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Abstract—This paper presents a study of changes in the structure and properties in thickness of rolled
sheets up to 100 mm of low-alloyed shipbuilding steel with a yield point not less than 420 MPa. The frac-
ture surface of samples after impact bending tests at low temperatures was investigated. It was found that
the combination of the parameters of lath morphology bainite (fraction, areas average size and length)
and the size of structural elements at given tolerance angles of 5 and 15° (indicating the presence or ab-
sence of a developed subgrain structure of deformation origin) determine the level of impact work at low
temperatures testing.

Keywords: thermomechanical treatment, sheet metal, structure in thickness, structural heterogenei-
ty, lath bainite, quasi-polygonal ferrite, mechanical properties, low temperature of tests.
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EFFECT OF NATURAL AND ARTIFICIAL AGEING ON STEEL MECHANICAL PROPERTIES
AND FRACTURE TOUGHNESS
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Abstract—The operating conditions of welded structures of shipbuilding steels, including operation at
northern latitudes, determine high requirements for their quality. Materials used for such structures should
guarantee stable mechanical properties, good processability during hull fabrication and serviceability at
subzero temperatures. Strain aging is due to the thermodynamic non-equilibrium of steel structure in its
initial state and gradual transition to the equilibrium state provided the diffusion mobility of interstitial at-
oms is sufficient. In unfavorable conditions, this can lead to the degradation of properties during pro-
cessing (cold straightening, bending, welding), operation or long-term storage. The paper studies the
probability of natural and artificial ageing processes in steels of different chemical compositions due to
bulk diffusion and carbon dislocation core diffusion (dislocation pipe diffusion). The effect of strain ageing
on mechanical properties and the CTOD parameter value has been examined.

Keywords: low-alloy steel, alloyed steel, thermomechanical controlled processing, quenching, tem-
pering, natural and artificial ageing, ferrite-bainite structure, ferrite-pearlite structure, mechanical proper-
ties, fracture toughness
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Abstract—A study of the structure of titanium alloy VT41 (Ti—Al-Si-Zr-Sn— B-stabilizers) was carried out
on a sample subjected to hot upsetting in the (a+B)-region — conditions simulating the stamping of a disk
of a gas turbine engine (GTE). The features of the formation of the textural state of primary and second-
ary globular grains, as well as the kinetics of their dissolution with an increase in the annealing tempera-
ture, have been determined. As a result of heat treatment at 995°C, the homogeneity of the alloy structure
significantly increases comparing to the deformed state, which is associated with the recrystallization of
lamellar and small-globular grains and the retention of primary globular grains of the a-phase. The se-
quence of structural changes has been established during the annealing within the temperature range
from 950 to 1040°C.

Keywords: titanium alloys, deformation, recrystallization, metallography, SEM
DOI: 10.22349/1994-6716-2021-107-3-40-50
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Abstract—This article discusses the results of corrosion tests and microstructural studies of forgings
from various titanium alloys modified with ruthenium, of systems Ti-Al-Zr + 0.15% Ru, Ti-Al-V-Mo +
0.15% Ru, Ti—Al-V-Cr-Fe—Mo + 0.15% Ru and similar systems of basic compositions. On the basis of
the performed complex of studies, the influence of the amount of the 3-phase on the local content of ru-
thenium and, as a consequence, on the effect of cathodic protection in general was analyzed.
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Abstract—This article investigates the change in the phase composition and structural state during the
thermal cycle of welding a high-alloyed titanium alloy. It is shown that structural-phase transformations in
the welded joint occurring under the influence of the thermal and deformation cycle of welding lead to the
formation of metastable phases, and its subsequent decomposition can lead to ductility losses. To bring
the metal of the welded joint to an equilibrium state, stabilizing annealing is required.

Keywords: titanium alloys, welded joint, electron microscopic examination, structure, metastable
phases, precipitation of secondary phases, microhardness

DOI: 10.22349/1994-6716-2021-107-3-63-81

ACKNOWLEDGEMENTS

Experimental studies were performed on the equipment of the Center for Collective Use “Composi-
tion, Structure and Properties of Structural and Functional Materials” of the NRC “Kurchatov Institute” —
CRISM “Prometey” with financial support from the Ministry of Science and Higher Education of the RF,
Agreement 13.L4KI1.21.0014 (075-11-2021-068), unique identifier RF—2296.61321X0014.

REFERENCES

1. Glazunov, S.G., Moiseev, V.N., Konstruktsionnye titanovye splavy [Structural titanium alloys],
Moscow: Metallurgiya, 1974.

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

Scientific and Technical Journal
“Voprosy Materialovedeniya”



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

2. Gorynin, V., Ushkov, S.S., Khatuntsev, A.N., Loshakova, N.l., Titanovye splavy dlya morskoy
tekhniki [Titanium alloys for marine engineering], St Petersburg: Politekhnika, 2007.

