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Abstract—The kinetics of austenite grains’ growth upon heating has been investigated, and the process-
es of dynamic and static recrystallization occurring under different modes of plastic deformation (reduc-
tion pattern, deformation temperature) of high-strength steels with various microalloying complexes have 
been studied. The research made it possible to reveal the thermal deformation conditions for the for-
mation of a finely dispersed homogeneous structure of steel. Technological recommendations have been 
developed for the production of high-strength steels depending on their microalloying (vanadium, niobi-
um).  

Keywords: high-strength steel, vacuum etching, austenite grain, static recrystallization, dynamic re-
crystallization, hot rolling, bainite-martensite structure, Gleeble 3800 
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Abstract—The article presents the results of a study of the relationship between strength and perfor-
mance (temperatures of ductile-brittle transition Tdb and zero plasticity NDT, critical opening at the crack 
tip CTOD at a test temperature of –40°C) on the structure parameters of thick plate products made of low-
carbon low-alloy steels with different contents of basic alloying and microalloying elements. 
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DIGITAL TECHNOLOGIES IN DETECTING INHOMOGENEOUS CONCENTRATION ZONES  
IN HEAT-RESISTANT NICKEL ALLOYS STRUCTURE, INCLUDING THOSE OBTAINED  

BY SELECTIVE LASER MELTING 

A.N. RAEVSKIKH 

All-Russian Scientific Research Institute of Aviation Materials (FSUE VIAM), 
17 Radio St, 105005 Moscow, Russian Federation. E-mail: raevskih_anton@me.com 

Received April 6, 2020 
Revised September 25, 2020 

Accepted October 1, 2020 

Abstract—This work presents the experimental data obtained using an integrated approach in the study 
of the chemical, crystallographic and morphological homogeneity of the structure of a heat-resistant mate-
rial on a nickel base with carbide-intermetallic hardening and an increased content of the γ'-phase, syn-
thesized on single-crystal substrates of various compositions with CHO <001> in Z-direction. Using the 
proposed method for studying the capabilities and certification of different-level structural structures of 
samples in the initial state and after thermal study of the impact. The analysis was carried out using the 
system for EBSD analysis integrated into the scanning electron microscope and the software package for 
the analysis of electron microscopic images. 

Keywords: selective laser melting, SEM, concentration inhomogeneities, γ'-phase, image analysis, mi-
crotexture, EBSD analysis, single-crystal samples, crystallographic orientation, structural transformations 
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Abstract—The results of tests on the FCGR (fatigue crack growth rate) of compact specimens of eccen-
tric tension using a crack opening (COD) sensor under conditions of an asymmetric loading cycle R = 0.1 
at room and elevated temperatures are presented. The relationship between the conditions of force load-
ing of preliminary growth of the initial fatigue crack is considered. The values of the effective stress inten-
sity factor Keff were obtained, which is an important estimate for interpreting the observed character of 
crack growth. A comparison of the properties of the cyclic crack resistance of the VZh175-ID alloy with 
the properties of foreign analogues Rene 88DT, Inconel 625 SLM and domestic ones – EP741NP, 
EK151-ID is presented. The influence of the test temperature on the growth rate is shown. The hypothe-
sis about the linear dependence of the parameters of the Paris equation is tested. 
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Abstract—The paper presents the scientific, technical and technological aspects in the field of creating 
new high-temperature materials for parts of the hot section of gas turbine engines (GTE) with operating 
temperatures exceeding those existing in GTE. More refractory metallic materials for the creation of new 
high-heat-resistant alloys used for the manufacture of rotor and nozzle blades and other parts of promis-
ing gas turbine engines based on NiAl-Ni3Al, Co–Cr–Re, Pt–Al, Nb–Si, Mo–Si–B systems have been in-
vestigated. It is shown that, depending on the composition of the selected matrix, the working tempera-
ture of heat-resistant alloys increases to 1300–1500°C, which is significantly higher than the existing 
nickel heat-resistant alloys. 

Keywords: high-temperature alloys, refractory matrices, hardening phases, eutectic composite, mi-
crostructure, short-term and long-term strength, gas turbine engines 
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Abstract—Among titanium alloys, modern α- and pseudo-α-alloys occupy a special place due to the 
unique combination of their mechanical properties, corrosion resistance, low density and high specific 
strength, which determines their effectiveness in various industries. Analysis of structural materials used 
for heat exchange equipment of nuclear power plants showed that the increase in the efficiency and 
compactness of tube systems made of α-titanium alloys is constrained by their thermal conductivity char-
acteristic, which does not exceed 8–9 W/(m·K) at a temperature of 20°C. An exception is the VT1-0 grade 
alloy, the scope of which is limited to a maximum operating temperature of no more than 250°C. The pa-
per considers the results of studies of a new titanium alloy of the Ti–Zr–Al–O composition with increased 
thermal conductivity for pipe systems of power equipment. 

