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STEEL. Part I. Influence of deformation temperature and strain rate on the dynamic recrystallization 
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Abstract—The paper determines values of the deformation threshold necessary for the initiation and de-
velopment of dynamic recrystallization in the investigated deformation temperature and strain rate. Analy-
sis of diagrams shows that the deformation resistance increases with decreasing of temperature, while a 
weak peak is observed at temperature 1000–1200°C, when dynamic recrystallization starts. The structure 
of high-strength corrosion-resistant nitrogen-containing austenitic steel 04Kh20N6G11M2AFB after hot 
deformation with strain rate 0.1, 1.0 and 10 s

-1
 in the temperature range 900–1200°С has been studied by 

EBSD analysis and transmission electron microscopy. 

Keywords: nitrogen-containing austenitic steel, EBSD analysis, structure, dynamic recrystallization, 
hot deformation, strain rate, deformation resistance. 
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FORMATION OF STRUCTURE OF NITROGEN-CONTAINING AUSTENITIC 

04Kh20N6G11M2AFB STEEL AT HOT DEFORMATION. Part 2. Influence of the phase composition 

and hot deformation conditions on the process of dynamic recrystallization 
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Abstract—The effect of δ-ferrite in high-strength corrosion-resistant nitrogen-containing steel of 
04Kh20N6G11M2AFB grade on deformation resistance during hot deformation in the temperature range 
of 900–1200°С and strain rates of 0.1–10 s

-1
 has been investigated. Analysis of diagrams shows that dy-

namic recrystallization of δ-ferrite steel starts at a lower threshold deformation rate comparing with pure 
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austenitic steel. The values of the deformation threshold necessary for the initiation and development of 
dynamic recrystallization depending on the phase composition of the nitrogen-containing steel have been 
determined. After structure complex analysis, it was established that δ-ferrite promotes the nucleation and 
development of dynamic recrystallization at temperature 1200–1000°C (starting at the lowest deformation 
threshold), and recrystallized structure forms in the larger volume range than in purely austenitic steel. 

Keywords: nitrogen-containing austenitic steel, δ-ferrite, structure, dynamic recrystallization, hot de-
formation, strain rate, deformation resistance 
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Abstract—The paper presents the results of a comprehensive study of structural and properties changes 
in the most dangerous regions of the heat-affected zone of low-alloyed cold-resistant steel with a guaran-
teed yield strength of 355–390 MPa before and after the post-welding tempering, including when the 
heating temperature is subjected to tempering and deformation, comparing with the base metal. The sim-
ulation was performed on the dilatometer DIL 805 and the Gleeble 3800 complex. The results of the in-
vestigation of the structure and properties of real welded joints after welding with different linear energy 
(3.5 and 6 kJ/mm) are presented. 

Keywords: base metal, coarse-grain region of the HAZ, partial recrystallization region of the HAZ, 
post-welding release, bainite, ferrite-carbide mixture, recrystallization, deformation rate, deformation ca-
pacity, failure mode, welded joint. 
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Abstract—The paper studies structure and phase composition of NiAl-Ni3Al-based intermetallic alloys. It 
has been established that at high-gradient directional crystallization axis-oriented dendritic structure with 
high heat resistance, strength and ductility is being formed in NiAl and Ni3Al intermetallic samples.  
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Abstract—Composition, structure, and optical properties of films formed on the surface of niobium during 
laser processing are presented. Two modes of laser oxidation of niobium are empirically determined. The 
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first mode, using single-pass laser processing, create the blue shade oxide film, the second mode, using 
multipass laser processing, forms the green shade oxide film. The optical contrast, determined as a differ-
ence of reflection coefficients, in the infrared spectrum of the blue oxide film is equal to 0.2 and the green 
oxide film forms the contrast equal to 0.5. It was found that the niobium blue shade oxide films, obtained 
after laser processing, has stoichiometry NbO and the green oxide film has stoichiometry NbO2. 

