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INFLUENCE OF MEDIUM-TEMPERATURE ADDITIONAL TEMPERING ON THE DEPTH OF
NITRATED LAYER OF THE SPARE PARTS MANUFACTURED OF 38Kh3M1F1A STEEL

M.I. OLENIN, Cand Sci (Eng), V.I. GORYNIN, Dr Sci (Eng)

NRC “Kurchatov Institute” — CRISM “Prometey”, 49, Shpalernaya St, 191015 St Petersburg,
Russian Federation. E-mail: mail@crism.ru
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Abstract—The paper proposes technology for increasing the depth of the nitrated layer of bainitic-
martensitic steel. It is shown that the introduction of medium-temperature additional tempering into the
technology of nitriding after thermal improvement makes it possible to increase the depth of the nitrated
layer of spare parts made of 38X3M1F1A steel without changing its mechanical properties.

Keywords: bainitic-martensitic steel, nitriding, increase of the depth of the nitrated layer, medium
temperature, additional tempering, mechanical properties
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INVESTIGATION AND DEVELOPMENT OF LOW-CARBON STEEL WITH DESIGNED STRUCTURE
AND PROPERTIES FOR AUTOMOBILE STATORS IMPROVING ITS OUTPUT CHARACTERISTICS
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Abstract—The analysis of the properties of the cold-rolled tape made of steel 08kp-OM intended for
the manufacture of stator plates was carried out and it was established that the reasons for the relatively
low magnetic and electric current speed characteristics for automobile generators are the non-uniform
structure of steel (ferrite grain size equals to 6-9 points) and relatively low ductility (not more than 23%).
In order to increase the magnetic characteristics of the stator and the output characteristics of domestic
generators low-carbon steel 035Yu with a specified structure (the grain size of ferrite 7—8 points) and
increased ductility (35—41%) was developed to replace 08kp-OM steel. The steel 035Yu applied in stators
assembling by the “on the rib” method made it possible to raise the magnetic and output characteristics of
generators 94.3701 and its modifications to the level of KC generators Bosch.

Keywords: stator, generator, low-carbon steel, ferrite grain size, cold-rolled tape, magnetic
properties
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PHASE SEPARATION CAUSED BY ACCELERATED AGING IN STRONGLY TEXTURED STRIP
OF Ti—33Nb (at. %) ALLOY DUE TO ACCELERATED AGING

V.V. GURYEYV, S.V. SHAVKIN, A.V. IRODOVA, Dr Sci (Phys-Math), V.S. KRUGLOV, Cand. Sci (Eng)

National Research Center “Kurchatov Institute”, 1, Akademika Kurchatova Square,
123182 Moscow, Russian Federation. E-mail: GuryevVV@mail.ru
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Abstract—Key physical properties of superconducting titanium-niobium alloys as regards its
practical use such as current density and elastic moduli are determined by its phase composition and
microstructure. In this paper we present the study of phase separation in a thin highly textured cold-rolled
tape of superconducting Ti-33Nb (at%) alloy subjected to accelerated aging for 25 hours at 385°C. It is
found that heat treatment leads to the precipitation of strongly textured microparticles of
nonsuperconducting a-phase with a hexagonal close-packed structure (hcp) in the initial superconducting
B-phase with a body-centered cubic structure (bcc). It is established that a-phase inherits the
crystallographic texture of the initial B-phase in accordance with Burgers model for the martensitic
transformation bcc — hcp. Based on the generalization of the experimental data, it was concluded that
heat treatment of Ti-33Nb (at%) tape increases the content of a-phase in it since less than 1% to 6% by
volume.

Keywords: titanium-niobium alloy, crystallographic texture, phase separation, phase transition, heat
treatment, texture inheritance
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PARTICULAR THERMAL EFFECTS FEATURES OF COATINGS FABRICATED BY COLD GAS
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The paper presents research results of coatings made of powder mixtures on the basis of Al, Ni and
Ti fabricated by cold gas dynamic spraying. The coatings were investigated by differential scanning
calorimetry of thermal processes under thermal loading at temperatures from 20 to 1100°C.

