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Abstract—Axisymmetric hot compression experiments of Mg—Al-Zn specimens in intervals of tempera-
ture 250-450 °C and deformation rate (10-3-5)-10~" s~! were carried out. Structure formation was studied
by optical microscopy. Macroscopically localized strain of cylindrical specimens depending on tempera-
ture, strain rates and initial grain size (400 um and 1400 ym) are investigated. Localized strain diagrams
for different initial grain size can be used for development and optimization of hot processing technology
parameters are plotting. It is shown that increase of the grain size direct to strain localization increment
tendency.

Keywords: localized strain, hot plastic deformation, axisymmetric compression, grain size, twinning,
dynamic recrystallization, diagrams
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Abstract—Compositions of flux-cored wires for electric arc surfacing of alloys of the Fe—Cr—Ni—-Mn—Mo-
Ti—-Nb—C alloy system, resistant to high-temperature gas-abrasive wear, were developed. The deposited
alloys were studied by optical and electron microscopy, X-ray mi-crospectral and X-ray diffraction analy-
sis. The influence of the carbon content in the alloy on its structural-phase composition, hardness, and
wear resistance at normal and elevated temperatures up to 600°C was revealed. It was established that
increasing the carbon content in the alloy from 1.2 to 2.8 wt. % leads to increasing the volume fraction of
(Cr, Fe)«C, carbides involved in the formation of the eutectic austenite-carbide matrix of the alloy at 6
times. Their morphology also changes from (Fe, Cr)23Cs to (Fe, Cr)7Cs. In this case, the content of (Ti, Nb,
Mo)«C, and Mo,C carbides in the alloy changes insignificantly, and their average size increases by 10%.
It has been established that the formation of a composite structure in the alloy contributes to its high re-
sistance to gas-abrasive wear at a temperature of 600°C. The wear resistance of the developed alloy is
comparable to a foreign industrial analogue at a much lower cost.

Keywords: arc surfacing, hardfacing alloys, wear resistance, high temperature gas abrasive wear,
hardening phases, abrasive particle, sclerometry
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ANALYSIS OF TECHNOLOGICAL PROCESSES OF PRODUCTION OF SPHERICAL POWDERS
AND GRANULES OF NiAl NICKEL MONOALUMINIDE FOR THE NEEDS OF DOMESTIC
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Abstract—The article is devoted to the study of the features of various methods for obtaining granules of
nickel aluminide NiAl. The problems hindering the widespread use of nickel aluminide NiAl in modern air-
craft and engine construction are analyzed. It has been revealed that the main problems hindering the
widespread industrial use of nickel aluminide NiAl are practically zero plasticity of the material during
pressure treatment and difficulties in machining parts made of this material. However, this problem can be
solved with the use of pellet metallurgy technologies, when by sintering the granular material, an almost
finished product is obtained that requires minimal amounts of subsequent machining. Within the frame-
work of the conducted studies, the quality criteria of the obtained granules were determined, which in-
clude the sphericity of the granules, the stability of the obtained dimensions of the granular material, the
absence of defects in the form of pores, the absence of satellites on the surface of the granules, the
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presence of a finely dispersed dendritic structure of the granule material. Several methods of obtaining
granules of nickel aluminide NiAl have been investigated from the point of view of obtaining the highest
quality raw materials, namely: the method of spraying the melted billet with a high-temperature inert gas
flow (gas atomization method), the method of centrifugal spraying of the melted electrode (PREP meth-
od), the method of centrifugation of the melt using a perforated crucible. It is determined that the optimal
way to obtain a high-quality granulate of NiAl material is the method of centrifugal spraying of the melted
electrode. In the course of the conducted research, it was proved that the main parameter of the process
of centrifugal spraying of the melted electrode, affecting the quality of the obtained granules, their diame-
ter and the value of the dendritic parameter of the microstructure of the granules, is not so much the cur-
rent strength | as the rotation speed of the melted electrode n. The optimal values of the electrode rota-
tion speeds are determined, which are n = 15000—-16000 revolutions per minute at a current strength / =
1000-1500 A. A technology for obtaining high-quality NiAl material granulate has been developed and
tested, which includes operations for obtaining initial NiAl blanks by self-propagating high-temperature
synthesis, subsequent remelting of semi-finished products, heat treatment, separation of granules and
subsequent granulation by the PREP method.