3. Moiseev, V.N., Kulikov, F.R., Kirillov, Yu.G., Sholokhova, L.V., Vaskin, Yu.V., Svarnye soedineni-
ya titanovykh splavov (struktura i svoystva) [Welded joints of titanium alloys (structure and properties)],
Moscow: Metallurgiya, 1978.

4. Kozlov, R.A., Svarka teploustoychivykh staley [Welding of heat-resistant steels], Leningrad:
Mashinostroenie, 1986.

5. Kozlova, I.R., Chudakov, E.V., Tretyakova, N.V., Markova, Yu.M., Vasilieva, E.A., Vliyanie
termicheskoy obrabotki na formirovanie struktury i uroven mekhanicheskikh svoystv vysokolegirovannogo
splava titana [Influence of heat treatment on the formation of the structure and the level of mechanical
properties of a high-alloy titanium alloy], Voprosy Materialovedeniya, 2019, No 4 (100), pp. 28-41.

6. Lyasotskaya, V.S., Termicheskaya obrabotka svarnykh soedineniy titanovykh splavov [Heat
treatment of welded joints of titanium alloys], Moscow: Ekomet, 2003.

7. Grabin, V.F., Struktura i svoystva svarnykh soedineniy iz titanovykh splavov [Structure and prop-
erties of welded joints from titanium alloys], Kiev: Naukova Dumka, 1964.

8. Grabin, V.F., Osnovy metallovedeniya i termicheskoy obrabotki svarnykh soedineniy iz titanovykh
splavov [Fundamentals of metallurgy and heat treatment of welded joints from titanium alloys], Kiev: Nau-
kova Dumka, 1975.

9. Shorshorov, M.Kh., Kulikov, F.R., Kirillov, Yu.G., Meshcheryakov, V.N., Splavy titana s osobymi
svoystvami. Vliyanie svarki i termoobrabotki na strukturu i svoystva vysokoprochnykh splavov titana [Tita-
nium alloys with special properties. Effect of welding and heat treatment on the structure and properties of
high-strength titanium alloys], Moscow: Nauka, 1982, pp. 87-96.

10. Shorshorov, M.Kh., Metallovedenie svarki stali i splavov titana [Metallurgy of welding of steel
and titanium alloys], Moscow: Nauka, 1965.

11. Chechulin, B.B., Khesin, Yu.D., Belova, O.S., Surkova, A.P., Splavy titana s osobymi
svoystvami. Morfologicheskie osobennosti struktury alfa splavov titana posle okhlazhdeniya iz beta-
oblasti s razlichnymi skorostyami [Titanium alloys with special properties. Morphological features of the
structure of alpha titanium alloys after cooling from the beta region at different rates], Moscow: Nauka,
1982,
pp. 68-73.

12. Lukin, V.l., Loskutov, V.M., Redtsich, V.V., Prisadochnye materialy dlya svarki kon-
struktsionnykh titanovykh splavov [Filler materials for welding structural titanium alloys], Svarochnoe pro-
izvodstvo, 2002, No 5, pp. 37—41.

13. Chechulin, B.B., Ushakov, S.S., Razuvaeva, I.N., Goldfayn, V.N., Titanovye splavy v mashi-
nostroenii [Titanium alloys in mechanical engineering], Leningrad: Mashinostroenie, 1977.

UDC 621.763:001.891

INNOVATIVE RESEARCH CARRIED OUT AT THE NANOCENTER
OF THE NRC “KURCHATOV INSTITUTE” — CRISM “PROMETEY”

T.I. BOBKOVA, Cand Sc. (Eng), R.Yu. BYSTROV, O.V. VASILIEVA, Cand Sc. (Eng),
A.F. VASILIEV, D.A. GERASHCHENKOQYV, Cand Sc. (Eng), A.V. KRASIKOV, Cand Sc. (Chem),
P.A. KUZNETSOQV, Dr Sc. (Eng), E.A. SAMODELKIN, L.V. ULIN, Cand Sc. (Eng),
B.V. FARMAKOVSKY, Cand Sc. (Eng)

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

Received June 29, 2021
Revised July 8, 2021
Accepted July 27, 2021

Abstract—This article presents the results of comprehensive innovative research carried out over the
past 15 years at the Nanocenter of the NRC “Kurchatov Institute” — CRISM “Prometey” in the following
areas: the creation of coatings based on quasicrystals of the Al-Cu-Fe system, laser synthesis technolo-
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gies, systems electromagnetic protection of technical equipment and biological objects, structural ceram-
ics and composite materials, technologies for surface modification and magnetron sputtering, obtaining
powders by melt spraying, hydrogen and alternative energy.
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Abstract—In recent years, the unique physical and mechanical properties of high-entropy alloys (HEAs)
have been the subject of increased attention of researchers. The study of the thermodynamic characteris-
tics of such materials may be of interest for formulating the principles of the formation of structures with
the required functional characteristics. Since the processes of structure and phase formation, as well as
the diffusion mobility of atoms, the mechanism for the formation of mechanical properties and thermal
stability differ significantly from similar processes in traditional alloys, HEAs are singled out into a special
group of materials.

