paper presents results of a comprehensive study on the development of technology for the 
production of composite nanostructured functional coatings based on the Kh20N80 – chromium – TiC sys-
tem using the supersonic cold gas dynamic spraying method. Composite coating powders are obtained by 
chromium plating of a matrix powder made of alloy Kh20N80 followed by the application of a reinforcing 
coating of TiC nanoparticles. The resulting coating has a high level of microhardness, modulus of elasticity 
and resistance to wear. A distinctive feature of the resulting coating is its reliable operation without destruc-
tion for a long time (more than 4800 hours). 

Keywords: nanocomposite, matrix powder, reinforcing powder, cold gas dynamic spraying, functional 
coating 
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Abstract—In this study the influence of the content of SKD-B butadiene rubber and BNKS-18 AMN nitrile 
rubber in the blend on the properties of the resulting elastomers is investigated. The combination of frost-
resistant and aggressive media resistant rubbers in the blend allows to adapt the properties of vulcanizates 
to the required operating conditions. The research revealed that the level of physical and mechanical proper-
ties, aggressive media resistance and frost resistance depend on the ratio of rubbers. The study of properties 
of elastomers revealed two glass transition temperatures and two thermal transitions at negative temperatures 
corresponding to nitrile-butadiene and butadiene rubbers. The phase morphology of elastomers, characteris-
tic for butadiene nitrile or butadiene rubbers in dependence on their ratio in the blend, was investigated by 
electron microscopy. Based on the developed elastomer, dust covers for CV-joints were produced. They were 
tested in real operating conditions in the temperature range from –52 to 33°C. 

Keywords: elastomeric materials, butadiene rubber, nitrile butadiene rubber, frost resistance, aggres-
sive media resistance, wear resistance, physical and mechanical properties 
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Abstract—Objects of decorative and applied arts of historical value, over time, undergo physical and me-
chanical changes caused by the influence of external factors. For example, vitreous enamels can lose their 
luster, crack, and archaeological objects can also suffer due to the corrosion processes of glass and metal 
base. Therefore, it seems an important task to develop approaches to the restoration of products with 
vitreous enamels. In the work on the results of the use of studies of optically transparent epoxy resins as a 
restoration material when working with objects of cultural investigation, which consists in the restoration of 
vitreous enamels. To assess the admissibility of using the material as a restorative, an accelerated test 
method was also developed and tested. 

Keywords: vitreous enamels, restoration, optically transparent resins, cultural heritage. 
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Abstract—The article presents the results of experimental studies of the effects of external influencing 
factors (natural exposure in climatic zones, such as a temperate climate and a climate with an industrial 
atmosphere, during accelerated climatic tests in a thermal humidity chamber, during thermal aging, expo-
sure in technical environments) on the microstructure and physical and mechanical characteristics of a 
glass-reinforced polymer composite material grade VPS-72 based on polyimide binder grade VS-51. The 
state of the surface of fiberglass samples after exposure was studied for 1 year. 
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Abstract—The article provides a review of scientific and technical literature, including Russian and foreign 
periodicals, patents for inventions in the field of creating products for the sports industry from polymer 
composite materials. The technologies and technical solutions used to achieve the assigned tasks, the 
advantages and disadvantages of using the methods are considered. It is shown that the use of modern 
achievements in materials science, a new generation of materials and advanced technologies can contrib-
ute to the achievement of high sports results.  
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Abstract—This paper presents the results of a study of different types of counterbodies on the tribological 
properties of polytetrafluoroethylene (PTFE). The characteristics of the polymer, the roughness and hard-
ness of counterbodies made of the following materials are given: copper, aluminum, brass and steel grade 
45. It is shown that the best wear resistance is obtained for a friction pair – polytetrafluoroethylene with 
steel grade 45 and brass. The friction surfaces of the counterbodies and the polymer were studied by 
optical, electron microscopy, and IR spectroscopy. 
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Abstract—The paper reviews studies of the influence of external influencing factors characteristic of the 
Arctic zone on the properties of polymer materials and polymer composites. In the cited works, the influence 
of factors such as low temperatures, thermal cycling, high humidity, and other aggressive environmental 
conditions on the strength properties of a number of thermosetting and thermoplastic matrices, as well as 
composites based on them, has been studied. A comparative analysis of resistance of various materials to 
unfavorable climatic factors typical for the Arctic climate has been carried out. This review can be used 
when choosing materials for work in the Arctic and subarctic zones, as well as in other regions where the 
described factors may affect the operation of products, machines and structures. 
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Abstract—The paper presents the analytical solution of one-dimensional problem on hydrogen diffusion in 
butt heterogeneous welded joints. Such parameters as welded joint thickness, weld thickness, diffusion 
coefficients, solubilities and initial concentrations of hydrogen in the weld metal and base metal have been 
taken into account. The effects of microstructure on hydrogen kinetics in homogeneous and heterogeneous 
welded joints are considered. It is shown that hydrogen concentration in the heat affected zone (HAZ) to a 
great extent depends on the ratios of the initial concentrations, hydrogen diffusion coefficients and solubil-
ities in the weld metal to those in the base metal. The concentration of hydrogen in the HAZ decreases by 
three orders of magnitude when welding martensitic steel with austenitic electrodes as compared to homo-
geneous joints. 

