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Abstract—Behavior of δ-ferrite during crystallization, solidification and subsequent cooling of solid 
nitrogen-containing stainless steel of different compositions has been studied by thermodynamic simula-
tion methods. The results were confirmed experimentally and can serve as a basis to justify the composi-
tion and processing parameters of steel at all stages, for example, to provide the controlled δ-ferrite con-
tent during the hot plastic deformation and welding or most complete dissolution of δ-ferrite during the 
austenitization. 

Keywords: nitrogen-containing stainless steel, δ-ferrite, crystallization, austenitization, thermody-

namic simulation. 
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Abstract—The kinetics of boriding in steels has been studied. The paper states that the thickness of 
the boride layer at all temperatures depends on the diffusion mobility of atoms of boron, carbon and alloy-
ing elements. 

Keywords: diffusion, boriding, temperature, steel, carbon, kinetics, adsorption, extension. 
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Abstract—The paper carefully studies nitrocarburizing of steel ShKh15 (ШХ15) inside of carbonitrid-
ing paste for punch tools manufacturing. Results of testing and microstructures of nitrocarburized steel 
layers have been presented. The carbon concentration changes in depth of the diffusion layers have 
been analyzed. 

Keywords: steel ShKh15 (ШХ15), nitrоcarburizing, carbonitriding paste, punch tools. 
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Abstract—The paper studies alloying elements (Al, V, Mo) redistribution in the pseudo-alpha titani-
um structure under graded stretching until sample’s destruction. Local sections of titanium structure and 
of fracture surface have been scanned by electron microscopy and X-ray microanalysis. The change in 
the chemical and phase composition of the alloy has been compared with the initial state stimulated by 
deformation influence. Structural-phase state of the material under high plastic strains is metastable, fixed 
by system of deformation of the crystal lattice defects. 
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Abstract—The results of development of new nickel-base superalloy having an operation tempera-
ture up to 800°C for gas turbine disks have been presented. Structures, mechanical properties and phase 
transformations of six experimental compositions have been researched. Physical and chemical modeling 
has been used to make a right choice of an alloy; with parameters as composition equivalents (they were 
based on equations of non-polarizing ionic radii). The highest level of strength, ductility, toughness, and 
heat resistance was exhibited at 750°C by Ni–Co–Cr–W–Mo–Ta–Al–Ti–Nb experimental composition 
with the total of aluminum, titanium and niobium equal to 10 wt. % and containing 4 wt. % of tantalum. 

Keywords: nickel-base superalloy, alloy composition, microstructure, strengthening '-phase, me-
chanical properties, heat treatment. 
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Abstract—The paper investigates the alloying effect on intermetallic melting temperature based on 
Ni3Al (γ'-phase) in which the aluminum (up to 5% at.) was replaced by one of the following elements – 
titanium, tantalum, tungsten, molybdenum, niobium and rhenium, as well as by a complex of these ele-
ments. Chromium was replaced by nickel. Experimental studies were conducted on polycrystalline sam-
ples after homogenization. The melting temperature (solidus temperature) of intermetallic alloys has been 
determined by differential thermal analysis. It is found that addition of rhenium (0.4 at. %) and tungsten 
(1.3 at. %) increases Ni3Al melting temperature (1372°C) to 1386 и 1380°C respectively. The introduction 
of elements – molybdenum (1.6 at. %), tantalum (2.3 at. %), titanium (4.5 at. %), chromium (4.9 at. %) 
and niobium (4.9 at. %) – lowers the melting temperature up to 1371, 1368, 1360, 1355 и 1338°C respec-
tively. The complex of alloying elements (titanium, tantalum, tungsten, molybdenum, niobium, chromium 
and rhenium) decreases γ'-phase melting temperature. 