The article presents a brief overview of the results of obtaining a high-entropy alloy by the combined
method. At the first stage, a precursor layer was deposited by cold gas dynamic spraying (CGDS), and at
the second stage, it was subjected to high-energy action using a laser. An alloy of the AI-Cr-Ni-Co-Fe
type has been studied. By varying the ratio of the components, it was possible to obtain an almost
equimolar composition for this system. A prediction of properties and structure is made based on the
phase composition of the system.

Keywords: high-entropy alloy, precursor layer, CGDS, diode laser, precursor layer, equimolar com-
position, thermodynamic characteristics
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Abstract—Metal additive manufacturing is widely studied for its unique advantages over traditional
manufacturing processes. It is used to form complex components of Ti, Fe or Ni alloys. However, for non-
ferrous alloys — aluminum, magnesium, copper — additive technologies are not used due to rapid melting
during laser, electron beam and/or arc treatment. Cold spraying is widely used as an effective technology
for applying high quality coatings in the mass production of metal and alloy products and/or metal matrix
composite coatings. In addition, cold spraying is a serious and effective tool for the additive manufactur-
ing of metals, and research in this area is currently becoming intense. During heat treatment of materials
obtained by cold spraying, new chemical compounds are formed — both intermetallic compounds and
hardening ceramic inclusions that increase the microhardness. However, as a result of a change in the
structure during chemical transformations, a change in the geometry of the product and the formation of
pores can be observed.

Keywords: additive technology, cold gas-dynamic spraying, intermetallic compounds, microhard-
ness, X-ray phase analysis
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Abstract—The subject of the study were rubbers based on partially and fully hydrogenated nitrile-
butadiene rubbers (HNBR) Therban AT 5065 VP and Therban AT 5005 VP, taken individually and in the
ratios 80:20, 70:30, 60:40, 50:50 accordingly. The purpose of the work was to study the functional proper-
ties of rubbers based on HNBR of various degrees of unsaturation using modern methods of analysis.
The degree of dispersion of the filler and the thermodynamic compatibility of polymer components in rub-
bers based on Therban AT 5065 VP and Therban AT 5005 VP mixtures are appreciated. Glass transition
and decomposition temperatures, elastic modulus and mechanical loss tangent of HNBR-based and their
combined compositions were identified. The microrelief of the surface of rubber samples based on HNBR,
taken in different ratios, was investigated.

Keywords: hydrogenated butadiene-nitrile rubbers, polymer mixtures, microscopy, differential scan-
ning calorimetry, dynamic mechanical analysis
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Abstract—This article presents the results of a study of the hydrophilic properties of VMPS-10 84x4
glass filaments and SYT-49S 12K carbon tows. It has been found that the contact angle of glass and car-
bon fibers, which decreases after ion-plasma treatment, returns to its original values within 8 days. The
capillarity values of both types of fibers increase irreversibly, but for carbon fibers, we observe a more
significant change in this parameter. In the course of studying the microstructure of the surface of filler
fibers before and after processing, it was found that all samples were uniformly covered with a film of an
active lubricant with a microdispersed structure; however, for glass fibers, the size of the sizing particles
increased during processing, and for carbon fibers, it decreased. In addition, thermophysical studies of
the used reinforcing fillers were carried out, and it was found that during the ion-plasma modification, the
erosion of the sizing film occurred.

Keywords: ion-plasma treatment, ion-plasma treatment in vacuum, atmospheric ion-plasma treat-
ment, contact angle, capillarity, surface microstructure
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Abstract—This article presents the results of the development and implementation of special ice-
resistant anodes on nuclear icebreakers and offshore structures, capable of ensuring long-term effective
cathodic corrosion protection systems under shock and abrasive effects of Arctic ice. The results of in-
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spections of the hull and hull elements of the cathodic protection of the nuclear icebreaker “50 Let
Pobedy” and the offshore ice-resistant platform “Prirazlomnaya” after their long-term operation are shown.
Cathodic protection of the atomic icebreaker “Leader” has been described.