Keywords: laser treatment, niobium, niobium oxides, laser polishing, optical contrast. 
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Abstract—At present, 75–80% of the current operating costs of conventional transport are expended for 
fuel. According to the International Maritime Organization the world fleet burns 300 million tons of fuel 
annually, releasing into the atmosphere 960 million tons of СО2 and 9 million tons of SO2. By 2020, 
without new technologies that reduce fuel consumption, air emissions can grow 40%, taking into account 
constantly increasing volumes of traffic. Therefore, defense methods against marine overgrowth are an 
urgent topic, and many leading firms are developing antifouling solutions. The paper considers the main 
means of protection against fouling with the help of polymer coatings, namely: contact active coatings; 
non-leaching coatings; self-polishing coatings; non-biocidal coatings. The mechanism of using polymer 
coatings, as well as their advantages and disadvantages, is described. 
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Abstract— A technology for producing powder composite materials consisting of ductile Fe-Cr-Al matrix, 
a cladding component based on chromium and aluminum nitrides and solid nanosized tungsten carbide 
composites has been developed. Functional gradient coatings were obtained on basis of the developed 
powders by microplasma spraying, combining high adhesion and cohesive strength with high hardness of 
peripheral layers. So coatings based on the developed composite powders are very promising for the pro-
tection of parts and components of precision and power engineering from wear under high mechanical 
stress. 

Keywords: composite powders, microplasma spraying, functional gradient coatings, cladding, tung-
sten carbide, precision power engineering. 
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INFLUENCE OF COPPER CONTENT ON WEAR BEHAVIOR OF COMPOSITES 
“STEEL ShKh15/COPPER” AT SLIDING AGAINST COPPER UNDER ELECTRIC CURRENT OF 

CONTACT DENSITY HIGHER THAN 100 A/cm
2
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Abstract—Powder composites “steel ShKh15/copper” in alumina ceramics and graphite powders sur-
rounding were sintered in the air. Powder steel was restored from grinding slime of bearings production. It 
is shown that the steel framework has low level of mechanical properties, but high pore space percola-
tion. Copper concentration increases isolated pores concentration impeding oil impregnation. This effect 
did not allow making the long and steady sliding electric contact with contact current density higher than 
150 A/cm

2
. The sintered composites based on recycled bearing steel and containing near 15%Cu show 

high wear resistance at sliding with a contact current density 150–200 A/cm
2
 under boundary lubrication. 

Keywords: sliding electric contact, surface layer, specific surface contact, electric conductivity, sin-
tered composite, pores space. 
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CATALYTICALLY ACTIVE COATINGS FOR STEAM REFORMING SYSTEMS: SYNTHESIS AND 
CATALYTIC PROPERTIES 

M.L. SHISHKOVA, N.V. YAKOVLEVA  

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

Received on February 7, 2018 

Abstract—The paper considers science and engineering aspects of catalytically active compositions 
creation as regards immobilized catalysts for reforming hydrocarbon raw materials into hydrogen fuel. 
The authors investigate synthesis of catalytic powder mixtures and manufacturing of functional coatings 
by supersonic cold gas dynamic spraying. Research results in the field of creation of catalysts for steam 
conversion of methane to hydrogenous fuel on the metal support (Cr15Al15 tape support) are given. 
Composite powder mixtures (Ni–Al–Al(OH)3 – Ca(OH)2–Mg(OH)2) were used as starting materials. 

Keywords: steam methane reforming, immobilized catalysts, catalytically active powder mixtures, 

functional coating, surface morphology, tape support, promoting agent. 

DOI: 10.22349/1994-6716-2018-94-2-96-105 

ACKNOWLEDGEMENTS  

Experimental studies were carried out on the equipment of the Center for Collective Use “Composi-
tion, Structure and Properties of Structural and Functional Materials” of NRC “Kurchatov Institute” – 
CRISM “Prometey” and financially supported by the Ministry of Education and Science of the Russian 
Federation within the framework of the agreement No. 14.595.21.000, the unique identifier 
RFMEFI59517X0004. 

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


 

© 2018 NRC “Kurchatov Institute” –  

    CRISM “Prometey” 

    http://www.crism-prometey.ru  

Scientific and Technical Journal 
"Voprosy Materialovedeniya" 

 
 

REFERENCES 

1. Tarasov, B.P., Lototsky, M.V., Vodorodnaya energetika: proshloe, nastoyaschee, vidy na bu-
duschee [Hydrogen energy: the past, the present, the future perspectives], Rossiisky khimichesky zhur-
nal, 2006, V. 50, No 6, pp. 5–18. 

