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Abstract—The paper presents the results of a study of the structure and mechanical properties of high-
strength austenitic dispersionally hardened Mn–Ni–V–C steel with a yield strength of at least 700 MPa. Its 
composition and the hardening method were selected so that the steel meets the requirements for high 
strength and non-magnetic properties. It is shown that the introduction of 1–2% Cu into Mn–Ni–V–C steel 
expands the region of existence of the γ-phase in the Fe–Ni–Mn phase diagram, narrows the two-phase 
γ+α-region and shifts it towards lower Mn contents, increasing stability of austenite to martensitic trans-
formation during cold deformation. A numerical assessment of the influence of alloying austenite-forming 
elements Ni, Mn, Cu on the critical degree of cold plastic deformation, leading to the formation of defor-
mation martensite in steel, is proposed. The temperature range of the reverse transformation of this mar-
tensite into austenite during annealing is established, depending on the nickel content in the steel. For 
precipitation hardened steel with a composition of 10%Mn; 10%Ni; 2%Cu; 0.3–0.4%C; ~1.4%V the regu-
larities of dissolution upon heating for quenching and precipitation during aging of particles of the streng-
thening carbide phase VC were studied. It has been shown that the maximum strength is achieved after 
quenching from 1150°C and aging at 650°C for 15 hours. Taking into account the studies carried out on 
the stability of austenite, static and cyclic strength and durability, the optimal alloying range of steel with 
nickel, manganese and copper was substantiated, and the optimal mode of heat treatment was revealed, 
which provides a combination of high strength with good ductility and toughness of steel. 

Keywords: steel, austenite, stability, deformation martensite, ferromagnetic, precipitation hardening, 
carbides, strength, fracture toughness, durability 
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Abstract—This article presents the results of studying the structure of high-strength corrosion-resistant 
austenitic nitrogen-containing steel formed as a result of hot deformation. It was found that, depending on 
the temperature, degree and rate of deformation, the mechanism of formation of nuclei of dynamic recrys-
tallization changes. At temperatures above 1100°C, nuclei are formed due to bending and subsequent 
migration of grain boundaries; however, with a decrease in temperature and an increase in the degree 
and rate of deformation, subgrains become centers of recrystallization near the initial boundaries. 

Keywords: nitrogen-containing austenitic steel, EBSD analysis, structure, dynamic recrystallization, 
hot deformation, recrystallization nuclei 
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Abstract—This article investigates the kinetics of austenite grain growth during heating and the features 
of phase transformations depending on the austenite grain size in ferrite-bainitic, bainite-martensitic and 
martensitic shipbuilding steels. The kinetics of dynamic and static recrystallization is studied depending 
on the holding time at a given temperature. The studies carried out made it possible to determine the ef-
fect of the austenite grain size in shipbuilding steels of manganese, manganese-nickel and nickel alloying 
composition on the transformed structure.  

Keywords: shipbuilding steel, austenite grain size, dynamic recrystallization, static recrystallization, 
phase transformations, structure, properties 
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Abstract—This article considers issues related to the forgings from medium-carbon medium-alloyed steel 
grades. It is necessary to take into account the processes of phase and structural transformations when 
assigning modes of accumulation of ingots after forging and preliminary heat treatment (PHT). The main 
provisions of the appointment of PHT modes were analyzed. The paper formulates their limited application 
when using diagrams of isothermal transformation of austenite, built according to standard techniques. 
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Abstract—The issues of ensuring the stability of the structural state and mechanical properties are very 
relevant for production in the manufacture of products, as well as for assessing their quality and extend-
ing the resource. The article presents the results of a study of the influence of heat treatment parameters 
on the structural characteristics of steel-martensitic-ferritic class 14X17H2, the impact of structural para-
meters on mechanical properties is assessed. 
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Abstract–The structural-phase state, defective substructure and fracture surface of welds made of low-
carbon alloy steel obtained with and without a carbon-containing additive have been investigated by 
scanning and transmission electron microscopy. A quantitative analysis of the parameters of the structure 
and dislocation substructure of the weld metal is carried out, and the contributions of the scalar and 
excess dislocation density to the strength of welds are estimated. It is shown that high values of scalar 
and excess dislocation density in a weld formed without a carbon-containing additive in the flux can lead 
to material embrittlement.  
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Abstract—The results of the development of casting technology for single-crystal high-pressure turbine 
blades from nickel superalloys with a crystallographic orientation (CGO) [001] were obtained on an auto-
mated casting unit for directional crystallization UVNK-9A, at machine-building enterprise. The construc-
tion of the casting blades blocks, technologies for the manufacture of molds, rods and casting of GTE 
working blades of heat-resistant nickel alloys with a single-crystal structure and set-up CGO have been 
developed under real production conditions on UVNK-9A units substituting through-type furnaces. It is 
shown that preproduction series of single-crystal castings of working blades with shroud shelf were ob-
tained, with a yield of suitable structure ≥ 75%. The structural-phase characteristics of the alloy of single-
crystal blades castings were investigated by scanning electron microscopy in as cast state and after sub-
sequent heat treatment. A comparative quantitative analysis of the microstructure and strength characte-
ristics of supernickel alloy castings with CGO [001], obtained on a high-gradient directional crystallization 
unit and in a through-type furnace.  

