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Abstract—The peculiarities of the structure formation of the low-carbon high-strength economically al-
loyed steel with guaranteed yield strength of 750 MPa were studied using the EBSD analysis, depending 
on the temperature modes of hot plastic deformation that were imitated on the plastometer GLEEBLE 
3800. A comprehensive approach includes estimation of austenite grains size, their heterogeneity, and 
hardness, construction of histograms according the distribution of structural elements’ size and angles of 
misorientations between them, and an analysis of the relative extent of the small-angle boundaries. The 
results are confirmed by manufacturing of sheet metal with a thickness of up to 40 mm under experi-
mental industrial conditions. 

Key words: high-strength economically alloyed steel, guaranteed yield strength of 750 MPa, plas-
tometer GLEEBLE 3800, static austenite recrystallization, grain size, bainitic martensitic structure, size of 
structural elements, misorientations, EBSD analysis. 
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Abstract—The paper investigates the effectiveness of thermocyclic boriding for hardening of steels in-
tended for the manufacture of stamping tools. A significant increase of microhardness and wear re-
sistance has been established. The depth of the boride layer and its structure were determined by metal-
lographic methods. 

Keywords: stamping steel, boriding, temperature, layer, microhardness, wear resistance, diffusion, 
thermocycling. 
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Abstract—The paper investigates the microstructure of the alloy Ti–6Al–4V basing on methods of optical 
and scanning electron microscopy. The alloy was obtained by the selective electron beam melting (EBM). 
The results of microscopy study revealed hardened state with non-equilibrium α'+β structure of synthe-
sized alloy. During age hardening, the disintegration of martensite occurs according to the scheme 
α'→α+β. Thus, the microhardness is reduced to ~130 MPa. Full recrystallization occurs after hot isostatic 
pressing of the alloy. The size of α- and β-phases plates increases about 1.5 times. Hot isostatic pressing 
does not increase the density of the alloy, the microhardness increases by ~100 MPa. EBM technology 
forms Ti–6Al–4V structure of high density and dispersion. 

Keywords: additive technology, selective electron beam melting, hot isostatic pressing, titanium alloy. 
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Abstract—The paper describes magnetohydrodynamic treatment (MHDT) of aluminum melts. The stud-
ies have shown that electric field induced in the molten aluminum alloy 1417М changes the concentration 
of alloying elements and hydrogen in the direction of the electric field. Analysis of the results proves that 
the content of alloying elements and hydrogen changes in the electric field under MHDT. The presence of 
a concentration gradient of alloying elements and hydrogen according to the height of the ingot (parallel 
to the vector of the induced electric field) shows the prospects of selected research areas and the possi-
bility of improving the corrosion resistance of the surface layer due to the decrease in content of hetero-
geneous phase and hydrogen while maintaining the strength characteristics of the base metal of the 
product. 

Keywords: aluminum alloys, MHD treatment, concentration of hydrogen, REM 
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Abstract—This article presents the results of work on the choice of coating materials deposited on the 
surface of the friction structures of titanium alloys in relation to the products of marine equipment. For ti-
tanium alloys due to the low anti-friction properties and high coefficient of friction the risk of occurrence of 
burrs and occurrence of cold welding in friction pairs at high unit pressures.  

Offer a solution to this problem of the use of titanium in the joints moving through the development of 
different methods of coating on the surface of Titan and selection of antifriction materials for friction pairs 

Keywords: titanium alloys, antifriction coverings, powder materials, ligament, detonation deposition, 

plasma deposition. 
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Abstract—The paper investigates influence of additives of zinc, copper, phosphorus and graphite pow-
ders on structural state, phase and chemical composition, hardness and compression strength of the sin-
tering composites based on vanadium-bearing iron powder. It is shown that the change of Brinell hard-
ness after sintering of the studied compositions is explained by particularities of microstructure. Billets 
with graphite are characterized by the highest values of hardness that is bound to a carbonizing of an iron 
matrix and formation of perlitic structure during a sintering process. In samples with phosphorus on bor-
ders of matrix grains the phosphide eutectic is formed that in some cases leads to their brittle failure at an 
axial compression. 