Keywords: intermetallic alloys, intermetallic compound Ni3Al, γ'-phase, melting temperature. 
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Abstract—The crystallization of melts under the action of external factors leads to improved me-
chanical properties of the finished metal wares. The paper presents results of research of metal wares of 
aluminum alloy AD1 obtained by a new way of combination of continuous horizontal casting and defor-
mation in the solid-liquid state. The scheme of device for realizing combined process shown and the func-
tioning of the device has been reviewed. The description flat blanks obtaining and preparation of samples 
for the study of mechanical properties and microstructure of blanks has been presented. The obtained 
metal wares have a fine grain structure, with dense arrangement direction of dislocations. The grain 
boundaries are irregular, wide, consisting of a wreath of dislocation loops and grids. This internal struc-
ture of metal ware is formed directly in the crystallization process and enhances the mechanical charac-
teristics of blanks. No internal defects (pores, microporosity) have been detected. The paper shows the 
possibility of obtaining lengthy metal wares with a fine-grain structure, the absence of internal defects and 
improved mechanical properties in a short production cycle with reduced power impact on the melt more 
than 50%. 

Keywords: aluminum alloys, microstructure, continuous casting, mechanical properties, crystalliza-

tion, combined processes. 
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Abstract—The results of the investigation of the grain structure and deformation porosity of copper 
M0b obtained by shear deformation by the method of angular hydroextrusion (UGE) are presented. The 
evolution of the grain and defect structure (micropores) in the process of nonmonotonic deformation is 
shown. The influence of angular hydroextrusion on the mechanical properties of copper is investigated on 
the basis of the obtained experimental data. 

Keywords: microstructure, angular hydroextrusion, hardness, deformation porosity, intense plastic 

deformation, dynamic recrystallization. 
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Abstract—The features of carbon steels 20, 45 and U8 saturation with nitrogen plasma electrolytic 
treatment in an aqueous electrolyte based on carbamide and ammonium chloride, and tribological proper-
ties of their surfaces after inoculation are tested. Anode plasma electrolytic nitriding of carbon steels is 
shown to result in formation of oxide and nitride-martensite layers with increase in their microhardness up 
to 1000–1050 HV according to data of X-ray and scanning electron microscopy. It is proposed an electro-
lyte containing 10% ammonium and 15% carbamide and processing regime (700°С, 5 min) which enable 
to decrease in the lubricant friction coefficient of low-carbon steel from 0.17 to 0.12 and its weight wear 50 
times in comparison with untreated sample. This testing was conducted using hardened medium carbon 
steel (50 HRC) as counter-body under normal load of 209 N and sliding rate of 0.5 m/s.  

Keywords: plasma electrolytic nitriding, carbon steel, carbamide, wear. 
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Abstract—The paper describes a fundamentally new cable accessory, which is not structural ele-
ment of the cable. It will be referred to as a slip-magnetic shield of special design. The results of the 
study of the magnetic shielding properties of MAR1-K screen, made from soft magnetic AMAG-172 alloy 
have been presented. Numerical simulation of shielding effectiveness, depending on the design parame-
ters of the structure (thickness, slip screen position, opening angle) has been carried out. It is shown 
that unconfined screens can effectively redistribute the magnetic field and to shield the single conduc-
tors. Models of slip-magnetic shields have been made and tested on the basis of calculations. The re-
sults showed a decrease in the magnetic field level more than twice at a current of 500 A. The paper 
overviews existing materials for shielding, providing foundation for the selected material, as well as op-
timization of the results of calculations and experiments. The results of these studies could be useful for 
specialists in various fields of science and engineering: materials science, electrical engineering, power 
engineering, medical technologies and others. 

Keywords: аmorphous soft magnetic alloys, shielding of magnetic field, shielding ratio, shield at-

tenuation ratio, genetic algorithm, magnetic screen MAR-1K, ferromagnetic materials, cable lines.. 
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Abstract—The paper shows results of the study of Ti–Ru–O coatings obtained by the vacuum mag-
netron direct current sputtering. Titanium and ruthenium were deposited simultaneously under different 
partial pressures of oxygen. 
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Abstract—The process of electrodeposition of nickel-phosphorus alloys from a pyrophosphate elec-
trolyte with various concentrations of sodium hypophosphite has been studied. The relationship between 
the concentration of sodium hypophosphite in the electrolyte and the deposition of the Ni–P coating from 
the pyrophosphate electrolyte with a change in its structure and properties has been described, and the 
conditions under which the composition of the coating does not depend on the current density have been 
determined. 