Keywords: heat-resistant nickel alloys; directional crystallization; single-crystal blades; microstruc-
ture 
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Abstract—To solve the problem of increasing the adhesive-cohesive strength of multifunctional plasma 
coatings used to protect parts of power and machine building equipment from wear and corrosion, a ce-
ramic coating of the Al2O3–Ni system, obtained from a powder mixture based on corundum clad nickel. 
The coating was applied by the method of high-energy plasma powder spraying (on the “Thermoplasma” 
installation) on the intermetallic sublayer of the Ni–Co–Cr–Al–Y system. The aim of this work was to study 
the microstructure, phase composition, mechanical, tribological and adhesion properties of a plasma ce-
ramic coating formed from a powder material based on aluminum oxide clad with a refractory metal com-
ponent (nickel). According to the research results, it was found that the initial powder material has a multi-
phase composition (Ni + α-Al2O3 + γ-Al2O3) and a spherical morphology of particles. From it, during high-
energy plasma spraying, a coating is formed with a phase composition (Ni + γ-Al2O3 + γ'-Ni3Аl), a layered 
microstructure with nickel interlayers and a columnar structure of oxide grains. The coating has high val-
ues of hardness and adhesive-cohesive strength, low coefficient of friction and is recommended for wear 
protection of parts of power engineering and mechanical engineering.  

Keywords: cladded powder material, high-energy plasma spraying, oxide phases, layered micro-
structure, columnar grains, hardness, coefficient of friction, adhesive-cohesive strength 
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Abstract—The results of complex studies on the production of protective coatings based on the composi-
tion NbCo2–Zr–WC are presented. Coatings obtained by microplasma spraying have high microhardness 
(~15.0 GPa) and wear resistance (~1.0·10–8). 

Keywords: intermetallic compound, protective coatings, microplasma spraying, microhardness, wear 
resistance 
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Abstract—When studying the high-temperature behavior of the heat-protective coating of zirconium dio-
xide, the method of laser heating has been tested. The coating was applied by the method of high-energy 
plasma spraying on the intermetallic sublayer of the Ni–Co–Cr–Al–Y system made of a powder material 
of the composition (ZrO2 + 7% Y2O3) of spherical morphology. 

The aim of this work was to study the processes of structural-phase transformations, melting and 
crystallization occurring in a ceramic coating material under the action of a single laser pulse with a dura-
tion of 14 ms with different energies (5, 10, 15, and 20 J). It was found that after spraying, the coating in 
the initial state has a two-phase composition (T-ZrO2 + K-ZrO2), and a layered microstructure with a co-
lumnar structure of zirconium dioxide grains. Laser heating with a pulse energy of 5 J stimulates the 
phase transformation T-ZrO2 → K-ZrO2, the appearance of porosity and microcracks. With an increase in 
the pulse energy to 10 and 15 J, the processes of melting and ultrafast crystallization, accompanied by 
grain refinement, intensively occur on the coating surface. According to the theoretical estimates, the ref-
low processes affect surface layers with a thickness of 2.2 to 6.6 μm, and phase transformations take 
place at a depth of ~11 μm. With an increase in the laser pulse energy to E = 20 J, the process of de-
struction of the coating was initiated by the mechanism of cracking with delamination of fragments of the 
surface layer 5–10 μm thick. 