2. Kuranov, A.L., Korabelnikov, A.V., Mikhailov, A.M., Printsipy upravleniya i modelirovaniya teplov-
oy zashchity giperzvukovogo letatelnogo apparata [Principles of control and simulation of thermal protec-
tion of hypersonic aircraft], 2014, St Petersburg: Politechnic University Publishers, 2014. 

3. Boreskov, G.K., Periodichesky zakon i kataliticheskie svoystva elementov [Periodic law and cata-
lytic properties of elements], Sto let Periodicheskogo zakona khimicheskikh elementov, Moscow: Nauka, 
1971, pp. 231–241. 

4. Ashmor, P., Kataliz i ingibirovanie khimicheskikh reaktsiy [Catalysis and inhibition of chemical re-
actions], Moscow: Mir, 1966. 

5. Khauffe, K., Reaktsii v tverdykh telakh i na ikh poverkhnosti [Reactions in solids and on their sur-
face], Moscow: Inostrannaya literatura, 1963. 

6. Sabirova, Z.A., Danilova, M.M., Zaykovsky, V.I., Nikelevye katalizatory na osnove poristogo 
nikelya dlya reaktsii parovoy konversii metana [Nickel catalysts based on porous nickel for the reaction of 
methane vapor conversion], Kinetika i kataliz, 2008, V. 49, No. 3, pp.449–456. 

7. Vlasov, Ye.A., Prokopenko, A.N., Poluchenie vodoroda iz uglevodorodnogo syriya na 
nikelsoderzhashchikh katalizatorakh [Production of hydrogen from hydrocarbonfeed stock on nickel-
containing catalysts], Vestnik INZHEKONa, Serie Tekhnicheskie nauki, 2005, Issue 3(8), pp. 7–13. 

8. Beurden, P., van, On the catalytic aspects of steam methane reforming, 2004, p. 27. 

9. Wu, H., La Parola, V., Pantaleo, G., Puleo, F., Venezia, A.M., Liotta, L.F., Ni-Based Catalysts for 
Low Temperature Methane Steam Reforming: Recent Results on Ni-Au and Comparison with Other Bi-
Metallic Systems, Catalysts, 2013, No 3, pp. 563–583. 

10. Liu, J.A., Kinetics, catalysis and mechanism of methane steam reforming: Master Thesis of Sci-
ence in Chemical Engineering, Worcester Polytechnic Institute, Worcester, 2006. 

11. Lu, Z., Guo, Y., Zhang, Q., Yagi, M., Hatakeyama, J., Li, H., Chen, J., Sakurai, M., Kameyama, 
H., A novel catalyst with plate-type anodic alumina supports, Ni/NiAl2O4/г-Al2O3/alloy, for steam reforming 
of methane, Applied Catalysis A: General, 2008, V. 347, Issue 2, pp. 200–207. 

12. Choi, J.S., Moon, K.I., Kim, Y.G., Lee, J.S., Kim, C.H., Trimm, D.L., Stable carbon dioxide re-
forming of methane over modified Ni/Al2O3 catalysts, Catalysis Letters, (1998), V. 52, pp. 43–47. 

13. Pakhomov, N.A., Nauchnye osnovy prigotovleniya katalizatorov [Scientific foundations for the 
preparation of catalysts], Novosibirsk: NSU, 2010. 

14. Lemonidou, A.A., Vasalos, I.A., Carbon dioxide reforming of methane over 5 wt.% Ni/CaO–
Al2O3 catalyst, Applied Catalysis A: General, 2002, V. 228, Issue 1–2, pp. 227–235. 

15. Asencios, J.O., Bellido, J.D., Assaf, E.M., Synthesis of NiO-MgO-ZrO2 catalysts and their per-
formance in reforming of model biogas, Applied Catalysis A: General, 2011, V. 397, Issue 1–2, pp. 138–
144. 