Keywords: granules, nickel aluminide, metallurgy of granules, crystallization, quality of granules,
sphericity, porosity, satellite sticking, melt drop, phase composition, hereditary structure, gas atomization,
atomization of the electrode, the speed of rotation of the electrode
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Abstract—In this study, we synthesized samples of nanoporous carbon materials (NCM) from polymer
raw materials. The influence of the conditions of the synthesis process (the mass ratio of the activating
agent to the precursor) on the structure of the obtained samples has been studied. Varying the mass ratio
of the activating agent to the precursor made it possible to obtain microporous, micromesoporous, and
mesoporous carbon materials. Methane adsorption has been researched in a wide pressure range. The
highest adsorption of methane, equal to = 20 mmol/g at 100 bar and 298 K, is achieved on a sample with
a ratio of the activating agent KOH to carbonized precursor 6:1 (6NCM).
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Abstract—The influence of porous SiC preforms densities for the siliconizing process on the structure
and phase constitution of graphite-loaded reaction-bonded SiC (G-SiSiC) was studied. It was found that
varying the densities of porous SiC preforms containing artificial graphite of similar grain size with the di-
mensions less than 25 mm (in height or diameter) can lead to the G-SiSiC samples with low free Si con-
tent (less 4 wt.%.). It was also shown that reaction sintering of G-SiSiC samples with the optimized densi-
ties during the siliconizing process results in the formation of a dense fine-grained SiC layer. Moreover,
during the siliconizing process, a dense SiC gradient matrix is formed in which graphite and Si inclusions
are uniformly dispersed in bulk.

Keywords: reaction-bonded SiC, siliconizing, graphite, gradient structure
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Abstract—The paper presents the results of physical-mechanical and tribological studies of composites
based on polytetrafluoroethylene and natural shungite. It has been established that the introduction of
shungite leads to an increase in the wear resistance of the material by 114 times compared to an unfilled
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polymer. Electron microscopy has shown that a secondary layer is formed on the friction surface of the
composites, which protects the material from wear. Using IR spectroscopy, it has been established that
during the wear of composites, tribochemical reactions occur with the formation of oxygen-containing
functional groups and subsequent structuring of the surface layer. The results of the study obtained by
differential scanning calorimetry show that the presence of natural shungite in the PTFE matrix leads to
ordering of the structure of the composites.

Keywords: polytetrafluoroethylene, polymer composite, fillers, wear resistance, friction coefficient,
structure, friction surface.
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Abstract—The article describes the stage-by-stage development of Russian aramid fibers. The differ-
ences between the third generation of Rusar NT fibers and CBM and Ruslan fibers are described. In this
work, we studied the resistance of a structural organoplastic based on the third generation of Russian
aramid fibers to various climatic factors in order to justify the possibility of using the material in all climatic
conditions. For structural organoplastics reinforced with aramid fibers capable of absorbing moisture, the
humidity of the environment is a particularly significant factor of influence. When developing all-climatic
organoplastics, the key issue is to increase the resistance to moisture absorption and ensure the stability
of mechanical characteristics during water and moisture absorption. For the first time for a Russian ara-
mid organoplastic, it has been shown that due to high moisture resistance and a high level of preservation
of physical and mechanical properties after exposure to a wide range of climatic tests, organoplastic
grade VKO-25 can be considered for use in aviation products operating in all climatic conditions.

Keywords: aramid fibers, organoplastic, moisture absorption, water absorption, polymer composites,
climatic aging
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Abstract—The paper presents results of potentiostatical and potentiodynamical research of anode be-
haviour of gallium-doped Zn55Al alloy in acid, neutral and alkaline environments of electrolytes HCI, NaCl
and NaOH, at various pH values. Gallium additives (0.01-1.0 wt%) lead to displacement of corrosion
electrochemical potential, pitting formation and repassivity to positive values. The results indicate a de-
crease in the corrosion rate of gallium doped alloys by 2-3 times compared to the base alloy. Such de-
pendence is observed in all investigated corrosion environments.

