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INFLUENCE OF PRODUCTION TECHNOLOGY OF THICK PLATE ROLLED FROM SHIPBUILDING
STEEL OF STRENGTH LEVEL 500 ON STRUCTURE PARAMETERS AND WORKABILITY
CHARACTERISTICS AT LOW TEMPERATURES
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Abstract—The influence of manufacturing technology of low-alloy steel with yield strength not less than
500 MPa on structure parameters has been studied. Under industrial conditions, two 50 mm thick sheets
were produced by different technologies: 1) hot rolling followed by furnace quenching and high-temperature
tempering; 2) quenching from rolling heating followed by high-temperature tempering. By means of optical,
scanning and transmission electron microscopy the structural features of steel were revealed. Standard
mechanical properties and low-temperature serviceability characteristics were determined.

Keywords: high-strength steel, furnace quenching, quenching from rolling heating, rolled products,
structure, lath martensite, granular bainite, lath bainite, properties
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Abstract—The paper considers the effect of hot rolling mode on the structure, mechanical properties and
crystallographic texture, as determined by EBSD, for a directly quenched thick plate of high strength bainitic
steel. According to the obtained results, stronger strain hardening of austenite before the phase transfor-
mation leads to appearance of granular bainite and hence diminishes the final steel strength.

Keywords: high strength bainitic steel, deformation mode of hot rolling, direct quenching, crystallo-
graphic texture, deformed austenite, lath bainite, granular bainite
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Abstract—The issues of creating a hardening coating by plasma spraying of Ti powder on steel grade 45
with subsequent cementation in pastes are considered. The properties of the resulting coating are studied
by measuring the Vickers microhardness.
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Abstract—The heat capacity of the AK1 alloy based on high-purity aluminum with lithium was determined
in the cooling mode using the known heat capacity of the reference aluminum sample. By means of math-
ematical processing of cooling rate curves of samples from AK1 alloy with lithium and the reference sample,
polynomials describing their cooling rates were obtained. Further, the polynomials of the temperature de-
pendence of the heat capacity of alloys, described by a four-member equation, were established using the
experimentally found values of the cooling rates of samples from alloys and the standard, taking into ac-
count their mass. Using integrals from specific heat capacity, models of temperature dependence of en-
thalpy, entropy and Gibbs energy changes were established. It was found that the heat capacity of the
alloys increases with rising temperature. The addition of lithium when the temperature is up to 600 K sig-
nificantly increases the heat capacity, and at temperatures above 600 K lithium in amounts of 0.5 wt. %
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reduces the heat capacity of the initial alloy AK1. It is shown that lithium addition increases the enthalpy
and entropy of the initial AK1 alloy and decreases the Gibbs energy value.

Keywords: aluminum alloy AK1, lithium, heat capacity, cooling mode, enthalpy, entropy, Gibbs energy
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REGULARITIES OF FORMATION OF MICROSTRUCTURE AND MECHANICAL PROPERTIES
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Abstract—The influence of combined plastic deformation, including methods of intense plastic deformation
and traditional metal forming, on the structure and mechanical properties of M1 copper was studied. It has
been shown that combined processing helps to increase the dimensional uniformity of hardness across the
cross-section of the workpiece and contributes to the refinement of microstructure elements. Thus, with an
increase in the equivalent degree of deformation, the level of mechanical properties of M1 copper increases
accordingly.

Keywords: combined plastic deformation, helical extrusion, hardness, structure, grain size, copper,
equal channel angular pressing, hydroextrusion
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Abstract—The possibility of formation of porous materials for biomedical applications from VT6/Ta/Zr alloy
by direct laser deposition has been shown. Varying the laser power allowed to obtain alloys with variable
porosity. The modes providing formation of porous material with normal elasticity modulus corresponding
to human bone were selected. It was found that the porosity value of 32% is achieved at the laser power of
50 W, which meets the requirements, for example, for dental prosthetics. In the process of direct laser
deposition of materials in VT6/Ta/Zr alloys with variable porosity tantalum particles do not melt and act as
crystallization centers. Such conditions ensure the formation of a highly dispersed metal structure consist-
ing mainly of VT6 powders with evenly distributed Ta and Zr particles.
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Abstract—Technological schemes of niobium carbide and nitride formation obtained by thermal and laser
treatment are developed. The results of X-ray powder diffraction (XRD) analysis are in agreement with
theoretical evaluations based on thermodynamic calculations proving the effectiveness of suggested ap-
proach. The perspectives of a practical application of the proposed technological solutions for the cryogenic
gyroscope manufacturing technology are presented.