Keywords: nuclear icebreakers, arctic offshore structures, cathodic corrosion protection, ice resistant
anodes
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Abstract—This paper presents an experimental study of biocorrosion of D16T and AMg6 aluminum al-
loys. The determining role of reactive oxygen species in aluminum biocorrosion by a consortium of molds
has been shown. A model is proposed, according to which the initiators of corrosion damage to the metal
surface are superoxide anion radical and hydrogen peroxide released during the life of micromycetes. It is
assumed that the initiation and development of biocorrosion occurs, among other things, as a result of the
process of reductive activation of oxygen and the Fenton decomposition of hydrogen peroxide. A conclu-
sion is made about the mechanism of the occurrence of intergranular and pitting corrosion of aluminum
alloys interacting with microscopic fungi.

Keywords: aluminum, D16T, AMg6, biocorrosion, microscopic fungi, reactive oxygen species, su-
peroxide anion radical, hydrogen peroxide, intercrystalline corrosion, pitting corrosion, oxygen reductive
activation

DOI: 10.22349/1994-6716-2021-107-3-163-183
REFERENCES

1. Sigwalt, J.P.M., Aluminium in the Chemistry and Food Industries, London: British Aluminium Co.
Ltd, 1964.

2. Kablov, E.N., Startsev, O.V., Medvedev, |.M., Obzor zarubezhnogo opyta issledovany korrozii i
sredstv zashchity ot korrozii [Review of foreign experience in corrosion research and corrosion protection],
Aviatsionnye materialy i tekhnologii, 2015, No 2, pp. 76-87. DOI: 10.18577/2071-9140-2015-0-2-76-87.

3. Birbilis, N., Hinton, B., Corrosion and corrosion protection of aluminium, Fundamentals of Alumi-
num Metallurgy. Production, Processing and Applications. Woodhead Publishing Series in Metals and
Surface Engineering, 2011, pp. 574-604. DOI: 10.1533/9780857090256.2.574.

4. Anaee, R., Thermodynamic and kinetic study for the corrosion of aluminum and some of its alloys
in the basic media, Baghdad: University of Technology, 2007. DOI: 10.13140/RG.2.1.3021.5204.

5. Bailey, J.C., Porter, F.C., Pearson, A.W., Jarman, R.A., Aluminium and Aluminium Alloys, Corro-
sion, 1994, V. 1, pp. 4:3-3:37. DOI: 10.1016/B978-0-08-052351-4.50043-1.

6. Kip, N., van Veen, J.A., The dual role of microbes in corrosion, The ISME Journal, 2015, V. 9,
No 3, pp. 542-551. DOI: 10.1038/ismej.2014.169.

7. Checinska, S.A., Urbaniak, C., Mohan, G.B.M., Stepanov, V.G., Tran, Q., Wood, J.M., Minich, J.,
McDonald, D., Mayer, T., Knight, R., Karouia, F., Fox, G.E., Venkateswaran, K., Characterization of the
total and viable bacterial and fungal communities associated with the International Space Station surfac-
es, Microbiome, 2019, V. 7, No 1. Art. 50. DOI: 10.1186/s40168-019-0666-x.

8. Makimura, K., Saton, K., Sugita, T., Yamazaki, T., Fungal Biota in Manned Space Environment
and Impact on Human Health. Nippon Eiseigaku Zasshi, Japanese Journal of Hygiene, 2011, V. 66, No 1,
pp. 77-82. DOI: 10.1265/jjh.66.77.

9. Satoh, K., Nishiyama, Y., Yamazaki, T., Sugita, T., Tsukii, Y., Takatori, K., Benno, Y., Makimura,
K., Microbe-I: fungal biota analyses of the Japanese experimental module KIBO of the International
Space Station before launch and after being in orbit for about 460 days, Microbiology and Immunology,
2011, V. 55, No 12, pp. 823-829. DOI: 10.1111/j.1348-0421.2011.00386.x.

10. Takashi, S., Takashi, Y., Makimura K., Otomi, C., Shin, Y., Hiroshi, O., Chiaki, M., Comprehen-
sive analysis of the skin fungal microbiota of astronauts during a half-year stay at the International Space
Station, Medical Mycology, 2016, V. 54, No 3, pp. 232-239. DOI: 10.1093/mmy/myv121.

11. Ponizovskaya, V.B., Dyakov, M.Yu., Antropova, A.B., Bilanenko, E.N., Mokeeva, V.L., llyin,
V.K., Vliyanie usloviy kosmicheskogo poleta na zhiznesposobnost mikromitsetov [Influence of space flight
conditions on the viability of micromycetes], Vestnik Moskovskogo Universiteta. Ser. 16: Biology, 2017,
V.72,No 1, pp. 9-15.