Keywords: iron powder, compression testing, microstructure, oxides, eutectic, hardness, strength. 
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Abstract—Fretting corrosion of electrolytic NiP coatings with reinforcing submicron SiC particles in NaCl 
solution has been investigated. Potentsiostatic research of fretting corrosion has confirmed chemical 
components of wear due to removal of surface passivе film and anode dissolution with pitting formation. It 
is shown that in the area of active dissolution corrosion resistance of friction surface of NiP and NiP-SiC 
coatings is defined by the level of residual stresses and surface uniformity. Introduction of silicon carbides 
in NiP coatings leads to increase the number of pittings at fretting corrosion, but pittings are located even-
ly on friction surface and do not have a multiple nature. 

Keywords: coatings, friction, wear, fretting corrosion, oxides. 
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Abstract—The paper studies the treatment in the thermal plasma flow of high-nitrogen steel powders 
Fe–23Cr–11Mn–1N obtained by mechanical alloying (MA). The performed works show that there is a 
possibility to use spherical powders in additive manufacturing technologies. It is shown that the surface of 
the particles after the spheroidization is uneven, and displays a cast structure of the material. It has been 
found that after plasma spheroidization a practically uniform distribution of the elements is preserved in 
the particle. It is established that during the plasma spheroidization some of the nitrogen leaves the alloy. 
The rate of nitrogen loss depends on the size of the original particles. 

Keywords: high-nitrogen steel, mechanical alloying, plasma spheroidization, spherical powder. 
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ANTIFRICTION POLYMERIC COMPOSITES FOR FRICTION UNITS OPERATING IN CONDI-
TIONS OF THE FAR NORTH 
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Abstract—The further development of Russian Arctic demands modern technics, machines and mech-
anisms able to work in conditions of Arctic and Far North. The reliability of such equipment depends to 
great extent on working ability of friction units in extreme climate conditions. The most promising are 
fluorine plastics and carbon plastics modified by fluorine plastics at various levels of modification. 
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tics, antifriction carbon plastics, modification by fluorine plastics. 
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Abstract—The paper shows results of tribotechnical tests and structural investigations of friction surface 
of PTFE based composites containing TiO2. It was established that formation of filler particles layer on 
friction surface occurs. Filler particles hold on the surface owing to chemical bonding with perfluorinated 
carboxylic acids as the result of the interaction between acids and filler. The concentration of perfluori-
nated carboxylic acids salts on friction surface is related with composite wear resistance. 

Keywords: polytetrafluoroethylene, titanium dioxide, perfluorinated carboxylic acids salts, IR-

spectroscopy, scanning electron microscopy, friction surface. 
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Abstract—Recently, variety of carbon fiber reinforced plastic (CFRP) applications in aerospace has been 
increased due to their low density and high strength. Tendencies to minimization of structure weight and 
creation of reliable construction push material scientists to embody necessary functions in the materials. 
In the last few decades in material science appeared the concept of “smart” material that predetermined 
evolution in material science. Firstly, there were created materials based on metal alloy with a shape 
memory effect. However, such smart materials are too heavy for aerospace application. Some years later 
appear different polymers, which have shape memory effect. Comparing with shape memory metals, the 
polymer products are significantly lighter, and can be produced by different methods and have more func-
tions as refers to shape memory. The paper presents Japan, USA and Russian concepts of smart materi-
als and shows their application in aerospace. 

Keywords: shape memory polymers, smart material, carbon fiber reinforced plastic. 

ACKNOWLEDGEMENTS 

The work is executed within the framework of the “Strategic directions of development of materials 
and technologies of their processing for the period till 2030” (4.1: Intellectual materials of 2nd and 3rd 
generations). 

DOI: 10.22349/1994-6716-2017-91-3-110-120 

REFERENCES 

1. Kablov, E.N., Aviatsionnoe materialovedenie: itogi i perspektivy [Aviation material science: re-
sults and prospects], Vestnik Rossiiskoy akademii nauk, 2002, V. 72, No 1, pp. 3–12. 

2. Kablov, E.N., Shestoy tehnologicheskiy uklad [Sixth technological way], Nauka i zhizn, 2010, 
No 4, pp. 2–7. 

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


 

© 2017 NRC “Kurchatov Institute” –  

    CRISM “Prometey” 

    http://www.crism-prometey.ru  

Scientific and Technical Journal 
"Voprosy Materialovedeniya" 

 
 

3. Serebrennikova, N.Yu., Antipov, V.V., Senatorova, O.G., Erasov, V.S., Kashirin, V.V., Gibridnye 
sloistye materialy na baze alyuminii-litievyh splavov primenitelno k panelyam kryla samoleta [Hybrid lami-
nate aluminium-litium alloy-based materials as applied to airplane wings panels], Aviatsionnye materialy i 
tehnologii, 2016, No 3 (36), pp. 3–8. DOI: 10.18577/2071-9140-2016-0-3-3-8. 