Keywords: rotor, cryogenic gyroscope, superconductivity, niobium carbides and nitrides, carbon nano-
composite, laser marking, thermodynamic analysis, raster image, XRD analysis
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Abstract—The paper presents results of a comprehensive study on the development of technology for the
production of composite nanostructured functional coatings based on the Kh20N80 — chromium — TiC sys-
tem using the supersonic cold gas dynamic spraying method. Composite coating powders are obtained by
chromium plating of a matrix powder made of alloy Kh20N80 followed by the application of a reinforcing
coating of TiC nanoparticles. The resulting coating has a high level of microhardness, modulus of elasticity
and resistance to wear. A distinctive feature of the resulting coating is its reliable operation without destruc-
tion for a long time (more than 4800 hours).

Keywords: nanocomposite, matrix powder, reinforcing powder, cold gas dynamic spraying, functional
coating
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Abstract—In this study the influence of the content of SKD-B butadiene rubber and BNKS-18 AMN nitrile
rubber in the blend on the properties of the resulting elastomers is investigated. The combination of frost-
resistant and aggressive media resistant rubbers in the blend allows to adapt the properties of vulcanizates
to the required operating conditions. The research revealed that the level of physical and mechanical proper-
ties, aggressive media resistance and frost resistance depend on the ratio of rubbers. The study of properties
of elastomers revealed two glass transition temperatures and two thermal transitions at negative temperatures
corresponding to nitrile-butadiene and butadiene rubbers. The phase morphology of elastomers, characteris-
tic for butadiene nitrile or butadiene rubbers in dependence on their ratio in the blend, was investigated by
electron microscopy. Based on the developed elastomer, dust covers for CV-joints were produced. They were
tested in real operating conditions in the temperature range from —52 to 33°C.

Keywords: elastomeric materials, butadiene rubber, nitrile butadiene rubber, frost resistance, aggres-
sive media resistance, wear resistance, physical and mechanical properties
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Abstract—Objects of decorative and applied arts of historical value, over time, undergo physical and me-
chanical changes caused by the influence of external factors. For example, vitreous enamels can lose their
luster, crack, and archaeological objects can also suffer due to the corrosion processes of glass and metal
base. Therefore, it seems an important task to develop approaches to the restoration of products with
vitreous enamels. In the work on the results of the use of studies of optically transparent epoxy resins as a
restoration material when working with objects of cultural investigation, which consists in the restoration of
vitreous enamels. To assess the admissibility of using the material as a restorative, an accelerated test
method was also developed and tested.

Keywords: vitreous enamels, restoration, optically transparent resins, cultural heritage.
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Abstract—The article presents the results of experimental studies of the effects of external influencing
factors (natural exposure in climatic zones, such as a temperate climate and a climate with an industrial
atmosphere, during accelerated climatic tests in a thermal humidity chamber, during thermal aging, expo-
sure in technical environments) on the microstructure and physical and mechanical characteristics of a
glass-reinforced polymer composite material grade VPS-72 based on polyimide binder grade VS-51. The
state of the surface of fiberglass samples after exposure was studied for 1 year.

Keywords: PCM, polymeric polyimide binders, fiberglass, microstructure, external influencing factors
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Abstract—The article provides a review of scientific and technical literature, including Russian and foreign
periodicals, patents for inventions in the field of creating products for the sports industry from polymer
composite materials. The technologies and technical solutions used to achieve the assigned tasks, the
advantages and disadvantages of using the methods are considered. It is shown that the use of modern
achievements in materials science, a new generation of materials and advanced technologies can contrib-
ute to the achievement of high sports results.

Keywords: polymer composite materials, PCM, reinforcing fillers, sports industry, technologies, tech-
nical solutions

ACKNOWLEDGMENTS
The work was carried out within the framework of the implementation of the integrated scientific direc-

tion 13 “Polymer composite materials” (“Strategic directions for the development of materials and technol-
ogies for their processing for the period up to 2030”) [49-51].