© 2021 . Scientific and Technical Journal
NRC “Kurchatov Institute” — CRISM “Prometey” “Voprosy Materialovedeniya”

http://www.crism-prometey.ru



http://www.crism-prometey.ru/
mailto:denbel2013@yandex.ru

12. Imo, E.O,, Orji J.C., Nweke C.O., Influence of Aspergillus fumigatus on corrosion behaviour of
mild steel and aluminium, International Journal of Applied Microbiology and Biotechnology Research,
2018, V. 6, pp. 61-69. https://www.researchgate.net/publication/336749182.

13. Bilay, V.l., Ellanskaya, I.A., Kirilenko, T.S., Mikromitsety pochv [Soil micromycetes], Kiev: Nau-
kova dumka, 1984.

14. Akhiyarov, R.Zh., Laptev, A.B., Movenko, D.A., Belova, N.A., Issledovanie anomalno nizkoy kor-
rozionnoy stoykosti trubnoy stali teploobmennoy apparatury dlya neftepererabotki [Study of abnormally
low corrosion resistance of pipe steel of heat exchange equipment for oil refining], Neftyanoe kho-
zyaystvo, 2016, No 1, pp. 118-121.

15. Panova, O.A,, Velikanova, L.L., Timonin, V.A., Korroziya metallov, vyzyvaemaya mikroskopich-
eskimi gribami [Corrosion of metals caused by microscopic fungi], Mikologiya i fitopatologiya, 1982,
V. 16, No 6, pp. 514-518.

16. Zaikina, N.A., Duganova, N.V., Obrazovanie organicheskikh kislot gribami, vydelennymi s
obraztsov, porazhennykh biokorroziey [Formation of organic acids by fungi isolated from samples affect-
ed by biocorrosion], Mikologiya i fitopatologiya, 1975, V. 9, No 4, pp. 303-307.

17. Zhdanova, G.V., Biologicheskaya korroziya konstruktsionnykh materialov predpriyatiy atomnoy
energetiki [Biological corrosion of structural materials of nuclear power enterprises], Korroziya: materialy,
zashchita, 2009, No 3, pp. 36—40.

18. Imo, E.O., Chidiebere, A.M., Fungal influenced corrosion of Aluminium in the presence of Acre-
monium kiliense, International Journal of Applied Microbiology and Biotechnology Research, 2019, V. 7,
No 1, pp. 1-6. DOI: 10.33500/ijambr.2019.07.001.

19. Xinyan, D., Hua, W., Lu-Kwang, J., Gang, C., Hongbo, C., Bi-min Zhang N. Corrosion of alumi-
num alloy 2024 caused by Aspergillus niger, International Biodeterioration & Biodegradation, 2016,
V. 115, pp. 1-10. DOI: 10.1016/j.ibiod.2016.07.009.

20. Jiayue, Z., Laszlo, C., Geoffrey, M.G., Biocorrosion of copper metal by Aspergillus niger, Inter-
national Biodeterioration & Biodegradation, 2020, V. 154. Art. 105081. DOI: 10.1016/j.ibiod.2020.105081.

21. Yiling, W., Xiaoging, S., Hang, J., Xinwei S., Kun, H., Zhen, L., Tracking the fungus-assisted bi-
ocorrosion of lead metal by Raman imaging and scanning electron microscopy technique, Journal of Ra-
man Spectroscopy, 2020, V. 51, No 3, pp. 508-513. DOI: 10.1002/jrs.5796.

22. Belov, D.V., Kalinina, A.A., Sokolova, T.N., Smirnov, V.F., Chelnokova, M.V., Kartashov, V.R.,
Role of superoxide anion radicals in the bacterial corrosion of metals, Applied Biochemistry and Microbi-
ology, 2013, V. 48, No 3, pp. 270-274. DOI: 10.1134/S00036838120300273.

23. Lugauskas, A.Yu., Mikulskene, A.l., Shlyauzhene, D.Yu., Katalog mikromitsetov-biodestruktorov
polimernykh materialov. Biologicheskie povrezhdeniya [Catalog of micromycetes-biodestructors of poly-
meric materials. Biological damage], Moscow: Nauka, 1987.

24. Koval, E.Z., Sidorenko, L.P., Mikodestruktory promyshlennykh materialov [Microdestructors of
industrial materials], Kiev: Naukova dumka, 1989.

25. Rinaldi, M., Satton, D., Fotergill, A., Opredelitel patogennykh i uslovno patogennykh gribov [De-
terminant to pathogenic and conditionally pathogenic fungi], Moscow: Mir, 2001.

26. Zaki, A., The kinetics of anodic and cathodic polarization of aluminium and its alloys, Anti-
Corrosion Methods and Materials, 1986, V. 33, No 11, pp. 4—11. DOI: 10.1108/eb020492.

27. Dunlop, H.M., Benmalek, M., Role and Characterization of Surfaces in the Aluminium Industry,
Journal de Physique. Archives, 1997, V. 7, No C6, pp. C6-163—-C6-174. DOI: 10.1051/jp4:1997614.