16. Nurunnabi, K., Fujimoto, K. Suzuki, B. Li, S. Kado K. et al., Promoting effect of noble metals ad-
dition on activity and resistance to carbon deposition in oxidative steam reforming of methane over NiO–
MgO solid solution, Catalysis Communications, 2006, V. 7, Issue 2, pp.73–78. 

17. Gorynin, I.V., Farmakovsky, B.V., Gerashchenkov, D.A., Vasiliev, A.F., Method for making 
nanostructured functional-gradient wear-resistant coating, Patent of Russian Federation RU 
2 354 749 C2, Publ. 10.05.2009, Bull. 13. 

18. Gerashchenkov, D.A., Vasiliev, A.F., Farmakovsky, B.V., Mashek, A.Ch., Issledovanie tempera-
tury potoka v protsesse kholodnogo gazodinamicheskogo napyleniya funktsionalnykh pokrytiy [Investiga-
tion of the flow temperature in the process of cold gas-dynamic spraying of functional coatings], Voprosy 
Materialovedeniya, 2014, No 1(77), pp. 87–89. 

19. Vinogradova, T.S., Razrabotka vysokoeffektivnykh poristykh nositeley na metallicheskoy os-
nove [Development of highly efficient porous supports on a metal basis], Proceedings of 2nd simpozium 
Termokhimicheskie protsessy v plazmennoy aerodinamike, St Petersburg, September 10–12, 2001. 

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


 

© 2018 NRC “Kurchatov Institute” –  

    CRISM “Prometey” 

    http://www.crism-prometey.ru  

Scientific and Technical Journal 
"Voprosy Materialovedeniya" 

 
 

20. Vinogradova, T.S., Tarakanova, T.A., Farmakovsky, B.V., Ulin, I.V., Sholkin, S.E., Yurkov, M.A., 
Method of making catalytic composite coating, Patent of Russian Federation RU 2 417 841 C1, Publ. 
10.05.2011, Bull. 13. 

21. Yakovleva, N.V., Markov, A.M., Povyshev, A.M., Shishkova, M.L., Issledovanie fazovykh prev-
rashcheniy pri sinteze kataliticheskikh pokrytiy na metallicheskom nositele [Investigation of phase trans-
formations in the synthesis of catalytic coatings on a metal carrier], Zhurnal prikladnoy khimii, 2018, V. 91, 
Issue 1, pp.148–156. 

22. Gerashchenkov, D.A., Vasiliev, A.F., Farmakovsky, B.V., Mashek, A.Ch., Issledovanie tempera-
tury potoka v protsesse kholodnogo gazodinamicheskogo napyleniya funktsionalnykh pokrytiy [Investiga-
tion of the flow temperature in the process of cold gas-dynamic spraying of functional coatings], Voprosy 
Materialovedeniya, 2014, No 1(77), pp.87–89. 

23. Diagrammy sostoyaniya dvoynykh metallicheskikh sistem [Diagrams of the state of double met-
al systems]: a reference book, N. P. Liakishev (Ed.), Moscow: Mashinostroenie, 1996, V. 1. 

24. Jung, S.B., Minamino, Y., Yamane, T., Saji, S., Reaction diffusion and formation of Al3Ni and 
Al3Ni2 phases in the Al-Ni system, Journal of materials science letters, 1993, V. 12, pp. 1684–1686. 

UDC 621.74:621.315.3 
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The paper studies precision alloy based on the intermetallic composition Ni3Sn + SiB3 and devel-
oped for casting thermoresistant microwires in glass insulation. Cast microwires have a temperature co-
efficient of resistance (7.8–8.2) 10

–3
 K

–1
 and a specific resistance of 0.68–0.83 Ohm∙mm

2
 / m, the wires 

could be recommended for miniature temperature sensors manufacturing. 