The work was done with the support of CCP Climatic tests of the National Research Center “Kurchatov
Institute” — VIAM.
DOI: 10.22349/1994-6716-2023-116-4-119-132

REFERENCES

1. Sport: novyye rekordy i sportivnye pobedy [Sports: new records and sports victories]: UMATEX.
URL: https://lumatex.com/applications/sport (reference date 23.10.2020).

2. Bondaletova, L.l., Bondaletov, V.G., Polimernye kompozitsionnye materialy [Polymer composite
materials]: textbook, Tomsk: 1zd-vo Tomskogo politekhnicheskogo universiteta, 2013, Part 1, pp. 7-8.

3. Patent RU 2 472 559: Usovershenstvovannaya konstruktsiya sportivnoy kliushki [Improved design
of a sports stick], International Patent Classification A63B 59/14; Rec. 21.08.2008; Publ. 27.09.2011.

4. Patent US-5303916-A: Hockey stick shaft, Rec. 30.09.1992; Publ. 19.04.1994.

5. Patent RU 96110292/12; International Patent Classification A63B 49/00: Tennisnaya raketka [Ten-
nis racket], Rec. 22.08.1995; Publ. 27.06.1998.

6. Patent RU 2013107517/05: Prepreg, armirovanny voloknami kompozitny material i sposob pro-
izvodstva preprega [Prepreg, fiber-reinforced composite material and prepreg production method], Rec.
20.07.2011; Publ. 20.03.2014.

7. Patent RU 2017117041 U: Kiy bilyardny [Billiard cue], Rec. 16.05.2017; Publ. 28.11.2017.

8. Klimenko, O.N., Valueva, M.l., Rybnikova, A.N., Polimernye i polimernye kompozitsionnye materi-
aly v sporte [Polymer and polymer composite materials in sports]: review, Proceedings of VIAM: electronic
scientific journal, No 10, Art. 09. URL: http://www.viam-works.ru (reference date 23.10.2020). DOI:
10.18577/2307-6046-2020-0-10-81-89.

9. Patent RU 93019928/12: Konki [Skates], Rec. 16.04.1993; Publ. 10.11.1997.

10. Patent RU 2018121639: Lyzha s nagrevom skolzyashchey poverkhnosti [Ski with heated sliding
surface]; Rec. 14.06.2018; Publ. 15.02.2019.

11. Patent RU 2008101536/05: Sposob vypolneniya uprochneniya dlya kompozitnogo materiala s
peremennym profilem prochnosti, uprochnenie, poluchennoe ukazannym sposobom [A method of perform-
ing hardening for a composite material with a variable strength profile], Rec. 15.06.2006; Publ. 10.07.2011.

© 2023 ] Scientific and Technical Journal
NRC “Kurchatov Institute” — CRISM “Prometey” “Voprosy Materialovedeniya”

http://www.crism-prometey.ru



http://www.crism-prometey.ru/
mailto:admin@viam.ru

12. Patent RU 2022102915: Doska dlya veikserfinga [Wakesurf board], Rec. 07.02.2022; Publ.
17.08.2022.

13. Sportivny inventar [Sports equipment], Neva Technology. URL: https://zund-tec.ru/in-
dex.php/reshen/komp/sportivnyj-inventar (reference date 23.10.2020).

14. Patent RU 2011105881/1.1: Rama velosipeda [Bicycle frame], Rec. 17.02.2011; Publ.
10.06.2012; Bul. No 16.

15. Patent RU 93006175/28: Begovaya kachalka [Running rocking chair], Rec. 02.02.1993; Publ.
27.06.1996.

16. Patent RU 2001134758/20U: Gimnastichesky tramplin [Gymnastic springboard], Rec.
25.12.2001; Publ. 10.05.2002.

17. Patent RU 2001134759/20U: Kon gimnastichesky [Pommel horse], Rec. 25.12.2001; Publ.
10.05.2002.

18. Patent RU 92012699/12: Sportivny shest dlya pryzhkov v vysotu i polimerny kompozitsionny ma-
terial dlya ego izgotovieniya [Sports pole for high jumping and polymer composite material for its manufac-
ture], Rec. 17.12.1992; Publ. 27.12.1995.