Keywords: titanium, thermal conductivity, titanium α- and pseudo-α-alloys 
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Abstract—This work presents the results of studying the features of the casting process of glass-coated 
microwires of alloys based on silver, which has a near-zero TCR, and nickel, which has a high thermo emf. 
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Abstract—In this work, an experimental modeling of the technology for producing a matrix by sintering a 
diamond-containing briquette with a filler of tungsten monocarbide powder impregnated with a Fe–C eu-
tectic melt in a vacuum is carried out. The microstructure, elemental and phase compositions of the prod-
ucts formed in the process of sintering a diamond-containing matrix with impregnation with a Fe–C eutec-
tic melt in vacuum have been studied by scanning electron microscopy, X-ray spectral and X-ray phase 
analyzes, and Raman spectroscopy. It was found that the matrix consists of 61.0% tungsten carbide 
phases, 17.0% of iron carbide, 16.5% of α-Fe, and 5.5% of graphite. The eutectic Fe–C alloy, which 
serves as a matrix binder, consists of a ferrite-pearlite metal base with graphite inclusions. It is shown that 
at the diamond – matrix interface, graphite inclusions are formed not as a continuous layer, but as discon-
tinuous areas along the perimeter of diamond grains. The microhardness of the WC-based matrix im-
pregnated with the Fe–C melt is ~11 GPa, which is more than 3 times higher than the microhardness of 
the WC–Co–Cu hard alloy matrix obtained by sintering with copper impregnation.  

The research results can be used in the development of technology for the manufacture of wear-
resistant matrices of diamond tools of a wide class used in the processing of materials with a high level of 
hardness. 

Keywords: diamond, matrix, iron-carbon alloys, eutectic melting, microstructure, graphitization, dia-
mond retention 
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Abstract—The article presents research results on the development of a precision alloy of the Al–Mg–
Ce–La–Y system for obtaining thin films by magnetron sputtering. Thin films are used to create electronic 
components on their basis. 
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Abstract—This paper presents the results on the development of an alloy in the tellurium – copper – ce-
rium system used for the manufacture of functional coatings using the technologies of supersonic cold 
gas-dynamic spraying. Coatings from the specified alloy are used for the manufacture of photocathodes 
of photoelectronic devices operating in the UV spectral region. 
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Abstract—The paper presents the results of research and development of glasses for insulation of cast 
microwires of the PbO – SiO2 – Na2O – InO2 – SnO2 system. The optimal composition has been deter-
mined, which makes it possible to establish a stable process of casting microwires from indium and tin 
with a length of more than 1000 meters. It is shown that from such microwires it is possible that small 
base fusible fuses with a high melting current density could be manufactured. 
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Abstract—The article presents the results of a study of the catalytically active system Ni–Al–Al(OH)3–
Ca(OH)2–Mg(OH)2 for efficient synthesis gas production. A technology for obtaining volumetric porous 
functional coatings has been developed using the method of supersonic cold gas-dynamic spraying. The 
advantages of this method and its possibilities from the point of view of producing synthesis gas with high 
activation energy are shown. 
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Abstract—This work studies the effect of the relative content of Al2O3 nanofibers on the compaction, 
phase composition, and physicomechanical properties of composites based on ZrO2 obtained by free 
vacuum sintering. It was found that in the process of manufacturing composites, nanofibers are sintered 
into Al2O3 grains of complex, elongated shape, which form a solid, frame-reinforcing structure. The rela-
tive density of composites with 5 wt. % and 10 wt. % of nanofibers, decreases up to 95%. It is shown that 
in all sintered samples the tetragonal modification of ZrO2 acts as the main phase, and the different con-
tent of nanofibers affects the amount of cubic and monoclinic modifications of ZrO2. It was found that ad-
dition of 5 wt. % and 10 wt. % of Al2O3 nanofibers increases the microhardness of the composite by 11% 
and crack resistance by 46%. 

Keywords: composite, ceramics, zirconium dioxide, Al2O3 nanofibers, microstructure, phase compo-
sition, mechanical properties 

DOI: 10.22349/1994-6716-2020-104-4-132-143 

 

REFERENCES 

1. Zhigachev, A.O., Golovin, Yu.I., Umrikhin, A.V., Korenkov, V.V., Tyurin, A.I., Rodaev, V.V., Dy-
achek, T.A., Keramicheskie materialy na osnove dioksida tsirkoniya [Ceramic materials based on zirconi-
um dioxide], Moscow: Tekhnosfera, 2018. 