4. Doriomedov, M.S., Daskovsky, M.I., Skripachev, S.Yu., Shein, E.A., Polimernye kompos-
itsionnye materialy v zheleznodorozhnom transporte Rossii (obzor) [Polymeric compositional materials in 
the Russian railway transport (review)], Trudy VIAM: scientific and technical web-magazine, 2016, No 7, 
Art. 12, URL: http://www.viam-works.ru, Reference date: 24/11/2016. 

5. Petrov, A.V., Doriomedov, M.S., Skripachev, S.Yu., Tekhnologii utilizatsii polimernyh 
kompozitsionnyh materialov. Obzor [Polymeric compositional materials wastes recycling technologies. 
Review], Trudy VIAM: scientific and technical web-magazine, 2015, No 8, Art. 9, URL: http://www.viam-
works.ru, Reference date: 26/02/2016, DOI: 10.18577/2307-6046-2015-0-8-9-9. 

6. Gulyaev, I.N., Gunyaev, G.M., Raskutin, A.E., Polimernye kompozitsionnye materialy s 
funktsiyami adaptatsii i diagnostiki sostoyaniya [Polymeric compositional materials with adaptation and 
condition diagnostic functions], Aviatsionnye materialy i tekhnologii, 2012, No S, pp. 242–253. 

7. Golubkova, T.A., Korotkova, V.I., Zolkina, T.G., Gladysheva, L.V., Kontseptsiya i osnovnye 
printsipy konstruirovaniya “intellektualnyh materialov” [Concept and basic principles of “intellectual mate-
rials” construction], URL: http://www.viam.ru/public/files/1994/1994-201678.pdf, (Reference date: 
09/02/2016). 

8. Techno Japan, 1993, Vol. 26, No 9, pp. 8–27. 

9. Aerospace America, 1990, Vol. 28, No 3, pp. 30–34. 

10. Techno Japan, 1994, Vol. 27. No 5, pp. 64–65. 

11. Makhsidov, V.V., Yakovlev, N.O., Ilichev, A.V., Shienok, A.M., Firsov, L.L., Opredelenie defor-
matsii materiala construktsii iz PKM s pomoshchyu integrirovannyh optovolokonnyh sensorov [Determina-
tion of polimer composite construction materials deformation by integrated fiber optic sensors], Mekhani-
ka kompozitsionnykh materialov i konstruktsiy, 2016, V. 22, No 3, pp. 402–413. 

12. Takeda, N., Tajima, N., Sakurai, T., Kishi, T., Recent advances in composite fuselage demon-
stration program for damage and health monitoring in Japan, Structural control and health monitoring, 
2005, V. 12, pp. 245–255. 

13. Mikhailov, V.P., Selivanenko, A.S., Bazinenkov, A.M., Platformy dlya aktivnoy vibroizolyatsii na 
osnove magnitoreologicheskikh elastomerov [Platforms for active vibration isolation based on magnet-
rheological elastomers], Vestnik Mashinostroeniya, 2015, No 4, pp. 28–31. 

14. Meng, H., Mohamadian, H., Stubblefield, M., Jerro, D., Ibekwe, S., Pang, S.-S., Li, G., Various 
shape memory effects of stimuli-responsive shape memory polymers, Smart Materials and Structures, 
2013, V. 22, DOI: 10.1088/0964-1726/22/9/093001. 

15. Chung, T., Romo-Uribe, A., Mather, P., Two-way reversible shape memory in a semicrystalline 
network, Macromolecules, 2008, V. 41, pp. 184–192. 

16. White, T., Tabiryan, N., Tondiglia, V., Serak, S., Hrozhyk, V., Vaia, R., Bunning, T., High fre-
quency photodriven polymer oscillator, Soft Mater, 2008, No 4, pp. 1796–1798. 

17. Beavers, F.L., Munshi, N.A., Lake, M.S., Maji, A., Carpenter, B., Rawal, S., Qassim, K., Design 
and testing of an elastic memory composite deployment hinge for spacecraft, Proc. of 43th AIAA/ASME/ 
ASCE/AHS/ASC Structures, Structural Dynamics and Materials Conf, 2002, DOI: 10.2514/6.2002-1452. 