19. Shelemet, N.Yu., Chuikov, A.S., Kompozitsionnye materialy dlya oblegcheniya konstruktsii
sportivnogo inventarya [Composite materials to facilitate the construction of sports equipment]: elec-
tronic resource, BGTU. URL: https://elib.belstu.by/bitstream/123456789/56549/1/ (reference date
23.06.2023).

20. Osnovnye tekhnologicheskie protsessy formoobrazovaniya izdeliy iz PKM [The main technologi-
cal processes of forming products from PCM]: Helpiks.org. URL: https:// helpiks.org/6-33409.html (refer-
ence date 23.10.2020).

21. Patent RU 0002635137: Sposob izgotovieniya klyushki iz polimernykh kompozitsionnykh materi-
alov [Method of making clubs from polymer composite materials], Rec. 09.11.2017; Publ. 20.01.2018.

22. Metody proizvodstva ugleplastikov [Methods of production of carbon fiber plastics]: Graphite
PRO. URL: http://graphite-pro.ru/technology/karbon/ (reference date 23.10.2020).

23. Osobennosti i preimushchestva karbona. Ego nedostatki i sposoby imitatsii [Features and ad-
vantages of carbon fiber. Its disadvantages and ways of imitation]: sk-arsenal.ru. URL:https://sk-arse-
nal.ru/osobennosti-i-preimushchestva-karbona-ego-nedostatki-i-sposoby.html.

24. Patent RU 2019132095: Epoksidnoe svyazuyushchee, prepreg na ego osnove i izdelie, vypolnen-
noe iz nego [Epoxy binder, prepreg based on it and a product made of it], Rec. 10.10.2019; Publ.
14.04.2020.

25. Patent RU 2006106374/04: Epoksidnoe svyazuyushchee, prepreg na ego osnove i izdelie, vy-
polnennoe iz preprega [Epoxy binder, prepreg based on it and a product made of prepreg], Rec.
01.03.2006; Publ. 27.09.2007.

26. Mukhametov, R.R., Akhmadieva, K.R., Chursova, L.V., Kogan, D.l., Novye polimernye
svyazuyushchie dlya perspektivnykh metodov izgotovleniya konstruktsionnykh voloknistykh PKM [New pol-
ymer binders for promising methods of manufacturing structural fibrous PCM], 2011, No 2, pp. 38—42.

27. Patent RU 2006134050/12: Sportivnaya rukoyatka s usilennoi zashchitoi ot udarov i sposob ee
izgotovieniya [Sports handle with reinforced shock protection and the method of its manufacture], Rec.
25.02.2005; Publ. 20.11.2009.

28. Kolosova, A.S., Sokolskaya, M.K., Vitkalova, |.A., Torlova, A.S., Pikalov, Ye.S., Sovremennye
polimernye kompozitsionnye materialy i ikh primenenie [Modern polymer composite materials and their
application], Mezhdunarodny zhurnal prikladnykh i fundamentalnykh issledovaniy, 2018, Is. 5, Part 1, pp.
245-256.

29. Inzhektsionnoe litye [Injection molding]: Poly-industry.com. URL: https://poly-industry.com/ tech-
nology/injection-moulding/ (reference date 23.10.2020).

30. Pultruziya [Pultrusion]: MPlast.by. URL: https:// https://mplast.by/encyklopedia/pultruziya/ (refer-
ence date 23.10.2020).

31. Patent 4086115 US: Method of making a hockey stick, Publ. 25.04.1978.

© 2023 ] Scientific and Technical Journal
NRC “Kurchatov Institute” — CRISM “Prometey” “Voprosy Materialovedeniya”

http://www.crism-prometey.ru



http://www.crism-prometey.ru/
https://sk-arsenal.ru/osobennosti-i-preimushchestva-karbona-ego-nedostatki-i-sposoby.html
https://sk-arsenal.ru/osobennosti-i-preimushchestva-karbona-ego-nedostatki-i-sposoby.html
https://poly-industry.com/technology/injection-moulding/
https://poly-industry.com/technology/injection-moulding/

32. Pavlovsky, K.A., Serkova, Ye.A., Melnikov, D.A., Gunyaeva, A.Ye., Proizvodstvo izdelii iz po-
limernykh kompozitsionnykh materialov metodom pultruzii dlya grazhdanskikh otrasley promyshlennosti
[Products made of polymer composite materials by pultrusion method for civil industries], Voprosy Materi-
alovedeniya, 2017, No 4, pp. 81-89.