Keywords: cast microwire in glass insulation, temperature coefficient of resistance, resistivity. 
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CORRELATION OF THE DIAMOND/MATRIX INTERPHASE ZONE STRUCTURE  
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Abstract—The paper studies structure and phase characteristics of the interphase zone diamond/matrix 
in dressers made by thermal diffusion metallization of a diamond combined with matrix sintering based 
on WC–Co and Cu impregnation. The compact arrangement of chromium powder particles around dia-
mond grains and the shielding effect of copper foil create favorable conditions for thermal diffusion met-
allization of diamond at matrix sintering. A metallized coating chemically bonded with diamond and con-
sisting of chromium carbide and solid solution of cobalt in chromium phases provides a strong diamond 
retention in the carbide matrix. It was shown that it is formed on the surface of the diamond under the 
conditions specified in the experiment and the temperature – time sintering mode. The specific produc-
tivity of experimental dresser made by hybrid technology at straightening green silicon carbide grinding 
wheel equaled 51.50 cm

3
/mg exceeding that of the control dresser made without metallization of dia-

monds by sintering with copper impregnation by 44.66%. 
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tool productivity, matrix sintering. 

DOI: 10.22349/1994-6716-2018-94-2-111-123 

REFERENCES 

1. Tцnshoff, H.K., Hillmann-Apmann, H., Asche, J., Diamond tools in stone and civil engineering in-
dustry: cutting principles, wear and applications, Diamond and Related Materials, 2002, No 11, pp. 736–
741. 

2. Bakul, V.N., Nikitin, Yu.I., Vernik, E.B., Selekh, V.F., Osnovy proektirovaniya i tekhnologiya 
izgotovleniya abrazivnogo i almaznogo instrumenta [Basics of designing and technology of manufacturing 
of the abrasive and diamond tool], Moscow: Mashinostroenie, 1975. 

3. Artini, C., Muolo, M.L., Passerone, A., Diamond–metal interfaces in cutting tools: a review, Jour-
nal of Materials Science, 2012, V. 47, No 7, pp. 3252–3264. 

4. Yakhutlov, M.M., Karamurzov, B.S., Berov, Z.Zh., Batyrov, U.D., Nartyzhev, R.M., Napravlennoe 
formirovanie mezhfaznoi granitsy almaz-matritsa s ispolzovaniem nanopokrytiy [The directed formation of 
the diamond-matrix interphase boundary with application of nano sparying], Publishing House of Kabardi-
no-Balkaria State University, 2011, V.1, No 4, pp. 23–25. 

5. Isonkin, A.M., Duda, T.M., Belyavina, N.N., Tkach, V.N., Vliyanie metallizatsii almazov na 
strukturoobrazovanie i prochnost kompozitsionnogo materiala [Effect of diamond metallization on the per-
formance of drilling bits], Naukovi praci DonNTU. Series Girnicho-geologichna, 2013, No 2 (19), pp. 146–
154. 

6. Peterson, A., Agren, J., Sintering shrinkage of WC-Co materials with bimodal grain size distribu-
tion, Acta Materialia, 2005, V. 53, pp.1665–1671. 

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


 

© 2018 NRC “Kurchatov Institute” –  

    CRISM “Prometey” 

    http://www.crism-prometey.ru  

Scientific and Technical Journal 
"Voprosy Materialovedeniya" 

 
 

7. Vityaz, P.A., Zhornik, V.I., Kukareko, V.A., Issledovanie strukturno-fazovogo sostoyaniya i svoistv 
spechennykh splavov, modernizirovannykh nanorazmernymi almazosoderzhashchimi dobavkami [A re-
search of a structurally phase condition and properties of sintered alloys modified by nano-sized diamond 
containing additives], Izvestiya natsionalnoi akademii nauk Belarusi, Phys.-tech. series, 2011, No 3, 
pp. 5–17. 

8. Zeren, M., Karagцz, S., Sintering of polycrystalline diamond cutting tools, Materials and Design, 
2007, V. 28, pp. 1055–1058. 

9. Sharin, P.P., Yakovleva, S.P., Gogolev, V.E., Vasilieva, M.I., Strukturnaya organizatsiya 
vysokoiznosostojkikh almazosoderzhashchikh kompozitov na osnove tverdosplavnykh poroshkov, polu-
chennykh metodom spekaniya s propitkoi mediyu [Structural organization of high wear-resistant diamond-
content composites based on hard alloyed powders, produced by sintering with copper impregnation], 
Perspektivnye materialy, 2015, No 6, pp. 66–77. 