2. Podzorova, L.I., Ilyicheva, A.A., Penkova, O.I., Aladyev, N.A., Baikin, A.S., Konovalov, A.A., 
Morokov, E.S., Dispersnoe uprochnenie kompozitov sistemy oksida alyuminiya i tetragonalnogo dioksida 
tsirkoniya, stabilizirovannogo kationami tseriya [Disperse hardening of composites of the aluminum oxide 
system and tetragonal zirconia stabilized by cerium cations], Steklo i keramika, 2017, No 6, pp. 16–20. 

3. Seo, J., Oh, D., Kim, D., Kim, K., Kwon, J., Enhanced mechanical properties of ZrO2–Al2O3 dental 
ceramic composites by altering Al2O3 form, Dental Materials, 2020, V. 36, pp. 117–125, https://doi.org/ 

10.1016/j. dental.2020.01.014. 

4. Hussainova, I., Drozdova, M., Pérez-Coll, D., Rubio-Marcos, F., Jasiuk, I., Soares, J.A.N.T., 
Rodríguez, M.A., Electroconductive composite of zirconia and hybrid graphene/alumina nanofibers, Jour-
nal of the European Ceramic Society, 2017, V. 37, pp. 3713–3719, https://doi.org/10.1016/j.jeurceramsoc. 

2016.12.033. 

5. Abdullah, M., Ahmad, J., Mehmood, M., Effect of sintering temperature on properties of Al2O3 
whisker reinforced 3 mol% Y2O3 stabilized tetragonal ZrO2 (TZ-3Y) nanocomposites, Composites, Part B: 
Engineering, 2012, V. 43, pp. 1785–1790, https://doi.org/10.1016/j.compositesb.2012.01.021. 

6. Leonov, A.A., Abdulmenova, E.V., Alumina-based composites reinforced with single-walled car-
bon nanotubes, IOP Conference Series: Materials Science and Engineering, 2019, V. 511, pp. 012001, 

https://doi.org/10.1088/1757-899X/511/1/012001 

7. Leonov, A., Effect of alumina nanofibers content on the microstructure and properties of ATZ 
composites fabricated by spark plasma sintering, Materials Today: Proceedings, 2019, V. 11, pp. 66–71, 

https://doi.org/10.1016/j.matpr.2018.12.108. 

8. Anstis, G.R., Chantikul, P., Lawn, B.N., Marshall, D.B., A critical evaluation of indentation tech-
niques for measuring fracture toughness: I, direct crack measurements, Journal of the American Ceramic 
Society, 1981, V. 64, No 9, pp. 533–538, https://doi.org/10.1111/j.1151-2916.1981.tb10320.x 

9. Leonov, A.A., Paygin, V.D., Tolkachov, O.S., Alishin, T.R. Strukturno-fazovye prevrashcheniya 
nanovolokon oksida alyuminiya [Structural phase transformations of nanofibers of aluminum oxide], Per-

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


 

© 2020  
   NRC “Kurchatov Institute” – CRISM “Prometey”  

   http://www.crism-prometey.ru   

Scientific and Technical Journal 
“Voprosy Materialovedeniya” 

 

 

spektivnye materialy konstruktsionnogo i meditsinskogo naznacheniya: proceedings of the conference, 

Tomsk: TPU, 2018, pp. 64–66. 

10. Savchenko, N.L., Koroliov, P.V., Melnikov, A.G., Sablina, T.Yu., Kulkov, S.N., Struktura i mek-
hanicheskie kharakteristiki spechennykh kompozitov na osnove ZrO2-Y2O3-Al2O3 [Structure and mechani-
cal characteristics of sintered composites based on ZrO2-Y2O3-Al2O3], Fundamentalnye problemy sov-
remennogo materialovedeniya, 2008, V. 5, No 1, pp. 94–99. 

11. Podzorova, L.I., Shvorneva, L.I., Ilicheva, A.A., Aladev, N.A., Penkova, O.I., Mikrostruktura i 
fazovy sostav obraztsov sistemy ZrO2-CeO2-Al2O3 modifitsirovannykh MgO i Y2O3 [Microstructure and 
phase composition of samples of the ZrO2-CeO2-Al2O3 system modified with MgO and Y2O3], Neor-
ganicheskie materialy, 2013, V. 49, No 4, pp. 389–394. 