33. Kablov, E.N., Semenova, L.V., Petrova, G.N., Larionov, S.A., Perfilova, D.N., Polimernye
kompozitsionnye materialy na termoplastichnoy matritse [Polymer composite materials on a thermoplastic
matrix], /zvestiya vysshikh uchebnykh zavedeniy. Khimiya i khimicheskaya tekhnologiya, 2016, V. 59.
No 10, pp. 61-71 (reference date 23.10.2020).

34. Donetsky, K.l., Khrulkov, A.V., Kogan, D.l.,, Belinis, P.G., Lukyanenko, Yu.V., Primenenie
obiemno-armiruyushchikh preform pri izgotovlenii izdelij iz PKM [The use of emulsion-reinforcing blanks in
the manufacture of PCM products], Aviatsionnye materialy i tekhnologii, 2013, No 1, pp. 35-39.

35. Kablov, E.N., Kondrashov, S.V., Yurkov, G.Yu., Perspektivy ispolzovaniya uglerodsoderzhash-
chikh nanochastits v svyazuyushchikh dlya polimernykh kompozitsionnykh materialov [Prospects for the
use of carbon-containing nanoparticles in binders for polymer composite materials], Rossiyskie nano-
tekhnologii, 2013, V. 8, No 3—4, pp. 24-42.

36. Dushin, M.l., Khrulkov, A.V., Mukhametov, R.R., Chursova, L.V., Osobennosti izgotovleniya
izdelii iz PKM metodom propitki pod davleniem [Features of manufacturing PCM products by pressure
impregnation], Aviatsionnye materialy i tekhnologii, 2012, No 1, pp. 18-26.

37. Patent 99/36462 WO; No PCT/US99/00898: Low-Toxity, high-temperature polyimides; Publ.
22.07.1999.

38. Patent 6359107 US; No 09/575, 826: Composition of and method for making high performance
resins for infusion and transfer molding processes, Rec. 18.05.2000; Publ. 19.03.2002.

39. Postnova, M.V, Postnov, V.1, Opyt razvitiya bezavtoklavnykh metodov formovaniya PKM [Expe-
rience in the development of autoclave-free PCM molding methods], Trudy VIAM, 2014, No 4, Art. 06. URL:
http://www.viam-works.ru (reference date 23.10.2020). DOI: 10.18577/2307-6046-2014-0-4-6-6.

40. Vlasenko, F.S., Raskutin, A.E., Donetsky, K.I., Primenenie pletenykh preform dlya polimernyh
kompozitsionnykh materialov v grazhdanskikh otraslyakh promyshlennosti [Application of braided preforms
for polymer composite materials in civil industries]: review, Trudy VIAM, 2015, No 1, Art. 05. URL:
http://www.viam-works.ru (reference date 23.10.2020).

41. Perepelkin, K.Ye., Armiruyushchie volokna i voloknistye polimernye kompozity [Reinforcing fibers
and fibrous polymer composites], St Petersburg: Nauchnye osnovy y tekhnologii, 2009.

42. High Tech Hockey Stick, A&P Technology Inc. URL: https://www.braider.com/ (reference date
23.10.2020).

43. JEC Innovation Awards Program 2012: Innovation awards winners, JEC Composite Magazine,
2012, No 71.

44. Patent 0098901B1 EA; No PCT/US2005/011171: Support system for a single or multi-piece hol-
low object, Rec. 01.04.2004; Publ. 28.04.2008.

45. Patent RU. Ne 2013137937/02: Sposob remonta pologo predmeta v vide cherenka hokkeinoi
klyushki [A method of repairing a hollow object in the form of a hockey stick handle], Rec. 13.08.2013; Publ.
10.05.2015.

