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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. 

DOI: 10.22349/1994-6716-2017-89-1-38-50 

REFERENCES 

1. Ivanova, L.A., Travin, V.V., Benemanskaya, G.V., Makarenko, I.V., Petrov, V.N., Evolutsiya 
struktury titanovogo splava pri uprugo-plasticheskom nagruzhenii obraztsa, [Evolution of titanium alloy 
structure under elastoplastic loading], Voprosy Materialovedeniya, 2016, No 1, pp. 11–21. 

2. Farber, V.N., Contribution of diffusion processes to structure formation in intense cold plastic de-
formation of metals, Metal Science and Heat Treatment, 2002, No 7–8, pp. 323–329. 

3. Skotnikova, M.A., Ushkov, S.S. Razrabotka nauchnogo printsipa vybora okoncha-telnoy termich-
eskoy obrabotki dvukhfaznykh goryachedeformirovannykh polufabrikatov iz splavov titana [Development 
of scientific principles of selection of heat treatment for two-phase semifinished products from titanium 
alloys], Progressivnye materialy i tekhnologii, 1999, No 3, pp. 91–98. 

4. Skotnikova, M.A., Strukturno-kontsentratsionnaya neodnorodnost tverdykh rastvorov [Structurally 
concentration heterogeneity of solid solutions], Sinergetika, struktura i svoystva materialov, samoorgani-
zuyushchiyesya tekhnologii [Synergetics, structure and properties of materials, self-organizing technolo-
gies], Collection of Baikov Metallurgy Institute, Moscow, 1996, pp. 203–204. 

5. Sagaradze, V.V., Diffuzionnye prevrashcheniya v staliakh pri kholodnoy deformatsii [Diffusion 
transformations in steels under cold deformation], Moscow, 2008, No 9, pp.19–27. 

6. Koloskov, V.N., Deriagin, A.I., Vildanova, A.D., Gapontsev, V.A., Kontsentratsionnye i strukturnye 
prevrashcheniya v austenitnykh khromonikelevykh splavakh na osnove zheleza pri IPD [Concentration 
and structural transformations in austenitic chromium-nickel alloys based on iron under severe plastic 
deformation], Fizicheskaya mezomekhanika, 2006, T. 9, No 5, pp. 97–105. 

7. Umansky, Ya.S., Skakov, Yu.A., Fizika metallov. Atomnoe stroenie metallov i splavov [The Phys-
ics of Metals. The Atomic Structure of Metals and Alloys], Moscow: Atomizdat, 1978. 

8. Bokshtein, S.Z., Diffuziya i struktura metallov [Diffusion and metal structure], Moscow: Metallur-
gia, 1973.  

9. Teitel, E.I., Metlov, L.S., Gundarev, D.V., Korznikov, A.V., On the structural and phase transfor-
mations in solids induced by severe plastic deformation, The Physics of Metals and Metallography, 2012, 
No 12, pp.1162–1168. 

10. Ivanov, Yu. F., Kornet, E. V., Gromov, V. E., Strukturno-fazovye prevrashcheniya v zakalennoy 
konstruktsionnoy stali, deformirovannoy odnoosnym szhatiem [Structural and phase transformations in 

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


 

© 2017 NRC “Kurchatov Institute” –  

    CRISM “Prometey” 

    http://www.crism-prometey.ru  

Scientific and Technical Journal 
"Voprosy Materialovedeniya" 

 
 

the hardened steel, deformed by uniaxial compression], Deformatsiya i razrushenie materialov, 2010,  
No 1, pp. 8–13. 

11. Vasiliev, L. S., Korzinkov, A. V., Neravnovesnye kooperativnye yavleniya i pro-cessy pri inten-
sivnoy plasticheskoy deformatsii metallov i splavov. Ch. 1: Deformatsionno inducirovannye strukturnye 
prevrashcheniya [Nonequilibrium cooperative phenomena and processes under severe plastic defor-
mation of metals and alloys. Part 1. Deformation induced structural transformations], Deformatsiya i 
razrushenie materialov, 2014, No 3, pp. 2–11.  

12. Gapontsev, V.A., Koloskov, V.M., Nonequilibrium vacancy-stimulated diffusion (induced diffu-
sion) as the main mechanism of activated alloy formation, Metal Science and Heat Treatment, 2007, 
No 11, pp. 503–515. 

13. Rybin, V.V., Strukturno-kineticheskie aspekty fiziki razvitoj plasticheskoj deformacii [Structural and 
kinetic aspects of the physics of developed plastic deformation], Izvestiya vuzov. Fizika, 1991, No 3, p. 7. 

14. Ilyin, A. A., Kolachiov, B. A., Polkin, I. S., Titanovye splavy. Sostav, struktura, svoistva [Titanium 
alloys. Composition, structure and properties], Handbook, Moscow: VILS-MATI, 2009. 

UDC 669.018:44 

MAIN FEATURES OF THE DISPERSE NIOBIUM CARBIDE PARTICLES STRUCTURE  
IN THE HEAT-RESISTANT Fe–25Cr–35Ni ALLOYS 

S. Yu. KONDRATIEV
1
 Dr. Sc. (Eng), E. V. SVIATYSHEVA

2
, S. N. PETROV

2
, PhD (Chem) 

Received November 25, 2016 
1
Peter the Great St Petersburg Polytechnic University, 29, Polytechnicheskaya St, 195251, St Petersburg, 

Russian Federation 
2
 NRC ”Kurchatov Institute” – CRISM “Prometey”, 49, Shpalernaya St, 191015, St Petersburg,  

Russian Federation. E-mail: mail@crism.ru 

Abstract—The structure of niobium carbide particles dispersed in a cast heat-resistant alloy based on 
the Fe–Cr–Ni–C system, modified with Nb and Ti, has been studied by optical and electron microscopy. The 
particles can generally be considered as multiphase polycrystalline clusters with heterogeneous chemical 
composition and crystal structure. The paper presents probable reasons of the polycrystalline nature of nio-
bium carbide. 