Keywords: welding, steel, hydrogen, diffusion, welded joint, heat affected zone 
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Abstract— An analysis of the domestic market for flux-cored wire used for welding low-alloy high-strength 
shipbuilding steels has been carried out. It has been established that to ensure a guaranteed value of the 
yield strength of the weld metal from 420 to 620 MPa, alloying systems such as Mn–Si, Mn–Si–Ni and Mn–
Si–Ni–Mo are taken as a basis. The influence of alloying elements used in these systems on the formation 
of the microstructure and properties of welds was experimentally established. 

Keywords: flux-cored welding wires, mechanized welding in shielding gases, cold resistance, high-
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Abstract—At computer modeling of heat-exchange processes there arises a necessity of parametric fore-
casting of values of partial indicators of multifactor systems of underwater wet welding. Ensuring the relia-
bility of such a prediction makes it possible to use the obtained models for engineering calculations in the 
design of technological welding processes. On the example of experimental data on the estimation of gas 
formation in the process of arc combustion the methodology – approved in shipbuilding production – is 
proposed. Mathematical dependences providing the minimum error of estimation at changing the values of 
influencing parameters, are obtained. The formation of gas bubbles significantly affects the heat-exchange 
processes in underwater welding, which determines the cooling rate of the welded joint and affects the 
formation of hardening structures. 
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Abstract—The multifactorial nature and interconnection of phenomena occurring during welding, espe-
cially under water, are important for deepening knowledge in this area. An analysis of the research carried 
out and the solutions obtained in the field of underwater wet welding of low-carbon steels shows that in this 
area, adequate assessments of the effectiveness of various types of welding with comprehensive consid-
eration of the interaction of various physical phenomena, significantly different in nature from each other, 
have not been obtained. Integrated approaches to the assessment and analysis of heat transfer coefficients 
from the side of the arc combustion surface and from the opposite side are proposed. For the first time, the 
potential values were calculated as a change in the values of heat transfer indicators for various welding 
conditions based on verified experimental data. The ultimate goal of the work is to calculate the cooling 
rates of the metal of the welded joint, which will subsequently make it possible to predict the mechanical 
properties of the weld metal and the likelihood of the formation of hardening structures. 

Keywords: underwater wet welding, air welding, weld position, heat transfer coefficient, heat transfer 
potentials 
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Abstract—The article presents the results of study of the effect of additions of calcium, strontium and 
barium (0.01–1.0 wt %) as a structure modifier on the anodic behavior of lead babbits BKa, BSt, BBa 
(PbSb15Sn10) in NaCl electrolyte medium. The studies were carried out by the potentiostatic method in a 
potentiodynamic mode with a potential sweep rate of 2 mV/s. 