Key words: coatings, powder mixtures, cold gas dynamic spraying, thermal load, differential
scanning calorimetry.
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Abstract—The paper considers specific features of the process of microwires casting by high-speed
melt quenching. The conditions for selecting a metal-glass pair are determined to achieve the required
technological and mechanical properties of microwires. The alloy of the Cu-Zr—Si—B system is investigated
and its optimal composition is determined, it seems promising for casting microwires with high
thermoelectromotive force (thermo e.m.f.) using standard technology. The thermoelectric power of the
obtained microwires is more than 40 pV-K™', showing great promise for microthermocouples manufacturing.

Keywords: cast microwire, thermoelectromotive force (thermo e.m.f.), alloy composition, casting
technology
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HARDNESS AND WEAR-RESISTANCE OF ELECTRON BEAM COATINGS SURFACED WITH
TITANIUM CARBIDE - TITANIUM MATRIX SYNTHESIZED COMPOSITE POWDERS
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Abstract—Electron-beam surfacing of titanium — titanium-carbide composite powders with different
contents of titanium binder was used to produce coatings thick up to 3-5 mm on VT1-0 titanium
substrates. Deposited coatings structure was studied. Partial or complete dissolution of the carbide phase
of the initial composite powders in the melt pool was detected. So coatings’ structure contains both the
initial and recrystallized carbide particles. Hardness and abrasive wear resistance of the coatings were
tested, as well as fracture toughness of the carbide particles. Microhardness dependence profiles for
transition zone “coating-substrate” were constructed. It was established that hardness increases
maximum 3.7 times in comparison with VT1-0 alloy, and wear resistance 21.6 times. Hardness increases
2.2 times and wear resistance 13.8 times compared with VT6 alloy. The obtained results could be of use
to the technologies of wear-resistant coatings production when surfacing the most important parts made
of titanium and its alloys.

Keywords: self-propagating high-temperature synthesis, metal-matrix composites, titanium carbide,
titanium, surfacing, dissolution in the melt pool, microstructure, hardness, abrasive wear resistance, wear
mechanism, fracture toughness
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Abstract—Micron-sized aluminum hydroxide particles were obtained by ion exchange. This method
provides dispersion and crystallization of the gel under the influence of ion exchange resins after their
mixing with air, and also changes in its microstructure. In this case, the modification, dispersion and
cleansing of the gel are carried out in one operation. As a result, ultrafine (1 um) particles of ultrapure
(98.5%) aluminum hydroxide were produced. The particles characteristics were obtained by scanning
electron microscope, IR-spectroscopy, X-ray fluorescence analysis, etc.

Key words: micron particles, aluminum hydroxide, gel, ion-exchange method.
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INFLUENCE OF THE MICROWAVE ELECTROMAGNETIC FIELD ON THE MICROSTRUCTURE
OF PRODUCTS DESIGNED BY THREE-DIMENSIONAL PRINTING FROM NON-METALLIC
COMPOSITE MATERIALS
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Abstract—Additive technologies are one of the promising directions of digital multiproduct
manufacturing. At the same time, these products, especially nonmetallic materials, are characterized by
significant anisotropy of physical and mechanical properties and a low level of strength in a complex
deformed state and under conditions of dynamic alternating loads, especially when bending. The authors
study changes in the microstructure and macrogeometry of objects formed by three-dimensional printing,
after exposure to microwave electromagnetic field of varying power. The technologies of 3DP powder
manufacturing and fused deposition modeling (FDM) using the polymer thread have been considered.
The microwave field with an average specific power of 2,450 MHz enhances the density and homogeneity
of the structure of powder and polymer materials, the pore size reduces by 24% and its dispersion by
almost 30%. The ABS thermoplastic samples’ diameter reduces and geometric accuracy in the cross
section increases significantly in comparison with the control samples. The paper investigates
microstructure confirming that microwave electromagnetic field increases the strength of the binder in
products obtained by 3DP and the strength of the main polymer material in products obtained by FDM.