12. Podzorova, L.I., Ilicheva, A.A., Penkova, O.I. Aladev, N.A., Volchenkova, V.A., Shvorneva, L.I., 
Modifitsirovannye kompozity sistemy Al2O3-(Ce-TZP) kak materialy meditsinskogo naznacheniya [Modi-
fied composites of the Al2O3-(Ce-TZP) system as medical materials], Perspektivnye materialy, 2016,  

No 1, pp. 32–39. 

13. Azar, M., Palmero, P., Lombardi, M., Garnier, V., Montanaro, L., Fantozzi, G., Chevalier, J.,  
Effect of initial particle packing on the sintering of nanostructured transition alumina, Journal of the Euro-
pean Ceramic Society, 2008, V. 28, pp. 1121–1128. 

14. Perevislov, S.N., Chupov, V.D., Tomkovich, M.V., Vliyanie aktiviruyushchikh dobavok al-
yumoittrievogo granata i magnezialnoy shpineli na uplotnyayemost i mekhanicheskie svoistva SiC-
keramiki [Influence of activating additives of yttrium aluminum garnet and magnesia spinel on the com-
paction and mechanical properties of SiC ceramics], Voprosy Materialovedeniya, 2011, No 1 (65), pp. 
123–129. 

15. Yuan, L., Zhang, P., Zuo, F., Luo, R., Guo, Z., Plucknett, K., Jiang, B., Nie, G., Meng, F., Valcár-
cel-Juárez, V., Maître, A., Lin, H., Comparison of sintering behavior and reinforcing mechanisms between 
3Y-TZP / Al2O3(w) and 12Ce-TZP/Al2O3(w) composites: Combined effects of lanthanide stabilizer and 
Al2O3 whisker length, Journal of the European Ceramic Society, 2021, V. 41, pp. 706–718. 

16. Ziganshin, I.R., Porozova, S.E., Trapeznikov, Yu.F., Poluchenie poristogo materiala na osnove 
nanodispersnogo poroshka ZrO2 –15 mol.%SeO2 [Obtaining a porous material based on ZrO2 nanodis-
persed powder – 15 mol.% СeО2], Voprosy Materialovedeniya, 2010, No 4 (64), pp. 79–84. 

17. Porozova, S.E., Kulmeteva, V.B., Ziganshin, I.R., Torsunov, M.F., Sravnitelnaya kharakteristika 
rezultatov opredeleniya soderzhaniya monoklinnoy fazy v diokside tsirkoniya [Comparative characteristics 
of the results of determining the content of the monoclinic phase in zirconium dioxide], Voprosy Materi-
alovedeniya, 2010, No 1 (61), pp. 46–52. 

18. Obolkina, T.O., Goldberg, M.A., Smirnov, V.V., Smirnov, S.V., Titov, D.D., Konovalov A.A., 
Kudryavtsev E.A., Antonova O.S., Barinov, S.M., Komlev, V.S., Intensifikatsiya spekaniya i uprochnenie 
keramicheskikh materialov ZrO2-Al2O3 vvedeniem oksida Fe [Intensification of sintering and strengthening 
of ceramic materials ZrO2-Al2O3 by introducing Fe oxide], Neorganicheskie materialy, 2020, V. 56, No 2,  

pp. 192–199. 

19. Leonov, A.A., Dvilis, E.S., Khasanov, O.L., Paygin, V.D., Kalashnikov, M.P., Petyukevich M.S., 
Panina, A.A., Keramichesky kompozit na osnove dioksida tsirkoniya, armirovanny odnostennymi uglerod-
nymi nanotrubkami [Ceramic composite based on zirconium dioxide, reinforced with single-wall carbon 
nanotubes], Rossiyskie nanotekhnologii, 2019, V. 14, No 3–4, pp. 32–38. 

20. Leonov, A.A., Abdulmenova, E.V., Kalashnikov, M.P., Struktura, fazovy sostav i fiziko-
mekhanicheskie svoistva kompozitov na osnove ZrO2 i mnogostennykh uglerodnykh nanotrubok [Struc-
ture, phase composition, and physicomechanical properties of composites based on ZrO2 and multiwalled 
carbon nanotubes], Perspektivnye materialy, 2020, No 10, pp. 56–68. 

21. Leonov, A.A., Ivanov, Yu.F., Kalashnikov, M.P., Abdulmenova, E.V., Paygin, V.D., Teresov, 
A.D., Effect of electron beam irradiation on structural phase transformations of zirconia-based composite 
reinforced by alumina nanofibers and carbon nanotubes, Journal of Physics: Conference Series, 2019,  

V. 1393, p. 012106. 

22. Ivanov, Yu., Shugurov, V., Kalashnikov, M., Leonov, A., Teresov, A., Petukevich, M., Polisadova, 
V., Multilevel hierarchical structure formed in the film (Ti)/substrate (SiC-ceramics) system under irradia-
tion by an intense pulsed electron beam, AIP Conference Proceedings, 2018, V. 2051, pp. 020110. 