Studies show that with time the free corrosion potential of alloys shifts to the positive side, and with 
an increase in the concentration of the modifier (calcium, strontium and barium) in lead babbits, acquires a 
positive value. The addition of calcium to lead babbit BKa (PbSb15Sn10Ca) increases its corrosion re-
sistance by 10–15%, strontium BST (PbSb15Sn10Sr) by 15–20%, and barium BBa (PbSb15Sn10Ba) by 
20–25%. An increase in the corrosion rate of alloys was noted, regardless of their composition from the 
NaCl concentration in the solution. It has been shown that an increase in the chloride ion concentration in 
the NaCl electrolyte leads to a decrease in the potentials of free corrosion, repassivation, and pitting for-
mation of alloys. 

Keywords: lead babbits BKa, Bst, BBa (PbSb15Sn10), calcium, strontium, barium, potentiostatic 
method, electrochemical behavior, NaCl electrolyte, free corrosion potential, corrosion rate 
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Abstract—The possibility of brittle fracture resistance (BFR) determination is investigated with mechanical 
testing for ion-irradiated chromium stainless steel. To consider the ion irradiation effect on material proper-
ties disc specimens in initial and irradiated states were tested by mechanical loading until brittle fracture. 
The microhardness of specimens before and after ion irradiation was also determined. It was found that 
the microhardness of ion-irradiated steel is higher than the microhardness of steel in initial state. However, 
critical loads for brittle fracture of disc specimens are practically equal for initial and ion-irradiated states. 
The performed calculations, SEM investigations and also analysis of mechanisms of cleavage microcrack 
nucleation in disc specimen surfaces allowed us to explain the brittle fracture test results. As fracture tests 
do not allow us to estimate BFR, it is proposed to estimate BFR by microhardness measurement results. 

Keywords: ferritic-martensitic steel, ion irradiation, ion accelerator, brittle fracture resistance, mechan-
ical testing, microhardness 
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Abstract—The correctness of the model assumption about additivity of the contributions of hardening (for-
mation of dislocation loops and radiation-induced precipitates) and non-hardening (formation and accumu-
lation of grain boundary segregations) mechanisms to the final radiation embrittlement of VVER-1000 RPV 
weld materials has been verified. The paper presents the results of the experiment to obtain predicted 
values of the critical embrittlement temperature of weld metal with nickel content of 1.59–1.88% using ac-
celerated irradiation in the IR-8 research reactor from states characterized by different starting level of grain 
boundary segregation. The procedure of accounting for the flux effect for the values of critical embrittlement 
temperature obtained using accelerated irradiation has been proposed. The conservativity of the weld metal 
radiation embrittlement dependence has been verified based on the modal assumption of additivity of the 
contributions of the strengthening and non-strengthening mechanisms up to the values of fast neutron flu-
ence ~75–1022 neutrons/m2. 

Keywords: weld, critical embrittlement temperature, VVER-1000 reactor vessel, fast neutron fluence, 
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Abstract—The studies of stress corrosion cracking have been carried out for the stainless ferritic-marten-
sitic steel with chromium content of 12% irradiated to a damage neutron dose of ~12 dpa. This steel was 
chosen as a candidate material for the internals of supercritical water-cooled reactors (SWCR). 

The first part of the paper was devoted to autoclave testing of specially designed disk specimens 
under constant load in a supercritical water environment (at 450°C and 250 atm pressure). In this part of 
the article the developed technique for corrosion cracks identification is presented and analysis of autoclave 
tests results is performed. 

As a result of the experiments performed, the threshold stress values below which stress corrosion 
cracking initiation doesn’t occur. The values of threshold stresses are determined for the studied steel irra-
diated at temperatures of 390 and 550°C. Possible mechanisms of stress corrosion cracking of the studied 
steel are analyzed and directions for further research are proposed. 

Keywords: ferritic-martensitic stainless steel, SWCR, WWER-SKD reactor, neutron irradiation, stress 
corrosion cracking, corrosion cracking identification, autoclave tests 
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