Keywords: additive technologies, powder composite materials, polymer thread, interlayer interaction,
microwave electromagnetic field, specific power, exposure time, microstructure, pores, geometric shape
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POLYMER COMPOSITES FOR CIVIL ENGINEERING FABRICATED BY PULTRUSION PROCESS
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Abstract—The paper reviews the use of various substances reducing the flammability of polymer
materials. The results of studies on the development and optimization of pultrusion process conditions are
presented. Electrical, thermal and physical-mechanical characteristics of samples of fiberglass are
investigated. A review of the method of machining such as cutting metric thread on a fiberglass rod is given.

Keywords: pultrusion, polymer composites, epoxy resins, glass mat, fiberglass, fire safety,
mechanical processing, carving, electrically insulating screed
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Abstract—The paper studies the development of tribotechnical materials on the basis of
polytetrafluoroethylene and carbon fibers proposing polymer materials of new compositions and its
production technology. New composites can be used for structural products, due to the high level of its
mechanical properties.
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Abstract—Heat resistance of glass fiber plastics depends mostly on heat resistance of polymer
matrix (binder) and technological modes of production. Increasing of heat resistance and strength of
electric insulation makes it possible to improve electric machines features and prolong their working life.
Hot pressing technology was developed and glass fiber plastic articles for ship electric insulation parts of
ship moving complex (main and servicing diesel generators, turbo-generators, electric motors) were
manufactured. Exploitation modes were settled for electric insulation from different types of binders and
reinforcing materials based on alkali-free, quartz, siliceous high modulus and high strength glass fibers.
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Abstract—Article deals with the problem of fire resistance for resins used in shipbuilding; the results
of researching incombustible phosphorous epoxyvinylester resin VE-PHAS and vinylester binder are
given. In addition, the properties of resin in accordance of curing system content, mechanical properties
of fiberglass based on VE-PHAS and firesafety are presented.

Keywords: polymeric composition material, fiberglass, epoxyvinylester resin, binder,
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Abstract—The paper describes new technology of joints welding during power vessel
manufacturing for nuclear icebreakers from heat-resistant 15Kh2MFA steels by reinforced low-carbon
hardening. The metal of the reinforced low-carbon surfacing is often softened by repeated technological
releases, to which the assembly units of equipment are subjected. This reliable technology is a safe way
to ensure the operation of equipment for nuclear icebreakers reactors when heat treatment of welded
joints is not possible.

Keywords: icebreaker's nuclear power plants, assembly welds, reinforced low-carbon hardening
surfacing
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Abstract—The paper investigates effect of welding modes, temperature, technological tempering,
and welding flux type on the strength properties of weld metal as applied to reinforced low-carbon
surfacing nuclear power units’ equipment designated for transport.
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Abstract—The authors investigate influence of alloying elements of the weld metal on its
characteristics regarding the performance of reinforced low-carbon surfacing and assembly welds of
nuclear power plants for icebreakers. In order to increase the level of service characteristics, especially
the resistance against brittle fracture of the weld metal of nuclear power units made of 15Kh2MFA steels;
agglomerated flux 48AF-71 has been developed and certified instead of AN-42M fused flux. It seems
rational to use a single flux grade for welding of shells, bottoms and flanges of transport nuclear power
units, and for performing reinforced low-carbon surfacing. When welding is processed in combination with
low-activity agglomerated flux, silicon and manganese are not reduced to the weld metal, as is takes
place under fused fluxes. Therefore, it is necessary to use a welding wire containing alloying elements
that ensures the formation of the necessary structure and mechanical properties of the weld metal.