Keywords: Zn55Al alloy doped with gallium, electrochemical research methods, corrosion potentials,
medium pH, corrosion rate, anodic behavior
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Abstract—Data on the use of the X-ray diffraction method in the analysis of the composition of corrosion
products are presented. Such knowledge makes it possible to obtain information on the mechanisms of
corrosion development and the protective properties of corrosion products, being either dense (with cer-
tain protective properties against corrosion) or loose (with a low level of protection against corrosion),
which doesn’t prevent the penetration of corrosive media to steel surfaces. Under H2S conditions, a layer
of mackinawite (tetragonal FeS) is formed on the surface of steels, and in acidic environments of for-
mation water imitations, it was found that, in addition to it, cubic FeS is formed. Iron sulfide with a cubic
crystal structure, being metastable, reduces the protective properties of the sulfide film in aggressive acid-
ic H2S media. During carbon dioxide corrosion of steel, the main product is siderite (FeCQ3s), character-
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ized by the phenomenon of isomorphism (i.e. changes in the chemical composition of the phase while
maintaining its crystal structure). It is established that in the formation water model, sediments of non-
stoichiometric composition CaxFeyCO3 and (XFe)COs are formed, where X = (Ca?*, Mg?*, Mn2*). Both of
them are poorly crystallized and have defects in the crystal structure, which reduce their protective prop-
erties relative to the stoichiometric FeCOs formed in a 3%NaCl solution. A corrosion inhibitor in aqueous
media promotes the adsorption of the inhibitor film, preventing the formation of corrosion products.

Keywords: carbon dioxide corrosion, hydrogen sulfide corrosion, corrosion products, siderite,
mackinawite
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Abstract—The paper studies corrosion resistance in highly aggressive media of composite nickel-
phosphorus coatings after isothermal annealing at different temperatures accompanied by crystallization.
The phase composition of chemically deposited Ni-P coating containing about 1% dispersed SiC was an-
alyzed. Gravimetric method was used to determine the mass loss of the samples as a result of daily ex-
posure to various acids and in a solution of nitric acid with a concentration from 5 to 65%, which is ex-
tremely aggressive for Ni-P coatings. At each heat treatment, the steel withness samples were used to de-
termine the microhardness by the Vickers method at a load of 100 g. The dependence of the parameters
of the corrosion process on the presence of a dispersed additive and the phase composition of the coat-
ing has been established. At low holding times the dispersed phase exhibits a barrier effect reducing crys-
talline phosphide NisP formation during annealing and corrosion resistance; meanwhile, prolonged hold-
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ing at lower temperatures produces about 70% NisP, stable high hardness values and improved corrosion
resistance values. Lowering the coating heat treatment temperature in an oxidizing environment reduces
the intensity of phosphorus burn-off from the surface and decreases all coating properties. The concen-
tration of nitric acid in the solution at the level of 5-15% is critical and contributes to the dissolution of all
coatings, regardless of their composition.

The conducted research and revealed regularities made it possible to determine the contribution of
the phase composition and presence of the dispersed additive to the formation of the main service char-
acteristics of the nickel-phosphorus coatings — microhardness and resistance to aggressive media, as
well as to determine the technological modes of heat treatment that allow the formation of optimum prop-
erties of products used in the oil and gas industry.

Keywords: nickel-phosphorus coating, dispersed phase, microhardness, thin coatings, Vickers
method, phase composition, intermetalide NisP, numerical values of the corrosion, nitric acid, gravimetric
method
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Abstract—The paper presents the results of electron microscopic studies of ferrite-martensitic steel
samples hardened with Y-O oxides, EP-450 DUO in the initial state and after neutron irradiation in the
BN-600 reactor at 1000°C to a damaging dose of 77.5 dpa. These studies showed that the main types of
oxide phases were Y2(Si, Ti)207 and Y2(Si, Ti)Os. These precipitates at sizes less than 10-20 nm were
semi-coherent with a ferritic matrix of steel EP-450 DUO with the ratio (110)matix//(221)paricle. SOme of the
Y-Ti-O oxides in the initial state were Y2Ti2O7-type with some deviations from the stoichiometric compo-
sition.