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


 

© 2020  
   NRC “Kurchatov Institute” – CRISM “Prometey”  

   http://www.crism-prometey.ru   

Scientific and Technical Journal 
“Voprosy Materialovedeniya” 

 

 

23. Ivanov, V.V., Kaygorodov, A.S., Khrustov, V.R., Paranin, S.N., Spirin, A.V., Prochnaya keramika 
na osnove oksida alyuminiya, poluchayemaya s ispolzovaniem magnitno-impulsnogo pressovaniya 
kompozitnykh nanoporoshkov [Durable alumina-based ceramics produced by magnetic-pulse pressing of 
composite nanopowders], Rossiyskie nanotekhnologii, 2006, V. 1, No 1–2, pp. 201–207. 

24. Leonov, A.A., Khasanov, A.O., Danchenko, V.A., Khasanov, O.L., Spark plasma sintering of ce-
ramic matrix composite based on alumina, reinforced by carbon nanotubes, IOP Conference Series: Ma-
terials Science and Engineering, 2017, V. 286, p. 012034. 

25. Kulmeteva, V.B., Kachenyuk, M.N., Ponosova, A.A., Poluchenie kompozitsionnogo keramich-
eskogo materiala na osnove ZrO2-Y2O3, modifitsirovannogo mnogosloynym grafenom [Obtaining a com-
posite ceramic material based on ZrO2-Y2O3 modified with multilayer graphene], Materialovedenie, 2017, 
No 2, pp. 41–48. 

UDC 678.067.2 

INFLUENCE OF CLIMATIC FACTORS ON THE PROPERTIES OF BALLISTICALLY RESISTANT  
ORGANOPLASTICS 

G.F. ZHELEZINA, Cand. Sc. (Eng), N.A. SOLOVIEVA, P.M. SHULDESHOVA, A.Ch. KAN 

All-Russian Scientific Research Institute of Aviation Materials (FSUE VIAM), 
17 Radio St, 105005 Moscow, Russian Federation. E-mail: admin@viam.ru 

Received August 27, 2020 
Revised September 24, 2020 
Accepted September 25, 2020 

Abstract—Ballistic-resistant organoplastics made from layers of aramid fabric, adhesively bonded by a 
binder film, exhibit an increased tendency to absorb moisture, water and technical fluids in comparison 
with organoplastics monolithic structures. The absorption of liquids is anisotropic and manifests itself 
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the characteristics of ballistic-resistant materials when exposed to environmental factors (environment, 
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Abstract—The roughness of the friction surface of antifriction carbons used in sliding friction units lubri-
cated with water affects the tribotechnical characteristics during the running-in process. This article ex-
perimentally substantiates the range of optimal surface roughness formed during mechanical cutting of 
carbon plastics in terms of tribotechnical efficiency. The results of a series of tribotechnical tests using 
various methods under various conditions (contact pressure, sliding speed, counterbody materials) are 
presented. The relationship between the initial roughness and the effectiveness of a running-in coating 
based on FORUM® poly-tetrafluoroethylene powder is established. 
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Abstract—This paper examines factors causing the darkening of items made of silver alloys in showcas-
es and storehouses of museums, the authors analyze methods to prevent this undesirable process. The 
results of studies of different methods for preventing tarnishing of silver alloys are also presented. 
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Abstract—A crack front straightness is one of the test result validity criteria for fatigue precracked static 
fracture toughness specimens. Actually, the ideally straight crack front cannot be reached due to the 
presence of residual stress. This is particularly actual for specimens cut out of welded joints containing 
the residual welding stress (RWS). One of the techniques allowing to lower the RWS effect is a local side 
compression of specimens. Its efficiency has been proved in physical testing however no quantitative as-
sessments are known in the literature. This work comprises FEM simulation of welding, sampling and 
side compression processes. The effect of local compression on base metal containing no residual stress 
is also investigated. 

It has been found that in the course of local side compression the initial residual stress field caused 
by welding and specimen making is replaced by another field showing stress gradients more favourable 
for getting the fatigue crack shape meeting the validity criteria of test results as per approved test meth-
ods. The calculation results show that the complete removal of residual stress as in base metal as in 
welded specimens is not feasible in the range of actual practicable degrees of compression. 
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Abstract—The paper presents the research results on determining the mechanical characteristics of the 
metal samples cut out from the nozzles and the cylindrical shell at the nozzles zone of the VVER-440 re-
actor vessel after 45 years of operation.  
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