Keywords: transport nuclear power units, reinforced low-carbon hardening, agglomerated flux,
alloying elements, welded metal, mechanical properties
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Abstract—The paper studies electrochemical characteristics of aluminum, magnesium and zinc
protective alloys (protective potential, current output, useful ratio) in sea water and other corrosive
environments containing hydrogen sulfide. The electrochemical characteristics of aluminum protective
alloys depend to a lesser extent on the chemical composition of the working environment, the presence of
hydrogen sulfide than those of zinc alloys. Hydrogen sulfide, even at low concentrations (10%),
significantly reducesthe effectiveness of zinc alloys properties (by 40% or more).
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environments, chemical composition, hydrogen sulfide
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Abstract—The article describes strength estimated values for aviation materials considering limit
state materials in the structure. Solid body is presented in two states — monolithic solid body and solid
body with a crack. Matrix of limit state materials is proposed, that allows identifying areas of research to
evaluate strength estimated values under external factors impact, in particular, when exposed to the
corrosive environment.

Keywords: limit state materials, strength estimated values, evaluation, corrosive environment
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Abstract—The paper presents results of the investigation of the metal of the main circulation
pipeline of the WWER-1000 reactor after operation at the South Ukraine NPP during 200 thousand hours.
Structure changes of the 10GN2MFA steel with signs of metal aging were revealed by metallography,
scanning electron microscopy, micro-X-ray spectral analysis. It is also shown that in the problem of
extending the life of the pipeline, it is promising to use the technique of small-scale cuttings to determine
the properties of the metal by direct methods without violating the integrity and strength of the structure.

Keywords: main circulation pipeline, operational life-time, 10GN2MFA steel, properties, structure,
aging of metals

DOI: 10.22349/1994-6716-2017-92-4-183-192
REFERENCES

1. Zelensky, V.F., Nekliudov, .M., Ozhigov, L.S., Pyshny, V.M., Mitrofanov, A.S.,
Gozhenko, S.V., Savchenko, V.I., Bryk, V.V., Rybalchenko, N.D., Ispolzovanie mikroobraztsov
dlia kontrolya mekhanicheskikh svoistv i evoliutsii mikrostruktury osnovnogo metalla glavnogo
tsirkuliatsionnogo truboprovoda (stal T0GN2MFA) energobloka No 1 OP YUUAES posle 100 tys. chasov
ekspluatatsii [Use of micro-samples to control the mechanical properties and evolution of the microstructure
of the main metal of the main circulation pipeline (10GN2MFA steel) of the power unit No. 1 of the South
Ukraine NPP after 100,000 hours of operation], Voprosy atomnoy nauki i tekhniki, 2000, No 4, pp. 63—-75.

2. Nekliudov, I.M., Ozhigov, L.S., Mitrofanov, A.S., Gozhenko, S.V., Savchenko,
V.l., Bryk, V.V., Rybalchenko, N.D., Krainiuk, E.A., Bazhukov, A.V., Melnik, P.E.,
Alexeychuk, V.V., Rezultaty issledovaniy mekhanicheskikh svoystv metalla truboprovodov
energobloka No 2 YUU AES posle 100 tys. chasov ekspluatatsii [Results of research of mechanical
properties of metal of pipelines of power unit No 2 of South Ukraine nuclear power plant after 100
thousand hours of operation], Voprosy atomnoy nauki i tekhniki, 2004, No 3, pp. 52-58)

3. Nekliudov, I.M., Ozhigov, L.S., Gozhenko, S.V., Mitrofanov, A.S., Mishenko,
P.A., Oborudovanie i opyt primeneniya metodiki opredeleniya mekhanicheskikh svoystv metalla s
pomoshchyu mikroobraztsov pri kontrole GTST energoblokov AES Ukrainy posle dlitelnoy ekspluatatsii

© 2017 CRISM “Prometey” Scientific and Technical Journal
http://www.crism-prometey.ru "Voprosy Materialovedeniya”



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

[Equipment and experience of application of the technique for determining the mechanical properties of
metal using micro samples under the control of main circulation pipeline of power units of Ukrainian NPPs
after long-term operation], Proceedings of Sevastopolsky institut yadernoy energii i promyshlennosti,
2004, No. 12, pp. 108-112.