10. Qiu, W.Q., Liu, Z.W., He, L.X., Zeng, D.C., Mai, Y.-W., Improved interfacial adhesion between 
diamond film and copper substrate using a Cu (Cr)-diamond composite interlayer, Mater. Lett., 2012, V. 
81, pp. 155–157. 

11. Molinari, A., Marchetti, F., Cialanella, S., Scardi, Р., Tiziani, A., Study of the diamond-matrix inter-
face in hot-pressed cobalt-based tools, Materials Science and Engineering, 1990, V. A130, pp. 257–262. 

12. Sidorenko, D.A., Levashov, E.A., Loginov, P.A., Svyndina, N.V., Skryleva, E.A., Uskova, I.E., O 
mekhanizme samoproizvolnogo plakirovaniya almaza karbidom volframa v protsesse spekaniya instru-
menta s nanomodifitsirovannoi metallicheskoi sviazkoi Su–Fe–Co–Ni [A mechanism of spontaneous dia-
mond cladding with tungsten carbide in the course of tool sintering with the Cu–Fe–Co–Ni nanomodified 
metallic binder], Izvestiya vuzov. Tsvetnaya metallurgiya, 2015, No 5, pp. 53–63. 

13. Loktiushin, V.A., Gurevich, L.M., Poluchenie nanotolshchinnykh metallicheskikh pokrytiy na 
sverkhtverdykh materialakh metodom termodiffuzionnoi metallizatsii [Obtaining of nanosized metal cover-
ings on superhard materials by method thermodiffusion metallization], Izvestiya Volzhskogo gosudar-
stvennogo tekhnicheskogo universiteta, 2009, V. 11, No 3, pp. 50–54. 

14. Tillmann, W., Ferreira, M., Steffen, A., Rьster, K., Mцller, J., Bieder, S., Paulus, M., Tolan, M., 
Carbon reactivity of binder metals in diamond-metal composites – characterization by scanning electron 
microscopy and X-ray diffraction, Diamond and related materials, 2013, V. 38, pp. 118–123. 

15. Li, W.-S., Zhang, J., Dong, H.-F., Chu, K., Wang, S.-C., Liu, Y., Li, Y.-M., Thermodynamic and 
kinetic study on interfacial reaction and diamond graphitization of Cu–Fe-based diamond composite, 
Chin. Phys. B, 2013, V. 22, No 1, Art. 018102. DOI: 10.1088/1674-1056/22/1/018102/ 

16. Tillmann, W., Tolan, M., Lopes-Dias, N. F., Zimpel, M., Ferreira, M., Paulus, M., Influence of 
chromium as carbide forming doping element on the diamond retention in diamond tools, Proceedings of 
the International Conference on Stone and Concrete Machining (ICSCM), 2015, November, pp. 21–30. 

17. Romansky, A., Factors affecting diamond retention in powder metallurgy diamond tools, Ar-
chives of metallurgy and materials, 2010, V. 55, No 4, pp. 1073–1081. 

18. Sharin, P.P., Nikitin, G.M., Lebedev, M.P., Gogolev V.E., Atlasov, V.P., Popov, V.I., Patent of the 
Russian Federation Ru 2 607 393 C1, Method of producing composite diamond-containing matrix with 
increased diamond holding based on hard-alloy powder mixes, Publ. 10.01.2017, Bul. No 1. 

19. Sharin, P.P., Yakovleva, S.P., Vinokurov, G.G., Popov, V.I., Povyshenie ekspluatatsionnykh 
kharakteristik tverdosplavnykh almazosoderzhashchikh kompozitov pri diffuzionnoi metallizatsii 
almaznoi komponenty v protsesse spekaniya s propitkoi. Obosnovanie effektivnosti gibridnoi 
tekhnologii sinteza [Enhancement of operating characteristics of hard-alloy diamond-containing com-
posites due to diffusive metallization of diamond component during the process of sintering with im-
pregnation. Substantiation of the efficiency of hybrid synthesis technology], Nauka i obrazovanie, 
2016, No 4,  
pp. 94–100. 