28. Schultze, J.W., Hassel, A.W., Passivity of Metals, Alloys, and Semiconductors, Encyclopedia of
Electrochemistry, 2007. DOI: 10.1002/9783527610426.bard040302.

29. Costa, D., Ribeiro, T., Mercuri, F., Pacchioni, G., Marcus, P., Atomistic Modeling of Corrosion
Resistance: A First Principles Study of O2 Reduction on the Al (111) Surface Covered with a Thin Hy-
droxylated Alumina Film, Advanced Materials Interfaces, 2014, V. 1, No 3. Art. 1300072. DOI:
10.1002/admi.201300072.

30. Cornette, P., Costa, D., Marcus, P., Relation between Surface Composition and Electronic
Properties of Native Oxide Films on an Aluminium-Copper Alloy Studied by DFT, Journal of The Electro-
chemical Society, 2020, V. 167. Art. 161501. DOI: 10.1149/1945-7111/abc9a1.

© 2021 . Scientific and Technical Journal
NRC “Kurchatov Institute” — CRISM “Prometey” “Voprosy Materialovedeniya”

http://www.crism-prometey.ru



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

31. Yung, L., Anodnye oksidnye plenki [Anodic oxide films], Leningrad: Energiya, 1967.

32. McCafferty, E., Semiconductor aspects of the passive oxide film on aluminum as modified by
surface alloying, Corrosion Science, 2003, V. 45, No 2, pp. 301-308. DOI: 10.1016/s0010-
938x(02)00095-1.

33. Levine, K.L,, Tallman, D.E., Bierwagen, G.P., Mott—Schottky analysis of aluminium oxide formed
in the presence of different mediators on the surface of aluminium alloy 2024-T3, Journal of Materials
Processing Technology, 2008, V. 199, No 1, pp. 321-326. DOI: 10.1016/j.jmatprotec.2007.08.023.

34. Kiss, A.B., Keresztury, G., Farkas, L., Raman and IR spectra and structure of boehmite (r-
AIOOH). Evidence for the recently discarded D172h space group, Spectrochimica Acta. Part A: Molecular
Spectroscopy, 1980, V. 36, No 7, pp. 653—-658. DOI: 10.1016/0584-8539(80)80024-9.

35. Shephard, J.J., Dickie, S.A., McQuillan, A.J., Structure and Conformation of Methyl-Terminated
Poly(ethylene oxide)-Bis[methylenephosphonate] Ligands Adsorbed to Boehmite (AIOOH) from Aqueous
Solutions. Attenuated Total Reflection Infrared (ATR-IR) Spectra and Dynamic Contact Angles, Langmuir,
2010, V. 26, No 6, pp. 4048-4056. DOI: 10.1021/1a9035064.

36. Tsyganenko, A.A., Mardilovich, P.P., Structure of alumina surfaces, Journal of the Chemical
Society Faraday Transactions, 1996, V. 92, No 23, pp. 4843—4852. DOI: 10.1039/ft9969204843.

37. Bunker, B.C., Nelson, G.C., Zavadil, K.R., Barbour, J.C., Wall, F.D., Sullivan, J.P., Windisch,
C.F., Engelhardt, M.H., Baer, D.R., Hydration of Passive Oxide Films on Aluminum, The Journal of Physi-
cal Chemistry B, 2002, V. 106, No 18, pp. 4705-4713. DOI: 10.1021/jp013246e.

38. Belov, D.V., Kalinina, A.A., Kartashov, V.R., Smirnov, V.F., Sokolova, T.N., Chelnokova, M.V.,
Generatsiya superoksidnogo anion-radikala mikromitsetami i ego rol v korrozii metallov [Generation of
superoxide radical anion by micromycetes and its role in metal corrosion], Khimiya i khimicheskaya
tekhnologiya. Izvestiya vuzov, 2011, V. 54, No 10, pp. 133—-136.

39. Belov, D.V., Kalinina, A.A., Kartashov, V.R., Smirnov, V.F., Sokolova, T.N., Chelnokova, M.V.,
Aktivhye formy kisloroda v korrozii metallov [Reactive oxygen species in metal corrosion], Korroziya: ma-
terialy, zashchita, 2011, No 3, pp. 19-26.

40. Belov, D.V., Sokolova, T.N., Smirnov, V.F., Kuzina, O.V., Kosyukova, L.V., Kartashov, V.R.,
Korroziya aluminiya i ego splavov pod vozdeystviem mikroskopicheskikh gribov [Corrosion of aluminum
and its alloys under the influence of microscopic fungi], Korroziya: materialy, zashchita, 2007, No 9, pp.
36—41.