The laser heating method is recommended as an express diagnostics for comparative tests of the 
heat resistance of ceramic coatings obtained by different methods and from different starting materials. 

Keywords: high-energy plasma spraying, powder material, zirconium dioxide, layered microstructure, 
columnar grains, pulsed laser heating, structural phase transformations, melting, recrystallization, express 
method 
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Abstract—The paper presents the results of studies of the effect of the surface tension of the interstitial 
fluid on the structural and surface properties (specific surface area and pore volume, pore diameter distri-
bution) of layered magnesium and aluminum double hydroxides (Mg-Al LDH) obtained by the interaction 
of AlCl3·6H2O, MgCl2·6H2O and ammonium carbonate. The equations connecting the specific surface 
area and the specific pore volume of the synthesized Mg-Al LDH samples with the surface tension of the 
interstitial medium are obtained. It is shown that the substitution of the aqueous medium in the pore 
space for acetone before drying the synthesized Mg-Al LDH allows to significantly increase the capacity 
of the adsorption monolayer of products and does not significantly affect the mechanism of the sorption 
process. 

Keywords: layered double magnesium and aluminum hydroxide, liquid surface tension, specific sur-
face area, specific pore volume, sorption 
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Abstract—The paper studies deposition of a highly nickel-alloyed corrosion-resistant layer on the surface 
of a low-carbon economically alloyed steel. The formation of the layer is carried out in two stages – at the 
first stage, a precursor coating is applied by cold spraying, and at the second, an alloyed layer is formed 
on the surface by laser. A layer with a nickel content of up to 70% is formed on the surface of the steel. 
The results of X-ray diffraction phase analysis indicate that a face-centered cubic lattice of a solid solution 
and Ni3Fe intermetallic compound has been formed in the studied layer. 

Keywords: laser cladding, laser alloying, cold gas-dynamic spraying, intermetallic compounds, mi-
crohardness, fiber-optic laser, nickel alloys 
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PREDICTION OF HYDROSTATIC STRENGTH OF SPHEROPLASTICS 
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Abstract—In this work, calculations of the hydrostatic strength of a spheroplastic are carried out using 
the previously described empirical formula. The calculations were based on the physical and mechanical 
characteristics of the polymer binder and hollow glass microspheres. Measurements of the physical and 
mechanical characteristics of the polymer binder, hollow glass microspheres and spheroplastics were 
performed with standard methods: dynamic mechanical analysis (DMA), gas and hydrostatic pycnome-
ters. The results of tensometric tests of Poisson’s ratios of binders were also used. The hydrostatic 
strength measurements were carried out in a high pressure hydrochamber. Comparison of the calcula-
tions and experimental data for a number of spheroplastic compositions based on multicomponent epoxy 
binders is carried out. The degree of influence of the properties of microspheres and binders on the hy-
drostatic strength of a spheroplastic is shown. The correlation of the calculated values with experimental 
knowledge is assessed. 

Keywords: spheroplastics, multicomponent epoxy binder, glass microspheres, physical and mechan-
ical characteristics, prediction of hydrostatic strength 
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Abstract—The article presents the results of studies of the properties of samples of powder phthalonitrile 
binding with different particle-size distribution. Microstructural studies of the phthalonitrile binder have 
been carried out. The main technologies for combining polymer binding with reinforcing fillers are de-
scribed. Examples of calculating the ranges of values of the weight characteristics of prepregs are given, 
taking into account the possible spread of the surface density of the reinforcing filler and the selected 
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range of the mass content of the binder. The fundamental possibility of using a powder phthalonitrile bind-
ing to obtain PCMs using prepreg technology is shown. 

Keywords: polymeric composite materials, prepreg, fibreglass, phthalonitrile, matrix, autohesion, 
powder binding 
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Abstract—Acceptance tests of base metal and welded joints include the evaluation of critical CTOD val-
ues as required in product specifications. Tests have to be done in natural (full) thickness. For blanks 
made of pipes, quantitative criteria of satisfactory straightening and the fixture dimensions are developed. 
Satisfactory fatigue precrack front linearity can be attained with additional treatment. Local side compres-
sion appears efficient for the examined materials. Sequential FEM calculations of welding, side compres-
sion and specimen notching allow constructing the residual stress curves to predict fatigue crack exten-
sion. The optimum compression displacement is found. The above sequence of operations is proved to 
be preferable in comparison with side compression performed after notching. 