20. Sharin, P.P., Lebedev, M.P., Gogolev, V.E., Nogovitsyn, R.G., Atlasov, V.P., Slobodchikov, P.A., 
Patent of the Russian Federation Ru 2478455 C1, Method of making diamond tool, Publ. 10.04.2013. 
Bul. No 1. 

21. Sharin, P.P., Yakovleva, S.P., Gogolev, V.E., Popov, V.I., Stroenie i prochnost perekhodnoi zony 
pri tverdofaznom vysokotemperaturnom vzaimodeistvii almaza s karbidoobrazuyushchimi metallami – 
khromom i kobaltom [Structure and strength of transition area from natural diamond to chromium and co-

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


 

© 2018 NRC “Kurchatov Institute” –  

    CRISM “Prometey” 

    http://www.crism-prometey.ru  

Scientific and Technical Journal 
"Voprosy Materialovedeniya" 

 
 

balt carbide-forming metals under high-temperature interaction], Perspektivnye materialy, 2015, No 7, pp. 
47–60. 

22. Bushmer, C.P., Crayton, P.H., Carbon self-diffusion in tungsten carbide, J.Mater.Sci., 1971, V. 6, 
pp. 981–988. 

23. Tsypin, N.V., Simkin, E.S., Kostenetskaya, G.D., Metallograficheskoe issledovanie vzai-
modeistviya almazov s metallami pri vysokikh temperaturakh [Metallographic study of diamonds interac-
tion with metals at high temperatures], Adgeziya i paika materialov, 1979, No 4, pp. 78–80. 

24. Stasyuk, L.F., Kushatlova, I.P., Uskokovich, D.P., Krstanovich, I., Radich, S.M., Ristich, M.M., 
Reaktsionnoe spekanie v sisteme almaz – karbid titana – khrom pod vysokim davleniem [Reactive sinter-
ing in the diamond – titanium carbide – chromium system under high pressure], 1984, V. 49, No 9, 
pp. 563–569. 

25. Anikina, V.I., Kovaleva, A.A., Fraktografiya v materialovedenii [Fractography in Materials Sci-
ence], Siberian Federal University, 2014. 

UDC 678.742:621.891 

MAIN DIRECTIONS FOR RESEARCH ON THE DEVELOPMENT OF TRIBOTECHNICAL COMPO-
SITES USED IN THE ARCTIC REGIONS (On the Experience of North-Eastern Federal University 

in Yakutsk) 

A. A. OKHLOPKOVA, Dr Sc (Eng), , S. A. SLEPTSOVA, Cand Sc. (Eng),  

P. G. NIKIFOROVA, Cand. Sc. (Phil.), T. S. STRUCHKOVA, Cand Sc. (Eng), T.A. OKHLOPKOVA,  

Z. S. IVANOVA, Cand Sc. (Chem) 

Institute of Natural Sciences, North-Eastern Federal University named after M. Ammosov (NEFU), 48, 
Kulakovskogo St., Yakutsk, Republic of Sakha (Yakutia), Russian Federation.  

E-mail: ivprge@rambler.ru 

Received January 15, 2018 

Abstract—Material science studies the relationship between materials structure and properties and its 
changes under external influence, and belongs to the priority domains of science and technology. The 
creation of new materials and also its performance improvement, efficient technologies for their pro-
cessing is the main goal of material science. Today a substantial number of new metal alloys with special 
properties, different composites, ceramics, polymers, nanostructured functional powder and synthetic su-
perhard materials, multifunctional coatings, etc. have been designed for various economic activities. But 
the creation of materials and technologies remains an urgent need, because of the progressive develop-
ment of manufacturing which requires adaptive materials properties and technologies for their processing. 

This review analyzes Ammosov North-Eastern Federal University research directions in the field of 
tribotechnical materials for use in the Arctic regions. Main areas of research are identified, such as devel-
oping of polymer composite materials (PCM) production and improving their performance properties. The 
prospects of physical processing and chemical modification of the polymer matrix surface are shown. 
Physicomechanical and tribotechnical properties of antifrictional PCM are discussed. The results of the 
main theoretical generalizations in the field of analysis of PСM supramolecular structures are presented: 
1) effects of critical filler concentrations on the structure and properties of PCM; 2) hypothesis of the na-
ture of intermolecular interaction between the filler and the polymer. The modern tendencies of scientific 
investigation are shown, namely tribo-oxidative processes in PCM. The specific development of scientific 
knowledge and the use of polymers for the northern regions are revealed. 