Keywords: coatings of the Ni–P system, products with complex geometric shape, electrodeposition, 
hypophosphite concentration, pyrophosphate electrolyte.  
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Abstract—The results of studies of the effect of reinforcing additives silicon carbide and heat treat-
ment on the wear of the nickel-phosphorus coatings under continuous friction sliding, fretting wear and 
fretting corrosion were done (subject to changes in load and the oscillation amplitude). Coating’s wear 
during fretting is 1.3–3.5 times higher than during sliding. At the same time fretting corrosion occurs 1.3–
1.6 times more intensely than fretting wear. The heat-treated NiP coating without additives exhibited the 
lowest wear at the sliding, fretting and fretting corrosion.  

Keywords: coatings, friction, fretting, fretting corrosion. 
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Abstract—The article considers low-porosity polymer materials made by RFI (Resin Film Infusion). 
The basic requirements to the rheological properties of film binding are provided. Physical and mechani-
cal properties (density, porosity, compressive strength) of glass-reinforced plastic are investigated. The 
properties of plastics made by RFI have been compared with those made by autoclave molding and direct 
compression. It is shown, that RFI-technology allows manufacturing materials with high values of physical 
and mechanical properties. The principles of power efficiency and ecological safety are observed. 
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Keywords: polymer composite materials, resin film infusion (RFI), thermosetting epoxy resins, bis-
maleimide-epoxy resins, rheology of resin, glass fillers, fiberglass. 
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Abstract—The aim of this work was to improve the physical, chemical and mechanical properties of 
epoxy composites by using fine powder of hexagonal boron nitride. Studies have shown that its introduc-
tion into the epoxy increases the physico-mechanical properties of the composite: the breaking stress 
increases 2.5 times and flexural modulus by 15%, breaking stress in compression has been improved by 
27%, breaking stress and the tensile modulus of elasticity by 20–25%, toughness increases 4 times and 
hardness by 85%, while maintaining heat resistance. The introduction of boron nitride changes the pa-
rameters of the kinetics of epoxy oligomer hardening shortening gelation from 45 to 36 minutes and the 
duration of hardening from 53 to 48 minutes, but maximum hardening temperature is practically un-
changed. Introduction of boron nitride into the epoxy composition enhances the thermal conductivity by 
50–80% and decreases its thermal resistance. Thus, the developed materials may be used in aircraft and 
electronic engineering, shipbuilding, automotive industry. 

Keywords: epoxy resin, modification, filler, hexagonal boron nitride, mechanical properties. 
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Abstract—The article reports research results evaluating interface of the polymer matrix and silica-
based optical fibers covered with protective layer by microstructural analysis. The data of the analysis of 
the protective layer has been obtained by IR-spectroscopy on the subject of compatibility with polymer 
matrix considering curing regimes. 

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


 

© 2017 NRC “Kurchatov Institute” –  

    CRISM “Prometey” 

    http://www.crism-prometey.ru  

Scientific and Technical Journal 
"Voprosy Materialovedeniya" 

 
 

Keywords: polymer matrix, optical fiber, fiber optic sensor, quantitative microstructural analysis, 

smart materials. 

ACKNOWLEDGEMENTS 

The Russian Foundation for Basic Research (RFBR), a self-governed federal state nonprofit organ-
ization, supported the work (Grant No. 13-03-12047, contest code ofi_m). 