Keywords: fracture toughness, welded joints, pipes, fatigue crack front linearity, local side compression 
DOI: 10.22349/1994-6716-2021-108-4-179-188 

REFERENCES 
1. Ilyin, A.V., Filin, V.Yu., Gusev, M.F., Markadeeva, F.Yu., Yurkov, M.E., Praktika attestatsionnykh 

ispytaniy vysokoprochnykh khladostoykikh sudostroitelnykh staley dlya polucheniya svidetelstva Ros-
siyskogo morskogo registra sudokhodstva [Practice of certification tests of high-strength cold-resistant 
shipbuilding steels for obtaining a certificate from the Russian Maritime Register of Shipping], Materials of 
the Sixth International scientific and technical conference “Measurements and tests in shipbuilding and 
related industries (SUDOMETRIKA-2016)”, Granovsky, V.A. (Ed.), St Petersburg: Elektropribor, 2016, 
pp. 111–118. 

2. ISO 12135: 2021. Metallic materials: Unified method of test for the determination of quasistatic 
fracture toughness, 2021. 



 

© 2021  
   NRC “Kurchatov Institute” – CRISM “Prometey”  
   http://www.crism-prometey.ru   

Scientific and Technical Journal 
“Voprosy Materialovedeniya” 

 
 

3. ISO 15653: 2018. Metallic materials: Method of test for the determination of quasistatic fracture 
toughness of welds, 2018. 

4. Filin, V.Yu., Kontrol kachestva staley dlya krupnogabaritnykh svarnykh konstruktsiy arkticheskogo 
shelfa. Primenenie rossiyskikh i zarubezhnykh trebovaniy [Quality control of steels for large-sized welded 
structures of the Arctic shelf. Application of Russian and foreign requirements], Voprosy Materialo-
vedeniya, 2019, No 2 (98), pp. 136–153. 

5. Nazarova, E.D., Razrabotka metodov regulirovaniya ostatochnykh napryazheniy v obraztsakh, is-
pytyvayemykh na treshchinostoykost [Development of methods for regulating residual stresses in speci-
mens tested for crack resistance]: Master’s qualification work, St Petersburg: Polytechnic University, 
2021. DOI: 10.18720 / SPBPU / 3/2021 / vr / vr21-4910. 

6. Malinin, N.N., Prikladnaya teoriya plastichnosti i polzuchesti [Applied theory of plasticity and 
creep]: Textbook for university students, Moscow: Mashinostroenie, 1975. 

7. Leonov, V.P., Antonova, S.D., Safronova, N.N., Nesterova, E.V., Vliyanie predvaritelnoy plas-
ticheskoy deformatsii na kharakteristiki stali PCE40Z [Influence of preliminary plastic deformation on the 
characteristics of steel PCE40Z], Voprosy Materialovedeniya, 2003, No 2 (34), pp. 50–66. 

8. Kopelman, L.A., Osnovy teorii prochnosti svarnykh konstruktsiy [Fundamentals of the theory of 
strength of welded structures]: textbook, St Petersburg: Polytechnic University, 2008. 

9. Sadkin, K.E., Filin, V.Yu., Mizetsky, A.V., Nazarova, E.D., Otsenka metodom konechnykh elemen-
tov effektivnosti lokalnogo bokovogo obzhatiya prizmaticheskikh obraztsov s nadrezom [Evaluation by the 
finite element method of the efficiency of local lateral compression of prismatic specimens with a notch], 
Voprosy Materialovedeniya, 2020, No 4 (104), pp. 182–191. 

10. Artemiev, D.M., Sadkin, K.E., Mizetsky, A.V., Raschetnaya otsenka ostatochnykh svarochnykh 
napryazheniy v svarnykh soedineniyakh sudokorpusnykh konstruktsiy metodom konechnykh elementov 
[Calculated estimation of residual welding stresses in welded joints of ship hull structures by the finite 
element method], Materials and reports of the V All-Russian conference “Safety and survivability of tech-
nical systems”, Krasnoyarsk, 2015, V. 1, pp. 51–55. 