46. Sidorina, A.l., Safronov, A.M., Kutsevich, K.E., Klimenko, O.N., Uglerodnye tkani dlya izdelij avi-
atsionnoi tekhniki [Carbon fabrics for aircraft products], Trudy VIAM, 2020, No 12, Art. 05. URL:
http://www.viam-works.ru (reference date 20.06.2023). DOI: 10.18577/2307-6046-2020-0-12-47-58.

47. Sidorina, A.l., Safronov, A.M., Razrabotka tekhnologii izgotovleniya uglerodnykh tkanei s vysokoi
poverkhnostnoi plotnostyu [Development of technologies for manufacturing carbon fabrics with high surface
density], Trudy VIAM, 2020, No 6-7, Art. 08. URL: http://www.viam-works.ru (reference date 20.06.2023).
DOI: 10.18577/2307-6046-2020-0-67-72-80.

48. Gunyaeva, A.G., Sidorina, A.l., Klimenko, O.N., Polimerny kompozitsionny material na osnove
gibridnogo metallouglerodnogo armiruyushchego napolnitelya: svoistva i primenenie [Polymer composite
material based on hybrid metal-carbon reinforcing filler: properties and application], Trudy VIAM, 2020, No
10, Art. 04. URL: http://www.viam-works.ru (reference date 20.06.2023). DOI: 10.18577/2307-6046-2020-
0-10-30-39.

© 2023 ] Scientific and Technical Journal
NRC “Kurchatov Institute” — CRISM “Prometey” “Voprosy Materialovedeniya”

http://www.crism-prometey.ru



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

49. Kablov, E.N., Innovatsionnye razrabotki FGUP VIAM GNTs RF po realizatsii ‘Strategicheskih
napravlenii razvitiya materialov i tekhnologii ikh pererabotki na period do 2030 goda’ [Innovative develop-
ments of FSUE VIAM of the State Research Center of the Russian Federation on the implementation of
‘Strategic directions for the development of materials and technologies for their processing for the period
up to 2030°], Aviatsionnye materialy i tekhnologii, 2015, No 1 (34), pp. 3-33. DOI: 10.18577/2071-9140-
2015-0-1-3-33.

50. Kablov, E.N., Kompozity: segodnya i zavtra [Composites: today and tomorrow], Metally Evrazii,
2015, No 1, pp. 36-39.

51. Kablov, E.N., Startsev, V.O., Sistemny analiz vliyaniya klimata na mekhanicheskie svoistva po-
limernykh kompozitsionnykh materialov po dannym otechestvennykh i zarubezhnykh istochnikov [System
analysis of climate influence on mechanical properties of polymer composite materials according to domes-
tic and foreign sources]: review, Aviatsionnye materialy i tekhnologii, 2018, No 2, pp. 47-58. DOI:
10.18577/2071-9140-2018-0-2-47-58.

UDC 678.743.41:621.891

INFLUENCE OF DIFFERENT TYPES OF COUNTERBODIES ON TRIBOTECHNICAL PROPERTIES
OF POLYTETRAFLUOROETHYLENE

A.P. VASILIEV, Cand. Sc. (Eng), N.N. LAZAREVA, Cand. Sc. (Eng), A.A. OKHLOPKOVA, Dr Sc. (Eng),
T.S. STRUCHKOVA, Cand. Sc. (Eng), A.G. ALEKSEEV

Ammosov North-Eastern Federal University, 58 Belinskogo St, 677000 Yakutsk, Republic of Sakha (Ya-
kutia), Russian Federation. E-mail: gtvap@mail.ru

Received October 5, 2023
Revised October 26, 2023
Accepted November 1, 2023

Abstract—This paper presents the results of a study of different types of counterbodies on the tribological
properties of polytetrafluoroethylene (PTFE). The characteristics of the polymer, the roughness and hard-
ness of counterbodies made of the following materials are given: copper, aluminum, brass and steel grade
45. It is shown that the best wear resistance is obtained for a friction pair — polytetrafluoroethylene with
steel grade 45 and brass. The friction surfaces of the counterbodies and the polymer were studied by
optical, electron microscopy, and IR spectroscopy.