18. Tupper, M., Munshi, N., Beavers, F., Gall, K., Mikulas, M., Meink, T., Development in elastic 
memory composite materials for spacecraft structures, IEEE Aerospace Conf. Proc, 2001, V. 5,  
pp. 2541–2547, DOI: 10.1109/AERO.2001.931215. 

19. Keller, P.N., Lake, M.S., Francis, W., Barrett, R., Wintergerst, J., Harvey, J., Ruhl, E., Winter, J., 
Scherbarch, M.R. Murphey, T.W., Development of a deployable boom for microsatellites using elastic 
memory composite material, Proc. of 45th AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics 
and Materials Conf, 2004. DOI: 10.2514/6.2004-1603. 

20. Fetchko, P., Sellers, J.J., Spanjers, G., Scherbarth, M., Winters, J., Barrett, R., Lake, M.S., Kel-
ler, P.N., Deployment optimization of a boom for FalconSAT-3 using elastic memory materials, Proc. of 
18th Annual AIAA/USU Conference on Small Satellites, 2004. 

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


 

© 2017 NRC “Kurchatov Institute” –  

    CRISM “Prometey” 

    http://www.crism-prometey.ru  

Scientific and Technical Journal 
"Voprosy Materialovedeniya" 

 
 

21. Barrett, R., Taylor, R., Keller, P.N., Codell, D., Adams, L., Deployable reflectors for small satel-
lites, Proc. of 21th Annual Conf. Small Satellites, 2007. 

22. Keller, P.N., Lake, M.S., Codell, D., Barrett, R., Taylor, R., Schultz, M.R., Development of elastic 
memory composite stiffeners for a flexible precision reflector, Proc of 47th AIAA/ASME/ASCE/AHS/ASC 
Structures, Structural Dynamics, and Materials Conf, 2006, V. 10, pp. 6984–6994. DOI: 10.2514/6.2006-
2179. 

23. Hinkle, J., Lin, J., Kling, D., Design and materials study of secondary structures in deployable 
planetary and space habitats, Proc. of 52nd AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynam-
ics, and Materials Conf, 2011, DOI: 10.2514/6.2011-2024. 

24. Cornerstone Research Group Inc, URL: http://www.crgrp.com/technology/portfolio/self-
constructing-structures.html (Reference date: 09/02/2016).  

25. Chen, S.B., Chen, Y.J., Feng, N., Liu, Y.J., Leng, J.S., Experiment and analysis of morphing 
skin embedded with shape memory polymer composite tube, J. Intell. Mater. Syst. Struct, 2014, V. 25,  
pp. 2052–2059. DOI: 10.1177/1045389X13517307. 

26. Kablov, E.N., Innovatsionnye razrabotki FGUP “VIAM” GNTS RF po realizatsii “Strategicheskikh 

napravleniy razvitiya materialov i tekhnologiy ikh pererabotki na period do 2030 goda” [FSUE “VIAM” 

GNTS RF innovate developments of “Strategic directions of materials and technologies for their pro-

cessing development until 2030” realization], Aviatsionnye materialy i tekhnologii, 2015, No 1 (34),  

pp. 3–33.  

DOI: 10.18577/2071-9140-2015-0-1-3-33. 

UDC 678.742.2.046:621.891 

RESEARCH OF INFLUENCE OF DIFFERENT TECHNOLOGIES OF OBTAINING  
ON THE PROPERTIES OF COMPOSITES BASED ON UHMWPE 

O. V. GOGOLEVA, Cand Sc. (Eng), P. N. PETROVA, Cand Sc. (Eng) 

Institut of Oil and Gas Problems of  the Sibirian Branch Russian Academy of Sciense,  
20 Avtodorozchnaya St. Yacutsk, Saha Republic, Russian Federation. E-mail: inm@ysn.ru 

Received April 10, 2016 

Abstract—In this paper, the results of studies on the development of promising polymeric composite 
materials based on ultrahigh-molecular polyethylene containing a layered filler are presented. It is shown 
that physical methods of action, provide for the activation of materials and allow to achieve a significant 
increase in mechanical and tribological properties of polymeric composite materials based on 
UHMWPE. 

Keywords: ultrahigh-molecular weight polyethylene, vermiculite, structure formation, mechanical 

activation, joint activation, ultrasonic effect. 
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Abstract—The paper describes nitrile-butadiene rubber interaction with novolac dinitrile cured resin. A 
method for producing composites with solid lubricating materials is proposed. Physical, mechanical, tri-
botechnical laboratory data and production tests of the developed composites are shown. The operating 
life of friction units of submersible pumps is increased by 2.5–3.0 times. 