However, after neutron irradiation under BN-600 conditions at temperature ~ 1000°C, oxide particles
could not be described by the indicated stoichiometry. Besides, after irradiation, silicon and aluminum
were found in the oxide’s composition. In the case of taking these elements into account during the con-
struction of a triple composition diagram, it was shown that the oxide phases had Y2(Ti, Si, Al)207 and
Y2(Ti, Si, Al)Os types. It was established that in samples of EP-450 DUO steel in the initial state with ox-
ide particles up to 20 nm in size, the yttrium content is generally lower than the titanium concentration.
The titanium and yttrium concentrations corresponded to the stoichiometric composition Y2Ti2O7 (1:1) with
a further increase in the average diameter of these phases. After irradiation, the situation changed some-
what: the yttrium content in most oxide phases exceeds the total concentration of titanium, silicon, and
aluminum.

The paper also presents the analysis of porosity and evolution of grain structure in EP-450 DUO
steel after neutron irradiation.

Keywords: DUO-steels, oxide phases, neutron irradiation, steel EP-450 DUO

© 2022
NRC “Kurchatov Institute” — CRISM “Prometey”
http://www.crism-prometey.ru

Scientific and Technical Journal
“Voprosy Materialovedeniya”




DOI: 10.22349/1994-6716-2022-111-3-109-130
REFERENCES
1. Wharry, J.P., Swenson, M.J., Yano, K.H., A review of the irradiation evolution of dispersed oxide

nanoparticles in the b.c.c. Fe—Cr system: Current understanding and future directions, J. Nucl. Mater.,
2017, V. 486, pp. 11-20.

2. Allen, T.R., Gan, J., Cole, J.I., Miller, M.K., Busby, J.T., Shutthanandan, S., Thevuthasan, S.,
Radiation response of a 9 chromium oxide dispersion strengthened steel to heavy ion irradiation, J. Nucl.
Mater., 2008, V. 375, No 1, pp. 26-37.

3. Chen, T., Gigax, J.G., Price, L., Chen, D., Ukai, S., Aydogan, E., Maloy, S.A., Garner, F.A., Shao,
L., Temperature dependent dispersoid stability in ion-irradiated ferritic-martensitic dual-phase oxide-
dispersion-strengthened alloy: Coherent interfaces vs. incoherent interfaces, Acta Mater., 2016, V. 116,
pp. 29-42.

4. Auger, M.A., Hoelzer, D.T., Field, K.G., Moody, M.P., Nanoscale analysis of ion irradiated ODS
14YWT ferritic alloy, J. Nucl. Mater., 2020, V. 528.

5. Lescoat, M.-L., Ribis, J., Chen, Y., Marquis, E.A., Bordas, E., Trocellier, P., Serruys, Y., Gentils,
A., Kaitasov, O., de Carlan, Y., Legris, A., Radiation-induced Ostwald ripening in oxide dispersion
strengthened ferritic steels irradiated at high ion dose, Acta Mater., 2014, V. 78, pp. 328-340.

6. Ribis, J., Bordas, E., Trocellier, P., Serruys, Y., de Carlan, Y., Legris, A., Comparison of the
neutron and ion irradiation response of nanooxides in oxide dispersion strengthened materials, J. Mater.
Res., 2015 V. 30, No 14, pp. 2210-2221.

7. Certain, A., Kuchibhatla, S., Shutthanandan, V., Hoelzer, D.T., Allen, T.R., Radiation stability of
nanoclusters in nano-structured oxide dispersion strengthened (ODS) steels, J. Nucl. Mater., 2013,
V. 434, No 1-3, pp. 311-321.

8. Ukai, S., Ohtsuka, S., Kaito, T., et al., Oxide dispersion-strengthened/ferrite-martensite steels as
core materials for Generation IV nuclear reactors, Struct. Mater. Gener. IV Nucl. React., Elsevier, 2017,
pp. 357-414.

9. Klueh, R.L., Shingledecker, J.P., Swindeman, R.W., Hoelzer, D.T., Oxide dispersion-
strengthened steels: A comparison of some commercial and experimental alloys, J. Nucl. Mater., 2005,
V. 341, No 2-3, pp. 103—-114.