41. Prabhu, D., Rao, P., Corrosion behaviour of 6063 aluminium alloy in acidic and in alkaline media,
Arabian Journal of Chemistry, 2014, V. 10, No 2, pp. S2234-S2244. DOI: 10.1016/j.arabjc.2013.07.059.

42. Reena Kumari, P.D., Jagannath, N., Nityananda Shetty, A., Corrosion behavior of 6061/Al-15
vol. pct. SiC(p) composite and the base alloy in sodium hydroxide solution, Arabian Journal of Chemistry,
2012, V. 9, No 2, pp. S1144-S1154. DOI: 10.1016/j.arabjc.2011.12.003.

43. Awad, S.A., Kamel, K.H.M., Kassab, A., Corrosion behaviour of aluminium in NaOH solutions,
Journal of Electroanalytical Chemistry and Interfacial Electrochemistry, 1979, V. 105, No 2, pp. 291-294.
DOI: 10.1016/s0022-0728(79)80123-0.

44. Zhang, J., Klasky, M., Letellier, B.C., The aluminum chemistry and corrosion in alkaline solutions,
Journal of Nuclear Materials, 2009, V. 384, No 2, pp. 175-189. DOI: 10.1016/j.jnucmat.2008.11.009.

45. Dresvyannikov, A.F., Kolpakov, M.E., Elektrokhimicheskie protsessy v rastvorakh s uchastiem
aluminiya i formirovanie mikro- i nanorazmernykh prekursorov polimetallicheskikh sistem [Electrochemical
processes in solutions with the participation of aluminum and the formation of micro- and nanoscale pre-
cursors of polymetallic systems], Vestnik tekhnologicheskogo universiteta, 2016, V. 19, No 9, pp. 36-50.

46. Yang, S.L., Chung, G.K.-R., The NADPH oxidase-mediated production of hydrogen peroxide
(H20,) and resistance to oxidative stress in the necrotrophic pathogen Alternaria alternata of citrus, Mo-
lecular Plant Pathology, 2012, V. 13, No 8, pp. 900-914. DOI: 10.1111/j.1364-3703.2012.00799.x.

47. Bienert, G.P., Schjoerring, J.K., Jahn T.P., Membrane transport of hydrogen peroxide, Bio-
chimica et Biophysica Acta (BBA) — Biomembranes, 2006, V. 1758, No 8, pp. 994-1003. DOI:
10.1016/j.bbamem.2006.02.015.

48. Hayyan, M., Hashim, A.M., Alnashef, |.M., Superoxide lon: Generation and Chemical Implica-
tions, Chemical Review, 2016, V. 116, No 5, pp. 3029-3085. DOI: 10.1021/acs.chemrev.5b00407.

© 2021 . Scientific and Technical Journal
NRC “Kurchatov Institute” — CRISM “Prometey” “Voprosy Materialovedeniya”

http://www.crism-prometey.ru



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

49. Ribeiro, T., Motta, A., Marcus, P., Gaigeot, M.-P., Lopez, X., Costa, D., Formation of the OOH
radical at steps of the boehmite surface and its inhibition by gallic acid: A theoretical study including DFT-
based dynamics, Journal of Inorganic Biochemistry, 2013, V. 128, pp. 164-173. DOI:
10.1016/j.jinorgbio.2013.07.024.

50. Bunker, B.C., Nelson, G.C., Zavadil, K.R., Barbour, J.C., Wall, F.D., Sullivan, J.P., Windisch,
C.F., Engelhardt, M.H., Baer, D.R., Hydration of Passive Oxide Films on Aluminum, The Journal of Physi-
cal Chemistry B., 2002, V. 106, No 18, pp. 4705-4713. DOI: 10.1021/jp013246e.

51. Mujika, J.1., Ruipérez, F., Infante, I., Ugalde, J.M., Exley, C., Lopez, X., Pro-oxidant Activity of
Aluminum: Stabilization of the Aluminum Superoxide Radical lon, The Journal of Physical Chemistry A.,
2011, V. 115, No 24, pp. 6717-6723. DOI: 10.1021/jp203290b.

52. Kong, S., Liochev, S., Fridovich, I., Aluminum (lll) facilitates the oxidation of NADH by the su-
peroxide anion, Free Radical Biology and Medicine, 1992, V. 13, No 1, pp. 79-81. DOI: 10.1016/0891-
5849(92)90168-g.

53. Ruipérez, F., Mujika, J.I., Ugalde, J.M., Exley, C., Lopez, X., Pro-oxidant activity of aluminum:
Promoting the Fenton reaction by reducing Fe (lll) to Fe (ll), Journal of Inorganic Biochemistry, 2012,
V. 117, pp. 118-123. DOI: 10.1016/j.jinorgbio.2012.09.008.