4. Guliaev, A.P., Metallovedenie [Metal science], Moscow: Metallurgiya, 1978.

5. Skakov, Yu.A., Starenie metallicheskikh splavov [Aging of metal alloys], Metallovedenie, 1971,
pp. 118-132.

6. Nokhrin, A.V., Chuvildeev, V.N., Starenie staley trub magistralnykh gazoprovodov [Aging
of steel pipes of main gas pipelines], Vestnik Nizhegorodskogo universiteta, 2010, No. 5 (2), pp. 171-180.

UDC 669.15-194:621.039.531:620.194.2

INVESTIGATION OF STRESS CORROSION CRACKING MECHANISMS TYPICAL FOR WWER
INTERNALS STEEL BY TESTING OF MODELED MATERIAL

B. Z. MARGOLIN, Dr. Sci. (Eng), N. E. PIROGOVA, V. A. POTAPOVA, A. A. SOROKIN, Cand. Sc. (Eng),
N. V. BARDASHOVA, S. N. PETROV, Cand. Sci. (Eng), M. S. MIKHAILOV

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

Received Jule 13, 2017, in final form, November 20, 2017

Abstract—Different hypotheses of irradiation assisted stress corrosion cracking for internals materials in
the light water reactor environment have been analyzed. Irradiation-induced grain-boundary chromium
depletion, localized deformation, material hardening were considered. Heat treatment and cold working of
18Cr—10Ni-Ti steel were made to simulate the influence of neutron irradiation. Autoclave tests in the light
water reactor environment at a temperature 290°C and at a strain rate of 3107 s were carried out.
18Cr—10Ni-Ti steel specimens in the initial state, after heat treatment and after heat treatment followed
by cold working were used. Fracture surfaces and lateral surfaces of specimens were examined by
scanning electron microscopy. The microstructure of the material was also examined using transmission
electron microscopy. It was shown that the grain-boundary chromium depletion and the material
hardening are not the main causes of corrosion cracking of 18Cr—10Ni-Ti steel in the primary coolant
deoxygenated environment. The localization of deformation has a profound effect on corrosion cracking in
the absence of the grain boundary sliding. The conditions determining the crack propagation by the
corrosion cracking mechanism are defined.

Keywords: stress corrosion cracking, WWER internals, 18Cr—10Ni-Ti steel, autoclave tests, testing
of modeled material

ACKNOWLEDGEMENTS

Experimental studies were performed on the equipment of the “Test and Technological Complex of
Irradiated and Radionuclide Materials” and Center for Collective Use “Composition, Structure and
Properties of Structural and Functional Materials” of the NRC “Kurchatov Institute” — CRISM “Prometey”
with financial support of the Ministry of Education and Science of Russian Federation within the
framework of the agreement 14.595.21.0004.

DOI: 10.22349/1994-6716-2017-92-4-193-218

REFERENCES

1. Margolin, B.Z., Varovin, A.Ya., Minkin, A.l., Sorokin, A.A., Piminov, V.A., Evdokimenko V.V.,
Fedosovsky, M.E., Sherstobitov, A.E., Ovchinnikov, A.G., Erak, D.Yu., Bobkov, A.V., Timofeev, A.M.,
Timokhin, V.I., Yakushev, S.V., Vasiliev, V.G., Opredeleniye izmeneniya geometrii vigorodki reaktora
VVER-1000 v protsesse ekspluatatsii. Raschet i izmerenie. [Determination of in-service change in the
geometry of WWER-1000 core baffle: calculations and measurements], Voprosy Materialovedeniya,
2015, No 3 (83), pp. 182-196.

2. Karzov, G.P., Margolin, B.Z., Osnovnye mekhanizmi radiatsionnogo povrezhdeniya materialov
VKU i materialovedcheskie problemi ikh dlitelnoy ekspluatatsii [Main mechanisms of radiation damage of
WWER PVI materials and material science issues of PVI longtime operation], Rosenergoatom, 2015, No
2, pp. 8-15.