Keywords: composite materials, polytetrafluoroethylene, ultrahigh molecular polyethylene, nanopar-
ticles, dispersed fillers, layered silicates, mechanoactivation, wear resistance, coefficient of friction, tribo-
technical properties, deformation-strength properties. 
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Abstract—The results of study of the influence of hollow corundum microspheres HCM-S (5–100 µm) and 
HCM-L (70–180 µm) on the properties of nitrile butadiene rubber BNKS-18 are presented. The dependence 
of elastomer resistance to abrasion impact and physic and mechanical properties on the dispersion and 
concentration of hollow corundum microspheres is shown. The process of hollow corundum microspheres 
exfoliation of the elastomeric matrix, which largely determines the change of physic and mechanical proper-
ties, has been studied by specially developed stretching device compatible with an atomic force microscope. 
The paper describes microspheres exfoliation which is conventionally divided into 3 stages. 

Keywords: hollow corundum microspheres, nitrile butadiene rubber, wear resistance, physical and 

mechanical properties, atomic force microscopy, exfoliation, adhesion. 
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Abstract—Complex research of polyimide film microstructure and chemical composition has been con-
ducted by scanning electron microscopy, electronic probe microanalysis and infrared spectroscopy. 
Changes in layers’ surface and in substances condensed on films were studied after long-term exposure 
(1218 days) on Mir space station. It is shown that during space exposure microstructure and chemical com-
position of the first layer suffer changes, but other layers of the package located below don’t reveal similar 
transformations. New phase formations of different shape and size with film and needle structure varying by 
its chemical composition have been found on an open surface of the first polyimide film layer. It has been 
established that the condensed substances consist of silicon, iron, copper, zinc, chlorine, potassium and 
calcium compounds, which are probably deposited from the outer atmosphere of the orbital station. 

Keywords: polyimide film, condensed substances, microstructure, chemical composition, Mir Space 
Station, long exposure. 
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Abstract— The article considers the results of investigation fiber reinforced plastic for middle layer of 
ship’s constructions exploited in sea water. Mechanical properties of material were investigated to justifi-
cate the right choice of basic materials, construction structure and manufacturing process. 
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Abstract—Instead of outdated GUR-1, scanning electron beam control generator, a modernized 
system is proposed using digital beam control along special semi-elliptical welding trajectory. The new 
system has successfully passed approbation when welding aluminum on an ELU-20. 

Keywords: electron beam welding, electron beam, beam scanning, digital beam control, weld seam 

quality. 
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Abstract—The technology of electron beam welding of homogeneous and dissimilar welds of aluminum 
alloys 1561, 1560М and 1980T1 has been developed. Beam scanning along semielliptical trajectory has 
secured the quality of the welded parts with fine mechanical properties. Welding scheme and optimal 
modes have been determined. Results of mechanical and corrosion tests, and of testing to destruction 
delayed in time have been defined. The technology is implemented for hydrofoil devices and for the man-
ufacture of shipbuilding machinery components. 

Keywords: electron beam welding, aluminum alloys, electron beam scanning, welds, mechanical 
properties, corrosion tests, testing to destruction delayed in time. 
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Abstract—The features of the radiation embrittlement of materials of support structures for WWER RPV 
are considered. These features are connected with low irradiation temperature no exceeding 90°C and 
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Abstract—A novel class of low-melting Zr-based alloys has been developed. They are deep triple and 
quadruple eutectics with very low melting points from 690 to 860°C. Low-melting Zr-based alloys pro-
posed as a matrix material for fuel elements with dispersed high-U fuel. Proposed fuel compositions have 
been developed with high thermal conductivity and U content (25–50% higher than in case of VVER and 
PWR fuel rods). As applied to PWR and BWR reactors, they have some advantages compared to con-
ventional uranium dioxide fuel pellets. The use of new dispersion fuel can improve neutron-physical char-
acteristics of the reactors, increase burn-out, reduce fuel temperature and improve fuel efficiency. 
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