54. Exley, C., The pro-oxidant activity of aluminum, Free Radical Biology and Medicine, 2004,
V. 36, No 3, pp. 380-387. DOI: 10.1016/j.freeradbiomed.2003.11.017.

55. Turyan, Ya.l., Okislitelno-vosstanovitelnye reaktsii i potentsialy v analiticheskoy khimii [Redox
reactions and potentials in analytical chemistry], Moscow: Khimiya, 1989.

56. Murphy, A.P., Chemical removal of nitrate from water, Nature, 1991, V. 350, pp. 223-225. DOI:
10.1038/350223a0.

57. Hsing-Lung Lien, Wilkin, R., Reductive Activation of Dioxygen for Degradation of Methyl tert-
Butyl Ether by Bifunctional Aluminum, Environmental Science & Technology, 2002, V. 36, No 20,
pp. 4436-4440. DOI: 10.1021/es011449a.

58. Fengzhen, Z., Yunfei, Z., Mengjie, P., Junfeng, N., Aerobic degradation of aqueous pollutants with
nanoscale zero-valent aluminum in alkaline condition: Performance and mechanism especially at particle
surface, Journal of Cleaner Production, 2020, V. 244. Art. 118905. DOI: 10.1016/j.jclepro.2019.118905.

UDC 621.791.019:539.431:669.14.018.295:620.178.3

ON THE FATIGUE STRENGTH CALCULATION OF THE WELDED SHELL STRUCTURES
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Part 1: Estimation at the initial stage of fatigue failure
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Abstract—The normative methods for calculating the fatigue strength of welded joints are of limited use
for low-cycle loads, as they do not take into account the possible variation in the asymmetry of the operat-
ing stress cycle, differences in the expected level of residual stresses, and the possible variety of joint
geometry. Estimation procedures have been developed for shell structures made of high-strength steels
subjected to external and internal pressure. They were based on experimental data on the resistance to
fatigue fracture, physical modeling of individual stages of fatigue damage, and generalization of the re-
sults of numerical studies of the FEM of the stress-strain state.
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Abstract—The ultimate deformation capacity of stainless high-alloyed austenitic nitrogen-containing steel
and low-alloyed chromium-nickel-molybdenum steel up to the moment of failure under single and multiple
blast loading in the air has been investigated. The paper presents data on the change in the mechanical
properties and structure of these steels as a result of explosive loading to the limit and to the specified
level of deformation.
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PROMISING USE OF HIGH-STRENGTH NITROGEN STEEL FOR THE ICE BELT
OF MARINE MACHINERY OPERATING IN THE EXTREME ARCTIC CONDITIONS
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Abstract—This article shows the possibility of using high-strength nitrogen-containing corrosion-resistant
steel grade 04Kh20N6G11M2AFB for the construction of critical elements and units of marine equipment
operating at low temperatures, including the Arctic. The advantages of nitrogen-containing steel over clad
steel AB2 + 08Kh18N10T always used in shipbuilding and welded steel of F500W category are consid-
ered. According to the assessment of testing of homogeneous nitrogen steel sheets, the level of its physi-
cal and mechanical properties exceeds the analogous parameters of traditional AB2 + 08Kh18N10T
steels in a wide temperature range, up to —90°C.
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Abstract—The results of the work of the NRC “Kurchatov Institute” — CRISM “Prometey” on the creation
of titanium alloys for deep-sea marine equipment, vehicles and submersibles are presented. The paper
considers development of titanium alloys with a yield strength of more than 1000 MPa.
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Abstract—On the basis of expert examinations of spent pipes metal operated as coil-pipes at pyrolysis
furnaces, heat-resistant alloys and technologies for manufacturing standard products from them have
been developed. The service characteristics of the developed alloy 45Kh32N43SB and its welded joints
at temperatures of 1100 and 1150°C have been investigated. It is shown that the alloy has structural sta-
bility and the ability to resist high-temperature creep at operating temperatures up to 1150°C. A method
has been developed for assessing the resource of pipe elements, taking into account the peculiarities of
its operation, as well as crack-like defects in the pipe material. The reasons for the significant deformation
and damage of the crossover piping, leading to the premature failure of the coils, have been found. The
most significant operational factor of damage to the heat exchangers at pyrolysis plants has been identified.

Keywords: heat resistant alloy, stress rupture strength, centrifugal cast pipes, weld joints, intermetal-
lic compounds.
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Abstract—A new high-strength material has been developed — large-scale thin-walled welded panels
made of aluminum-magnesium alloy 1565ch. Its use, combined with modern achievements in the field of
strength and aerohydrodynamics, made it possible to create a multifunctional economy skeg-type hover-
craft “Haska 10” with unique operational capabilities.
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