© 2017 CRISM “Prometey” Scientific and Technical Journal
http://www.crism-prometey.ru "Voprosy Materialovedeniya”



http://www.crism-prometey.ru/
mailto:mail@crism.ru

3. Pogodin, V.P., Bogoyavlensky, V.L., Sentyurev, V.P., Mezhkristallitnaya korroziya i
korrozionnoe rastreskivanie nerzhaveyushchih stalei v vodnykh sredakh [Intergranular corrosion and
stress corrosion cracking of stainless steels in water environment], Moscow: Atomizdat, 1970.

4. Namburi, H.K,, Hojna, A., Zdenek, F., Effect of tensile strain on microstructure of irradiated
core internal material, Proc. of the 24th International Conference Nuclear Energy for New Europe,
Slovenia, Portoroz, 2015.

5. Ernestova, M., Influence of the Neutron Spectrum on the Sensitivity to IASCC and
Microstructure of CW 316 Material, Proceedings of the 8th International Symposium Fontevraud 8,
Contribution of Materials Investigations and Operating Experience to LWRs Safety, Performance and
Reliability, SFEN, 2014.

6. Pokor, C., Toivonen, A,, Wintergerst, M., et al., Determination of the time to failure curve as
a function of stress for a highly irradiated AISI 304 stainless steel after constant load tests in simulated PWR
water environment, Proceedings of Fontevraud 7 Conference “Contribution of Materials Investigations to
Improve the Safety and Performance of LWRs”, 26-30 Sept. 2010, Avignon, O3-A008-T2.

7. Bruemmer, S.M, Simonen, E.P, Scott, P.M,, et al., Radiation-induced material changes and
susceptibility to intergranular failure of light-water-reactor core internals, J. Nucl. Mater., 1999, No 274,
pp. 299-314.

8. Arioka, K., Yamada, T., Terachi T., et al.,, Influence of Carbide Precipitation and Rolling
Direction on Intergranular Stress Corrosion Cracking of Austenitic Stainless Steels in Hydrogenated High-
Temperature Water, Corrosion , 2006, No 62, pp. 568-572.

9. Lozano-Perez, S., Yamada, T., Terachi, T., et al.,, Multi-scale characterization of stress
corrosion cracking of cold-worked stainless steels and the influence of Cr content, Acta Materialia, 2009,
No 57, pp. 5361-5381.

10. Fukuya, K., Current understanding of radiation-induced degradation in light water reactor
structural materials, Journal of Nuclear Science and Technology, 2013, No 50(3), pp. 213—-254.

11. Jacobs, A.J.,, Wozadlo, J.P., Nakata, K., et al., Radiation effects on the stress corrosion and
other selected properties of type 304 and type 316 stainless steel, Proceedings of 3rd Intern. Symp. On
Environmental Degradation of Materials in Nuclear Power Systems Water Reactors, 1988, pp. 673—680.

12. Scott, P., A review of irradiation assisted stress corrosion cracking, J. Nucl. Mater., 1994,
No 211, pp. 101-122.

13. Bruemmer, S.M., Charlot, L.A., Atterige, D.G., Sensitization development in austenitic
stainless steels-measurement and prediction of thermomechanical history effects, Corrosion, 1987,
No 44, p. 427.

14. Jacobs, AJ., Wozadlo, J.P., Nakata, K., et al., Grain boundary composition and irradiation-
assisted stress corrosion cracking resistance in type 348 stainless steel, Corrosion, 1994, No 50,
pp. 731-740.

15. Fujii, T., Tohgo, K., Kenmochi, A., et al., Experimental and numerical investigation of stress
corrosion cracking of sensitized type 304 stainless steel under high-temperature and high-purity water,
Corrosion Science, 2015, No 97, pp. 139-149.

16. Logan, H.L., Stress Corrosion of Metals, John Wiley & Sons Inc., 1967.

17. Busby, J.T., Was, G.S., Kenik, E.A,, Isolating the effect of radiation-induced segregation in
irradiation-assisted stress corrosion cracking of austenitic stainless steels, J. Nucl. Mater., 2002,
No 302, pp. 20—40.