10. International Atomic Energy Agency: Structural Materials for Liquid Metal Cooled Fast Reactor
Fuel Assemblies — Operational Behaviour STI/PUB/1548, IAEA Nucl. Energy Ser., Vienna, 2012.

11. Nikitina, A.A., Ageev, V.S., Chukanov, A.P., Tsvelev, V.V., Porezanov, N.P., Kruglov, O.A. R&D
of ferritic-martensitic steel EP450 ODS for fuel pin claddings of prospective fast reactors, J. Nucl. Mater.,
2012, V. 428, No 1-3, pp. 117-124.

12. Nikitina, A.A., Ageev, V.S., Leontyeva-Smirnova, M.V., Mitrofanova, N.M., Naumenko, |.A,,
Tselishchev, A.V., Chernov, V.M., Razvitie rabot po konstruktsionnym materialam aktivhykh zon bystrykh
reaktorov [Development of works on the structural materials of active zones fast reactors], Afomnaya
Energiya, 2015, V. 119, No 5, pp. 243-249.

13. Gurovich, B.A., Frolov, A.S., Kuleshova, E.A., Maltsev, D.A., Safonov, D.V., Fedotova, S.V.,
Kochkin, V.N., Panferov, P.P., Structural evolution features of the 42XNM alloy during neutron irradiation
under VVER conditions, J. Nucl. Mater., 2021, V. 543, p. 152557.

14. Miller, M.K,, Forbes, R.G., Atom-Probe Tomography, Boston, MA: Springer US, 2014.

15. Marquis, E.A., Hyde, J.M., Applications of atom-probe tomography to the characterisation of
solute behaviours, Mater. Sci. Eng. R Reports, 2010, V. 69, No 4-5, pp. 37-62.

©2022 . Scientific and Technical Journal
NRC “Kurchatov Institute” — CRISM “Prometey” “\/oprosy Materialovedeniya”

http://www.crism-prometey.ru




16. Menut, D., Béchade, J.-L., Cammelli, S., Schlutig, S., Sitaud, B., Solari, P.L., Synchrotron
radiation investigations of microstructural evolutions of ODS steels and Zr-based alloys irradiated in
nuclear reactors, J. Mater. Res., 2015, V. 30, No 9, pp. 1392-1402.

17. Ribis, J., Structural and chemical matrix evolution following neutron irradiation in a MA957 oxide
dispersion strengthened material, J. Nucl. Mater., 2013, V. 434, No 1-3, pp. 178-188.

18. Rogozhkin, S. V., Aleev, A. A., Zaluzhny, A. G., Nikitin, A. A., Iskandarov, N. A., Vladimirov, P.,
Lindau, R., Méslang, A., Atom probe characterization of nano-scaled features in irradiated ODS Eurofer
steel, J. Nucl. Mater., 2011, V. 409, No 2, pp. 94-99.

19. Lescoat, M.-L., Ribis, J., Gentils, A., Kaitasov, O., de Carlan, Y., Legris, A., In situ TEM study of
the stability of nano-oxides in ODS steels under ion-irradiation, J. Nucl. Mater., 2012 V. 428, No 1-3,
pp. 176-182.

20. Swenson, M.J., Wharry, J.P., The comparison of microstructure and nanocluster evolution in
proton and neutron irradiated Fe-9%Cr ODS steel to 3 dpa at 500°C, J. Nucl. Mater., 2015, V. 467,
pp. 97-112.

21. Swenson, M.J., Dolph C.K., Wharry J.P. The effects of oxide evolution on mechanical properties
in proton- and neutron-irradiated Fe—9%Cr ODS steel, J. Nucl. Mater., 2016, V. 479, pp. 426—435.

22. Monnet, I., Dubuisson, P., Serruys, Y., Ruault, M.O., Kaitasov, O., Jouffrey, B., Microstructural
investigation of the stability under irradiation of oxide dispersion strengthened ferritic steels, J. Nucl.
Mater., 2004, V. 335, No 3, pp. 311-321.