Keywords: polymer/polymer mixtures, nitrile-butadiene rubber, novolac resin, coke-graphite mix-

ture, tribotechnical properties. 
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Abstract—Investigation of the temperature-frequency mechanical loss factors and elastic moduli of pol-
ymeric materials allows calculating efficiency of damping coatings on substrates of metals and rigid 
composites in specified ranges of operation. The calculated and experimental data for different composi-
tions of damping materials are compared. The investigations were carried out using polymer composi-
tions based on modified epoxy resins and reinforcing fillers. 
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Abstract—The paper presents results of an investigation of polyethylene composite materials reinforced 
by disperse carbon and basalt fibers. The structural features of the fiber surface before and after the 
surface modification are studied. It is shown that treatment of basalt fibers by growing carbon nanofibers 
on their surface does not affect the characteristics of interfacial interaction in the system of polyeth-
ylene/fiber and the physical and mechanical properties of composites. It is established that the modifying 
layer on the surface of carbon fibers provides an increase in tensile strength of composite due to wetting 
of the fibers by the polymer melt caused by the reduced surface energy of organic fluorine layer. 

Keywords: polyethylene, carbon fiber, basalt fiber, surface modification, composite, structure, phys-

ical and mechanical characteristics, interfacial interaction.  
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Abstract—The paper presents mechanic-analytical model of the carbon fabric structure. Based on theo-
retical research of interaction between warp and weft threads of the fabric repeat the model permits to 
determine following parameters of the fabric structure: forces of threads tension inside the structure, 
mutual pressure force between warp and weft threads in contact areas, lengths, deflections, structure 
angles and compression of threads, phase of fabric construction, thickness of structure, linier, surface 
and volume threads filling, surface and volume porosity, surface and volume density. 
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Abstract—Having analyzed experimental data on the long-term strength of unirradiated austenitic mate-
rials and dependencies prediction obtained by intergranular fracture model, the authors determined an 
assurance factor for constructing curves for the long-term strength of unirradiated and irradiated materi-
als. On the basis of physical mechanical model and experiments, the normative curves for the initial and 
irradiated states of Kh18N9 and 08Kh16N11M3 steels were calculated and verified on the premise of 
external and intrareactor tests. 
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Abstract—The study results of fracture and embrittlement mechanisms are represented for austenitic 
steels of 18Cr–9Ni and 18Cr–10Ni–Ti grades after long term neutron irradiation at high temperatures. 
The effect of irradiation temperature and time as well as neutron dose on the fracture strain and fracture 
mechanisms has been considered. On the basis of the obtained results and special tests a new mecha-
nism of high temperature radiation embrittlement is proposed and justified as caused by the synergetic 
action of helium and thermal aging. Thermal aging leads to the formation of various phases on grain 
boundaries and, hence, to decrease of grain boundary strength. Helium diffusion at high test tempera-
tures stimulates accumulation and growth of helium bubbles on weakened grain boundaries.  

Ключевые слова: austenitic steels, neutron irradiation at high temperatures, fracture and embrit-
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The paper presents results of experimental investigations on the fracture toughness of anticorro-
sive cladding for RPV of WWER-type reactors after irradiation in the range from 0 to 1.8·10

20
 neu-

tron/cm
2
. On the basis of these data and data obtained earlier the dependence of the fracture toughness 

on neutron fluence and temperature was derived by statistical analysis methods. 
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Abstract—The influence of neutron irradiation and post-radiation annealing on the fracture toughness of 

anticorrosive cladding material for reactor pressure vessel with different content of phosphorus and -
ferrite has been investigated. The effect of the annealing temperature on the degree of degradation and 
restoration of the weld metal has been considered. The mechanisms that occur during annealing have 
both positive and negative effect on the restoration of weld metal properties. The results of the research 
can be used for justification of the resistance to brittle fracture of reactor pressure vessels after annealing. 
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Abstract—The influence of neutron irradiation, post-radiation annealing and repeated irradiation on the 
fracture toughness and mechanical properties of anticorrosive cladding material for reactor pressure 
vessel has been investigated. The authors propose dependencies for predicting the deformation dia-
gram and the cracking resistance of the weld metal taking into account the effect of annealing and re-
peated neutron irradiation. The obtained curves can be used to calculate the stress-strain state of reac-
tor pressure vessels, as well as to assess the brittle fracture of the material during reactor vessel’s oper-
ation after annealing. 
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