18. Chung, H.M., Ruther, W.E., Sanecki, J.E., et al., Irradiation-assisted stress corrosion
cracking of austenitic stainless steels: recent progress and new approaches, J. Nucl. Mater., 1996,
No 239, pp. 61-79.

19. Fukuya, K.; Nishioka, H.; Fujii, K., et al., Characterization of surface oxides formed on
irradiated stainless steels in simulated PWR primary water, Proceedings of Fontevraud 8: Conference on
Contribution of Materials Investigations and Operating Experience to LWRs Safety, Performance and
Reliability, Avignon, 2014.

20. Zuyok, V.A, Rud, R.A,, Petelguzov, LA, et al., Metodologiya issledovaniya korrozionnykh
plenok na nerzhaveyuschikh stalyakh [Methodology for research of oxide films on stainless steels],
Voprosy atomnoy nauki i tekhniki, 2010, No 1(95), pp. 141-149.

© 2017 CRISM “Prometey” Scientific and Technical Journal
http://www.crism-prometey.ru "Voprosy Materialovedeniya”



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

21. Hanninen, H., Aho-Mantila, |, Torronen, K., Environment sensitive cracking in pressure
boundary materials of light water reactors, Journal of Pressure Vessel and Piping, 1987, No 30, pp. 253—
291.

22. Scott, P.M., Environment-assisted cracking in austenitic components, Journal of Pressure
Vessel and Piping, 1996, No 65, pp. 255-264.

23. Margolin, B.Z., Fedorova, V.A,, Filatov, V.M., Durability evaluation method for vessel
internals of VVER by criterion of initialization of intergranular stress corrosion cracking of irradiated
austenitic steels, Inorganic Materials: Applied Research, 2011, V. 2, Issue 6, pp 624—632.

24. Jiao, Z., Busby, J.T., Was, G.S., Deformation microstructure of proton-irradiated stainless
steels, J. Nucl. Mater., 2007, No 361, pp. 218-227.

25. Was, G.S., Farkas, D., Robertson, I.M., Micromechanics of dislocation channeling in
intergranular stress corrosion crack nucleation, Current Opinion in Solid State and Materials Science.,
2012, No 16, pp. 134-142.

26. Karlsen, W., Diego, G., Devrient, B., Localized deformation as a key precursor to initiation of
intergranular stress corrosion cracking of austenitic stainless steels employed in nuclear power plants,
J. Nucl. Mater., 2010, No 406, pp. 138-151.

27. Margolin, B.Z., Gulenko, A.G., Buchatsky, A.A., Nesterova E. V., Kashtanov A. D,,
Study of the effect of thermal aging on durability and plasticity of Kh18N9 steel, Inorganic Materials:
Applied Research, 2011, No 2(6), pp 633—639.

28. Jiao, Z., Was, G.S., Localized deformation and IASCC initiation in austenitic stainless steels,
J. Nucl. Mater., 2008, No 382, pp. 203—209.

29. Little, E.A., Fracture mechanics evaluations of neutron irradiated type 321 austenitic steel,
J. Nucl. Mater., 1986, No 139, pp. 261-276.

30. Li, X., Almazouzi, A., Deformation and microstructure of neutron irradiated stainless steels
with different stacking fault energy, J. Nucl. Mater., 2009, No 385, pp. 329-333.

31. Hirth, J.P.,, Lothe, J., Theory of dislocation, 2nd ed., Krieger Publishing; 1991.

32. Chen, Y., Rao, AS., Alexandreanu, B. et al., Slow strain rate tensile tests on irradiated
austenitic stainless steels in simulated light water reactor environments, Nuclear Engineering and Design,
2014, No 269, pp. 38-44.

33. Hanninen, H, Aho-Mantila, I, Torronen, K., Environment Sensitive Cracking in Pressure
Boundary Materials of Light Water Reactors, Journal of pressure vessel and piping, 1987, No 30,
pp. 253-291.