DOI: 10.22349/1994-6716-2017-89-1-155-168 

REFERENCES 

1. Guniaeva, A.G., Chursova, L.V., Fedotov, M.Yu., Cherfas, L.V., Issledovanie ugleplastika s na-
nomodifitsirovannym molniezashhitnym pokrytiem i sistemoi vstroennogo kontrolia na osnove volo-
konnykh breggovskih reshetok [Investigation of carbon fiber reinforced plastic with nanomodified light-
ning-protection coating and integrated control system based on fiber Bragg gratings], Voprosy Materi-
alovedeniya, 2016, No 1, pp. 80–91. 

2. Guniaeva, A.G., Cherfas, L.V., Komarova, O.A., Fedotov, M.Yu., Izyskanie putei sozdaniya 
molniezashhitnogo pokrytiya na osnove uglerodnoi tkani s metallicheskimi vkliucheniyami i vozmozhnosti 
ego primeneniya v elemente konstruktsii kryla la, vypolnennogo iz ugleplastika [The search for ways to 
create a lightning protection coating based on carbon fabric with metallic inclusions and the possibility of 
its application in the element of the construction of a wing of a la made of carbon fiber], Collection of ma-
terials of the youth conference, FGUP “VIAM”, Moscow, 2015, p. 6. 

3. Goncharov V.A., Fedotov M.Yu., Modelirovanie fiziko-mekhanicheskih svoistv intellektualnogo 
ugleplastika s optovolokonnymi sensorami [Modeling of physical and mechanical properties of intelligent 
carbon fiber optic with fiber optic sensors], Collection of materials of the V international conference “De-
formation and destruction of materials and nanomaterials” DFMN-2013. IMET RAN, Moscow, 2013. 

4. Guliaev, I.N., Guniaev, G.M., Raskutin, A.E., Polimernye kompozitsionnye materialy s funktsiyami 
adaptatsii i diagnostiki sostoyaniya [Polymer composite materials with adaptation and diagnostics func-
tions], Aviatsionnye materialy i tekhnologii, 2012, No S, pp. 242–253.  

5. Fedotov, M.Yu., Goncharov, V.A., Shienok, A.M., Intellektualnye PKM – materialy novogo 
pokoleniya [Intellectual polymer composites, materials of new generation], Collection of materials of the 
conference “New materials and technologies for deep processing of raw materials, the basis for the 
innovative development of the Russian economy”, Moscow, VIAM, 2012, Scientific electronic edition of 
local distribution. 

6. Fedotov, M.Yu., Kontseptsii sozdaniya i tendentsii razvitiya intellektualnykh materialov (obzor) 
[Concepts of creation and trends of development of intellectual materials (review)], Aviatsionnye materialy 
i tekhnologii, 2015, No 1 (34), pp. 71–80. 

7. Shishkin, V.V., Terentiev, V.S., Kharenko, D.S., Dostovalov, A.V., Wolf, A.A., Simonov, V.A., Ba-
bin, S.A., Shelemba, I.S., Fedotov, M.Yu., Shienok, A.M., Fiber-optic sensors based on FBGs with in-
creased sensitivity difference embedded in polymer composite material for separate strain and tempera-
ture measurements, Conference: Transforming the Future of Infrastructure through Smarter Information, 
Proceedings of the International Conference on Smart Infrastructure and Construction, ICSIC, 2016,  
pp. 75–79. DOI: 10.1680/tfitsi.61279.75. 

8. Shishkin, V.V., Terentiev, V.S., Kharenko, D.S., Dostovalov, A.V., Wolf, A.A., Simonov, V.A.,  
Fedotov, M.Yu., Shienok, A.M., Shelemba, I.S., Babin, S.A., Experimental method of temperature and 
strain discrimination in polymer composite material by embedded fiber-optic sensors based on femtosec-
ond-inscribed FBGs, Journal of Sensors, 2016, Article ID 3230968. 

9. Patent RU (11) 2 588 552(13) C1, Int. Cl. B64C 3/26 (2006.01), B64D 45/02 (2006.01), B64D 
47/00 (2006.01), Panel from polymer composite material with lightning-proof coating, Filing Date: 
03.06.2015, Publication Date: 27.06.2016, Bull. No 18. 