UDC 669.018.44:539.431:620.178.3 

HIGH-TEMPERATURE LOW-CYCLE FATIGUE OF A HEAT-RESISTANT ALLOY  
OF THE Co–Cr–Ni–W–Ta SYSTEM OBTAINED BY ADDITIVE MANUFACTURING 

D.I. SUHOV, Dr Sc. (Eng), I.A. HODINEV, S.A. MONIN, P.V. RYZHKOV 

National Research Center “Kurchatov Institute” – VIAM», 17 Radio St, 105005 Moscow,  
Russian Federation. E-mail: admin@viam.ru 

Received July 1, 2021 
Revised October 4, 2021 
Accepted October 7, 2021 

Abstract—The results of fatigue tests of smooth cylindrical specimens with total deformation control un-
der conditions of a symmetric cycle and elevated temperature are presented. The relationship between 
the values of the fatigue characteristics of the material with allowance for stresses, plastic deformation 
and the number of cycles to failure is considered. Comparison of deformation curves plotted from experi-
mental data with deformation curves plotted by evaluative methods is presented. 

Keywords: mechanical properties, fatigue, high-temperature alloys based on cobalt, selective laser 
melting (SLM), deformation approach, Ramberg-Osgood equation, Basquin-Manson-Coffin equation. 
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Abstract—This work presents the results of a study of the mechanical characteristics and chemical com-
position of metal samples cut from a non-irradiated weld seam of a WWER-440 reactor vessel after 45 
years of operation. The calculated distribution of the critical temperature of brittleness over the thickness 
of the irradiated weld seam of the WWER-440 reactor vessel (140 mm) is obtained taking into account 
the distribution of the initial properties, the content of phosphorus and copper, and the density of the fast 
neutron flux over the thickness of the seam. Since all the circumferential welds connecting the shells in 
the WWER-440 reactor vessel are manufactured using the same technology, the results of the study of 
the non-irradiated weld can be used to assess the distribution of properties in the irradiated weld. At the 
same time, it is assumed that the effect of thermal aging at a temperature of 270°C (operating tempera-
ture of a non-irradiated weld) is small and can be neglected. 

Keywords: weld, critical brittleness temperature, WWER-440 reactor vessel, fast neutron fluence, 
radiation embrittlement, phosphorus content, copper content. 
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Abstract—Molecular dynamics (MD) simulations were applied to study radiation damage formation in 
collision cascades initiated by primary knock-on atoms (PKA) with energy EРКА = 5, 10, 15 and 20 keV in 
α-Ti at T = 100, 300, 600 and 900 K ambient temperatures. A series of 24 collision cascades was simu-
lated for each (EРКА, Т) pair. The necessary sampling set size was justified by a simple a posteriori proce-
dure. The number of Frenkel pairs and the fraction of vacancies, εv, and self-interstitial atoms (SIAs), εi, in 
point defect clusters were evaluated as functions of (EРКА, Т). It was established that collision cascades in 
α-Ti are extended along PKA trajectories and tend to split into subcascades. In contrast to other elemen-
tal metals with close-packed crystal structure, εv ≥ εi in collision cascades in α-Ti. Moreover, both εv and εi 
demonstrate weak temperature dependence. This is anindirect indication that both vacancy and SIA clus-
ters created in collision cascades in α-Ti are stable in the considered temperature range. 

Keywords: α-titanium, radiation damage, Frenkel pairs, point defect clusters, collision cascades, mo-
lecular dynamics simulations 
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Abstract—The microstructures of irradiated samples of Fe–0.08C–18Cr–10Ni–Ti steel were studied by 
transmission electron microscopy (TEM). Specimens of the base metal (BM) and the weld metal (WM) 
were irradiated in the BOR-60 reactor at temperatures from 330 to 350°C to doses of 43 dpa (BM) and 40 
dpa (WM), 96 dpa (BM) and 101 dpa (WM). New data on the quantitative microstructural characteristics 
of dislocation loops, titanium carbonitrides, fine G-phase, and voids in irradiated specimens in the range 
of damage doses from 40 to 101 dpa were obtained during the studies of specimens of the base metal 
and the weld metal. 
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