34. Bali, S.C., Kain, V., Raja, V.S., Effect of low-temperature sensitization on intergranular stress
corrosion cracking behavior of austenitic stainless steels in simulated boiling water reactor environment,
Corrosion, 2009, No 65(11), pp. 726—740.

35. Hide, K., Onchi, T., Mayuzumi, M. et al., Intergranular cracking of irradiated thermally
sensitized type 304 stainless steel in high-temperature water and inert gas, Corrosion, 1995, No 51(10),
pp. 757-766.

36. Sorokin, AA, Margolin, B.Z., Kursevich, I.LP., Minkin A.l., Neustroev V. S., Beloserov
S. V. Effect of neutron irradiation on tensile properties of materials for pressure vessel internals of WWER
type reactors, J. Nucl. Mater., 2014, No 444, pp. 373-384.

37. Kursevich, I.P., Margolin, B.Z., Prokoshev, O.Yu., Kohonov V. |., Mehanicheskie svoistva
austenitnykh staley pri neytronnom obluchenii: vliyanie razlichnykh faktorov [Mechanical properties of
austenitic steels on neutron irradiation: the effect of various factors], Voprosy Materialovedeniya, 2006,
No 4(48), pp. 55-68.

38. Massoud, T., Maurice, V., Klein, L., et al., Nanostructure and local properties of oxide layers
grown on stainless steel in simulated pressurized water reactor environment, Corrosion Science, 2014,
No 84, pp. 198-203.

39. Scully, J.C., The fundamentals of corrosion, 3rd ed., Butterworth-Heinemann, 1990.

40. Jiao, Z.,, Was, G., Miura, T., Aspects of ion irradiations to study localized deformation in
austenitic stainless steels, J. Nucl. Mater., 2014, No 452, pp. 328-334.

© 2017 CRISM “Prometey” Scientific and Technical Journal
http://www.crism-prometey.ru "Voprosy Materialovedeniya”



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

41. Margolin, B.Z., Gulenko, A.G., Buchatsky, A.A., et al., Prognozirovaniye skorosti rosta
treschini v austenitnih materialah v usloviyakh polzuchesty i neytronnogo oblucheniya [Prediction of the
crack growth rate under creep and neutron irradiation for austenitic stainless steels], Voprosy
Materialovedeniya, 2005, No 4(44), pp. 59-68.

42. Alexandreanu, B., Capell, B., Was, G.S., Combined effect of special grain boundaries and
grain boundary carbides on IGSCC of Ni-16Cr-9Fe—xC alloys, Materials Science and Engineering A,
2001, No 300, pp. 94-104.

43. Ulmer, D.G., Altstetter, C. J., Hydrogen-induced strain localization and failure of austenitic
stainless steels at high hydrogen concentrations, Acta Metallurgica et Materialia, 1991, No 39(6),
pp. 1237-1248.

UDC 669.295:539.3:620.18

MATHEMATICAL MODELING OF STRESS-STRAIN STATE IN TITANIUM ALLOYS
CONSIDERING THE MICROSTRUCTURE AND CRYSTAL ORIENTATION MEASURED
BY EBSD ANALYSIS

A. Yu. MUSIENKO, Cand Sc (Eng), V. P. LEONQV, Dr Sc (Eng), I. R. KOZLOVA, Cand Sc (Eng),
S. N. PETROV, Cand Sc (Chem)

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

Received June 26, 2017, in final form August 28, 2017

Abstract—Virtual structures of titanium alloys fragments are created by EBSD analysis based on
microstructural research and local crystal orientations. Uniaxial deformations are calculated by finite
element method considering crystallographic characteristics, anisotropic elastic moduli and
crystallographic slidings. Schmid factor mapping is carried out for structure fragments. Influence of the
measured orientations on intensity of theoretical pressure and deformations in the loaded elements of
polycrystalline material is considered.

Keywords: titanium alloys, crystal plasticity, EBSD-analysis, finite element method, microstructural
analysis.
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