10. Zhelezina, G.F., Sivakov, D.V., Guliayev, I.N., Vstroyenny kontrol: ot datchikov do inform-
kompozitov [Built-in control: from sensors to smart materials], Aviatsionnaya promyshlennost, 2008, No 3,  
pp. 46–50. 

11. Gnusin, P.I., Vasiliev, S.A., Medvedkov, O.I., Grekov, M.V., Dianov, Ye.M., Guliaev, I.N., Siva-
kov, D.V., Ispolzovanie volokonnykh reshetok v kachestve chuvstvitelnykh elementov v kompozitsionnykh 
materialakh [Fiber gratings as sensitive elements in composite materials], Foton-express, 2009, No 6 
(78), pp. 90–91. 

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


 

© 2017 NRC “Kurchatov Institute” –  

    CRISM “Prometey” 

    http://www.crism-prometey.ru  

Scientific and Technical Journal 
"Voprosy Materialovedeniya" 

 
 

12. Nazirov, M.F., Zhukov, Yu.A., Yakovitskaya, S.Yu., Izmerenie deformirovannogo sostoyaniya 
obraztsov s pomoshchiyu optovolokonnykh datchikov, vnedrennykh v strukturu kompozitsionnogo materi-
ala [Measurement of the deformed state of samples by means of fiber-optic sensors embedded in the 
structure of a composite material], Voprosy oboronnoy tekhniki. Seriya 16: Tekhnicheskiye sredstva pro-
tivodeystviya terrorizmu [Questions of Defense Technology. Series 16: Technical Countermeasures to 
Terrorism], 2015, No 9–10, pp. 95–101. 

13. Patent US 6204920 B1, Optical fiber sensor system, McDonnel Douglas Corporation, Filing 
Date: 18.02.1997, Publication Date: 20.03.2001. 

14. Patent JP2005098921(A), Cl. Int. G01M11/08; Damage detection system for structural compo-
site material and method of detecting damage to structural composite material, Publication Date: 
14.04.2005. 

15. Patent JP2007232371(A), Cl. Int.  G01N21/27; Damage detection system using optical fiber 
sensors, Publication Date: 13.09.2007. 

16. Sang-Woo Kim, Min-Soo Jeong, In Lee, Eun-Ho Kim, Il-Bum Kwon, Tae-Kyung Hwang, Deter-
mination of the maximum strains experienced by composite structures using metal coated optical fiber 
sensors, Composites Science and Technology, 2013, V. 78, 1, April, pp. 48–55. 

17. Di Sante, R., Donati, L., Strain monitoring with embedded Fiber Bragg Gratings, Advanced 
composite structures for nautical applications, Measurement, 2013, March, 26. 

18. Kojovic, A., Zivkovic, I., Brajovic, L., Mitrakovic, D., Aleksic, R., Laminar composite materials 
damage monitoring by embedded optical fibers, Fracture of Nano and Engineering Materials and Struc-
tures, 2006, pp. 1035–1036. 

19. Vincenzini, P., Casciati, F., Rizzo, P., Smart Composite Device for Structural Health Monitoring, 
Advances in Science and Technology, 2012, September, (V. 83). 

20. Deev, I.S., Kobets, L.P., Issledovanie mikrostruktury i osobennostey razrusheniya epoksidnykh 
matrits [Investigation of microstructure and features of destruction of epoxy matrices], Klei. Germetiki. 
Tekhnologii, 2013, No 5, pp. 19–27. 

21. Deev, I.S., Kablov, E.N., Kobets, L.P., Chursova, L.V., Issledovanie metodom skaniruyushchey 
elektronnoy mikroskopii deformatsii mikrofazovoy struktury polimernykh matrits pri mekhanicheskom 
nagruzhenii [Scanning electron microscopy of the deformation of the microphase structure of polymer 
matrices under mechanical loading], VIAM Proceedings, 2014, No 7, pp. 6. URL: http://www.viam-
works.ru (reference date 16/03/2016), DOI: 10.18577/2307-6046-2014-0-7-6-6. 