Keywords: polytetrafluoroethylene, wear resistance, coefficient of friction, counterbody, friction sur-
face
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Abstract—The paper reviews studies of the influence of external influencing factors characteristic of the
Arctic zone on the properties of polymer materials and polymer composites. In the cited works, the influence
of factors such as low temperatures, thermal cycling, high humidity, and other aggressive environmental
conditions on the strength properties of a number of thermosetting and thermoplastic matrices, as well as
composites based on them, has been studied. A comparative analysis of resistance of various materials to
unfavorable climatic factors typical for the Arctic climate has been carried out. This review can be used
when choosing materials for work in the Arctic and subarctic zones, as well as in other regions where the
described factors may affect the operation of products, machines and structures.

Keywords: structural materials, arctic conditions, reduced temperatures, physical and mechanical
properties
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INFLUENCE OF PHYSICAL PROPERTIES OF WELD METAL ON HYDROGEN DIFFUSION INTO
THE HEAT AFFECTED ZONE OF HETEROGENEOUS WELDED JOINTS
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Abstract—The paper presents the analytical solution of one-dimensional problem on hydrogen diffusion in
butt heterogeneous welded joints. Such parameters as welded joint thickness, weld thickness, diffusion
coefficients, solubilities and initial concentrations of hydrogen in the weld metal and base metal have been
taken into account. The effects of microstructure on hydrogen kinetics in homogeneous and heterogeneous
welded joints are considered. It is shown that hydrogen concentration in the heat affected zone (HAZ) to a
great extent depends on the ratios of the initial concentrations, hydrogen diffusion coefficients and solubil-
ities in the weld metal to those in the base metal. The concentration of hydrogen in the HAZ decreases by
three orders of magnitude when welding martensitic steel with austenitic electrodes as compared to homo-
geneous joints.

Keywords: welding, steel, hydrogen, diffusion, welded joint, heat affected zone
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ALLOYING SYSTEMS FOR MODERN FLUX-CORED WIRES FOR MECHANIZED WELDING
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Abstract— An analysis of the domestic market for flux-cored wire used for welding low-alloy high-strength
shipbuilding steels has been carried out. It has been established that to ensure a guaranteed value of the
yield strength of the weld metal from 420 to 620 MPa, alloying systems such as Mn-Si, Mn—Si—Ni and Mn—
Si—-Ni—Mo are taken as a basis. The influence of alloying elements used in these systems on the formation
of the microstructure and properties of welds was experimentally established.

Keywords: flux-cored welding wires, mechanized welding in shielding gases, cold resistance, high-
strength steels, alloying of welds.
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Abstract—At computer modeling of heat-exchange processes there arises a necessity of parametric fore-
casting of values of partial indicators of multifactor systems of underwater wet welding. Ensuring the relia-
bility of such a prediction makes it possible to use the obtained models for engineering calculations in the
design of technological welding processes. On the example of experimental data on the estimation of gas
formation in the process of arc combustion the methodology — approved in shipbuilding production — is
proposed. Mathematical dependences providing the minimum error of estimation at changing the values of
influencing parameters, are obtained. The formation of gas bubbles significantly affects the heat-exchange
processes in underwater welding, which determines the cooling rate of the welded joint and affects the
formation of hardening structures.

Keywords: wet underwater welding, parametric dependences, setting error, prediction of parameters
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Abstract—The multifactorial nature and interconnection of phenomena occurring during welding, espe-
cially under water, are important for deepening knowledge in this area. An analysis of the research carried
out and the solutions obtained in the field of underwater wet welding of low-carbon steels shows that in this
area, adequate assessments of the effectiveness of various types of welding with comprehensive consid-
eration of the interaction of various physical phenomena, significantly different in nature from each other,
have not been obtained. Integrated approaches to the assessment and analysis of heat transfer coefficients
from the side of the arc combustion surface and from the opposite side are proposed. For the first time, the
potential values were calculated as a change in the values of heat transfer indicators for various welding
conditions based on verified experimental data. The ultimate goal of the work is to calculate the cooling
rates of the metal of the welded joint, which will subsequently make it possible to predict the mechanical
properties of the weld metal and the likelihood of the formation of hardening structures.