23. Akasaka, N., Yamashita, S., Yoshitake, T., Ukai, S., Kimura, A., Microstructural changes of
neutron irradiated ODS ferritic and martensitic steels, J. Nucl. Mater., 2004, V. 329-333, pp. 1053-1056.

24. Miller, M.K., Hoelzer, D.T., Effect of neutron irradiation on nanoclusters in MA957 ferritic alloys,
J. Nucl. Mater., 2011, V. 418, No 1-3, pp. 307-310.

25. Kuksenko, V., Pareige, C., Genevois, C., Cuvilly, F., Roussel, M., Pareige, P., Effect of neutron-
irradiation on the microstructure of a Fe—12at.%Cr alloy, J. Nucl. Mater., 2011, V. 415, No 1, pp. 61-66.

26. Bachhav, M., Robert Odette, G., Marquis, E.A. a' precipitation in neutron-irradiated Fe—Cr
alloys, Scr. Mater., 2014, V. 74, pp. 48-51.

27. Bachhav, M., Robert Odette, G., Marquis, E.A., Microstructural changes in a neutron-irradiated
Fe—15 at.%Cr alloy, J. Nucl. Mater., 2014, V. 454, No 1-3, pp. 381-386.

28. Rogozhkin, S.V., Iskandarov, N.A., Aleev, A.A., Zaluzhny, A.G., Kuibida, R.P., Kulevoi, T.V.,
Chalykh, B.B., Leontieva-Smirnova, M.V., Mozhanov, E.M., Investigation of the influence of irradiation
with Fe ions on the nanostructure of ferritic martensitic steel EK-181, Inorg. Mater.: Appl. Res. — 2013, V.
4, No 5, pp. 426—430.

29. Styman, P.D., Hyde, J.M., Wilford, K., Parfitt, D., Riddle, N., Smith, G.D.W., Characterisation of
interfacial segregation to Cu-enriched precipitates in two thermally aged reactor pressure vessel steel
welds, Ultramicroscopy, 2015, V. 159, pp. 292-298.

UDC 621.039.534:669.15'26-194:620.193

CORROSION RESISTANCE OF 12% CHROME STEEL UNDER THE OPERATION CONDITIONS
OF A STEAM GENERATOR OF A REACTOR PLANT WITH SODIUM COOLANT

A.S. KUDRYAVTSEV, Cand. Sc. (Eng), S.A. SUVOROV, D.A. ARTEMIEVA,
R.M. RAMAZANOV, Cand. Sc. (Eng)

NRC “Kurchatov Institute” — CRISM “Prometey”, 49 Shpalernaya St, 191015, St Petersburg,
Russian Federation. E-mail: mail@crism.ru

©2022 . Scientific and Technical Journal
NRC “Kurchatov Institute” — CRISM “Prometey” “\/oprosy Materialovedeniya”

http://www.crism-prometey.ru




Revised January 27, 2022
Revised June 28, 2022
Accepted June 30, 2022

Abstract—The influence of an aqueous medium and superheated steam on the corrosion resistance and
resistance to corrosion-mechanical destruction of 07Kh12NMFB steel in various operating modes of a
steam generator of a promising high-power sodium-cooled reactor plant has been studied. Steel of this
grade meets the requirements for the operation of heat exchange pipes and vessel elements of direct-
flow steam generators of a reactor plant in terms of corrosion resistance and corrosion-mechanical
strength.

Keywords: chromium steel, steam generator, sodium coolant, corrosion resistance, resistance to
corrosion-mechanical destruction.
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Abstract—The paper considers the behavior under irradiation of the METMET fuel composition, which
consists of particles of uranium-molybdenum alloy in a matrix of zirconium alloys. Post-reactor investiga-
tions confirmed the satisfactory performance of pilot fuel elements irradiated in the MIR reactor to a
burnup of 61 MW day/kgU under significant thermal loads. The structural stability of the fuel under irradia-
tion, good compatibility of the fuel rod components with each other could be noted. Fuel rods with MET-
MET fuel composition have good prospects for use in reactors of floating nuclear power units and low-
capacity nuclear plants, as well as a tolerant fuel.
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