22. Babin, A.N., Svyazuyushchie dlia polimernykh kompozitsionnykh materialov novogo pokoleniya 
[Binders for new generation polymer composites], VIAM Proceedings, 2013, No 4, pp. 11. URL: 
http://www.viam-works.ru (reference date 16/03/2016). 

23. Mukhametov, R.R., Akhmadieva, K.R., Chursova, L.V., Kogan, D.I., Novye polimernye 
svyazuyushchie dlia perspektivnykh metodov izgotovleniya konstruktsionnykh voloknistykh PKM [New 
polymeric binders for promising methods for manufacturing of structural fibrous PCM], Aviatsionnye mate-
rialy i tekhnologii, 2011, No 2, pp. 38-42. 

24. Mukhametov, R.R., Akhmadieva, K.R., Kim, M.A., Babin, A.N., Rasplavnye sviazuyushchie dlia 
perspektivnykh metodov izgotovleniya PKM novogo pokoleniya [Melt Binders for Advanced Manufactur-
ing Methods for New Generation PCMs], Aviatsionnye materialy i tekhnologii, 2012, No S, pp. 260–265. 

25. Sperling L. Vzaimopronikayushchie polimernyye setki i analogichnye materialy [Interpenetrating 
polymer networks and similar materials], Leningrad; Moscow: Mir, 1984. 

25. Guliaev, A.I., Iskhodzhanova, I.V., Zhuravleva, P.L., Primenenie metoda opticheskoy mikros-
kopii dlia kolichestvennogo analiza struktury PKM [Application of the optical microscopy method for quanti-
tative analysis of the structure of polymer composite materials], VIAM Proceedings, 2014, No 7, p. 7. URL: 

http://www.viam-works.ru (reference date 16/03/2016). DOI: 10.18577/2307-6046-2014-0-7-7-7. 

UDC 621.791.753.5 

NEW HIGH-EFFICIENCY ARC WELDING METHODS  

B. F. YAKUSHIN, Dr. Sc. (Eng) 

Bauman Moscow State Technical University, 5, 2nd Baumanskaya St, 105005, Moscow,  
Russian Federation. E-mail: jakushinbf@mail.ru 

http://www.crism-prometey.ru/
http://elibrary.ru/contents.asp?issueid=1443355&selid=24336050
https://worldwide.espacenet.com/publicationDetails/biblio?FT=D&date=20050414&DB=&locale=en_EP&CC=JP&NR=2005098921A&KC=A&ND=4


 

© 2017 NRC “Kurchatov Institute” –  

    CRISM “Prometey” 

    http://www.crism-prometey.ru  

Scientific and Technical Journal 
"Voprosy Materialovedeniya" 

 
 

Received November 16, 2016 

Abstract—The paper presents results of the comparative analysis of new high-efficiency sub-
merge arc welding methods. Operational properties of joints welded by these methods have been inves-
tigated. 
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Abstract—The possibility of increasing resistance of austenitic chromium-nickel 09Kh18Н9 and 
08Kh16Н11М3 steels to pitting and intercrystalline corrosion has been studied within standby mode of 
the fast breeder reactor. Passive film resistance to chlorides could be improved by increasing the con-
tents of elements with high affinity towards oxygen. 
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Abstract—The paper gives an analysis of emergency damage to pipes intended to drilling for solid 
minerals with a removable core receiver. It is shown that tubular Drillmax 850 of foreign production are 
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not suitable for drill pipes (with surface hardening by carbonitriding) to operate in the Russian climate. It 
is established that the carbonitriding contributes to increase the cold-brittleness threshold of the material 
applied for Drillmax 850 and, thus, to decrease the resistance to cracks propagation. 

Keywords: emergency damage, drill pipe, threaded area, carbonitriding, operational crack, tough-

ness, cold-brittleness threshold, brittle fracture. 
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