Keywords: underwater wet welding, air welding, weld position, heat transfer coefficient, heat transfer
potentials
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Abstract—The article presents the results of study of the effect of additions of calcium, strontium and
barium (0.01-1.0 wt %) as a structure modifier on the anodic behavior of lead babbits BKa, BSt, BBa
(PbSb15Sn10) in NaCl electrolyte medium. The studies were carried out by the potentiostatic method in a
potentiodynamic mode with a potential sweep rate of 2 mV/s.

Studies show that with time the free corrosion potential of alloys shifts to the positive side, and with
an increase in the concentration of the modifier (calcium, strontium and barium) in lead babbits, acquires a
positive value. The addition of calcium to lead babbit BKa (PbSb15Sn10Ca) increases its corrosion re-
sistance by 10-15%, strontium BST (PbSb15Sn10Sr) by 15-20%, and barium BBa (PbSb15Sn10Ba) by
20-25%. An increase in the corrosion rate of alloys was noted, regardless of their composition from the
NaCl concentration in the solution. It has been shown that an increase in the chloride ion concentration in
the NaCl electrolyte leads to a decrease in the potentials of free corrosion, repassivation, and pitting for-
mation of alloys.

Keywords: lead babbits BKa, Bst, BBa (PbSb15Sn10), calcium, strontium, barium, potentiostatic
method, electrochemical behavior, NaCl electrolyte, free corrosion potential, corrosion rate
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Abstract—The possibility of brittle fracture resistance (BFR) determination is investigated with mechanical
testing for ion-irradiated chromium stainless steel. To consider the ion irradiation effect on material proper-
ties disc specimens in initial and irradiated states were tested by mechanical loading until brittle fracture.
The microhardness of specimens before and after ion irradiation was also determined. It was found that
the microhardness of ion-irradiated steel is higher than the microhardness of steel in initial state. However,
critical loads for brittle fracture of disc specimens are practically equal for initial and ion-irradiated states.
The performed calculations, SEM investigations and also analysis of mechanisms of cleavage microcrack
nucleation in disc specimen surfaces allowed us to explain the brittle fracture test results. As fracture tests
do not allow us to estimate BFR, it is proposed to estimate BFR by microhardness measurement results.

Keywords: ferritic-martensitic steel, ion irradiation, ion accelerator, brittle fracture resistance, mechan-
ical testing, microhardness
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Abstract—The correctness of the model assumption about additivity of the contributions of hardening (for-
mation of dislocation loops and radiation-induced precipitates) and non-hardening (formation and accumu-
lation of grain boundary segregations) mechanisms to the final radiation embrittlement of VVER-1000 RPV
weld materials has been verified. The paper presents the results of the experiment to obtain predicted
values of the critical embrittlement temperature of weld metal with nickel content of 1.59-1.88% using ac-
celerated irradiation in the IR-8 research reactor from states characterized by different starting level of grain
boundary segregation. The procedure of accounting for the flux effect for the values of critical embrittlement
temperature obtained using accelerated irradiation has been proposed. The conservativity of the weld metal
radiation embrittlement dependence has been verified based on the modal assumption of additivity of the
contributions of the strengthening and non-strengthening mechanisms up to the values of fast neutron flu-
ence ~75-1022 neutrons/m?.

Keywords: weld, critical embrittlement temperature, VVER-1000 reactor vessel, fast neutron fluence,
radiation embrittlement, flux effect, service life extension
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Abstract—The studies of stress corrosion cracking have been carried out for the stainless ferritic-marten-
sitic steel with chromium content of 12% irradiated to a damage neutron dose of ~12 dpa. This steel was
chosen as a candidate material for the internals of supercritical water-cooled reactors (SWCR).

The first part of the paper was devoted to autoclave testing of specially designed disk specimens
under constant load in a supercritical water environment (at 450°C and 250 atm pressure). In this part of
the article the developed technique for corrosion cracks identification is presented and analysis of autoclave
tests results is performed.

As a result of the experiments performed, the threshold stress values below which stress corrosion
cracking initiation doesn’t occur. The values of threshold stresses are determined for the studied steel irra-
diated at temperatures of 390 and 550°C. Possible mechanisms of stress corrosion cracking of the studied
steel are analyzed and directions for further research are proposed.

Keywords: ferritic-martensitic stainless steel, SWCR, WWER-SKD reactor, neutron irradiation, stress
corrosion cracking, corrosion cracking identification, autoclave tests
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