Keywords: cast heat-resistant alloys, heat-resisting castings, microstructure, phase composition, 

electron microscopy, carbide phases 

DOI: 10.22349/1994-6716-2017-89-1-51-63 

REFERENCES 

1. Garbiak, M., Jasinski, W., Piekarski, B., Materials for Reformer Furnace Tubes. History of Evolu-
tion, Archives of Foundry Engineering, 2011, V. 11, Special Issue 2, pp. 47–52. 

2. Bonaccorsi, L., Guglielmino, E., Pino, E., Servetto, C., Sili, A., Damage analysis in Fe-Cr-Ni cen-
trifugally cast alloy tubes for reforming furnaces, Eng. Fail. Anal., (2014), No 36, pp. 65–74. 

3. Ilman, M.N., Kusmono Kusmono, Analysis of material degradation and life assessment of  
25Cr-38Ni-Mo-Ti wrought alloy steel (HPM) for cracking tubes in an ethylene plant, Eng. Fail. Anal., 
(2014), No 42, pp. 100–108. 

4. Tawancy, H.M., Ul-Hamid, A., Mohammed, A.I., Abbas, N.M., Effect of materials selection and 
design on the performance of an engineering product – An example from petrochemical industry, Materi-
als and Design, 2007, V. 28, Is. 2, pp. 686–703. (DOI 10.1016/j.matdes.2005.07.003). 

5. Kaya, A.A., Krauklis, P., Young, D.J., Microstructure of HK40 alloy after high-temperature service 
in oxidizing/carburizing environment: I. Oxidation phenomena and propagation of a crack, Mater. Char., 
(2002), V. 49, Is. 1, pp. 11–21. 

6. Kaya, A.A., Microstructure of HK40 alloy after high-temperature service in oxidizing/carburizing 
environment: II. Carburization and carbide transformations, Mater. Char., (2002), V. 49, Is. 23–34. 

7. De Almeida, L.H., Ribeiro, A.F., Le May, I. Microstructural characterization of modified 25Cr-35Ni 
centrifugally cast steel furnace tubes, Mater. Char., 2003, V. 49, Is. 3, pp. 219–229. 

8. Kenik, E.A., Maziasz, P.J., Swindeman, R.W., Cervenka, J., May, D., Structure and phase stability 
in cast modified-HP austenite after long-term ageing, Scripta materialia, 2003, V. 49, Is. 2, pp. 117–122. 

http://www.crism-prometey.ru/
http://elibrary.ru/item.asp?id=13553970
http://elibrary.ru/item.asp?id=13553970
http://elibrary.ru/title_about.asp?id=1842
mailto:mail@crism.ru


 

© 2017 NRC “Kurchatov Institute” –  

    CRISM “Prometey” 

    http://www.crism-prometey.ru  

Scientific and Technical Journal 
"Voprosy Materialovedeniya" 

 
 

9. Rudskoy, A.I., Kondratiev, S.Yu., Anastasiadi, G.P., Oryshchenko, A.S., Fuks M.D., Petrov S.N., 
Special features of structure and long-term strength of cast refractory alloy 45Kh26N33S2B2, Metal Sci-
ence and Heat Treatment, 2013, V. 55, Is. 3–4, pp. 209–215. DOI: 10.1007/s11041-013-9607-7. 

10. Rudskoy, A.I., Anastasiadi, G.P., Kondratiev, S.Yu., Oryshchenko, A.S., Fuks, M.D., Effect of 
electron factor (number of electron holes) on kinetics of nucleation, growth, and dissolution of phases dur-
ing long-term high temperature holdings of 0.45C-26CR-33NI-2SI-2NB superalloy, The Physics of Metals 
and Metallography, 2014, V. 115, Is. 1, pp. 1-11. 

11. Sustaita-Torres, I. A., Haro-Rodrigues, S., Guerrero-Mata, M. P., De La Garza, M., Valdes, E., 
Deschaux-Beaume, F., Colas, R. Aging of cast 35Cr-45Ni heat resistant alloy, Materials Chemistry and 
Physics, 2012, V. 133, pp. 1018–1023. 

12. Monobe, L.S., Schőn, C.G., Microstructural and fractographic investigation of a centrifugally cast 
20Cr32Ni+Nb alloy tube in the ‘as cast’ and aged states, Journal of Materials Research and Technology, 
2013, V. 2, Is. 2, pp. 195–201. 

13. Wang, W. Z., Xuan, F. Z., Wang, Z. D., Liu, C. J., Effect of overheating temperature on the mi-
crostructure and creep behavior of HP40Nb alloy, Materials and Design, 2011, V. 32, pp. 4010–4016. 

14. Borjali, S., Allahkaram, S.R., Khosravi, H., Effects of working temperature and carbon diffusion 
on the microstructure of high pressure heat-resistant stainless steel tubes used in pyrolysis furnaces dur-
ing service condition, Materials and Design, 2012, V. 34, pp. 65–73. 

15. Rudskoy, A.I., Kondratiev, S.Y., Anastasiadi, G.P., Oryshchenko, A.S., Fuks M.D., Mechanisms and 
kinetics of phase transformations in refractory alloy 45Kh26N33S2B2 in long-term high-temperature holds. 
Part 1, Metal Science and Heat Treatment, 2014, V. 56, Is. 1–2, pp. 3–8. DOI: 10.1007/s11041-014-9692-2 

16. Rudskoy, A.I., Kondratiev, S.Y., Anastasiadi, G.P., Oryshchenko, A.S., Fuks M.D., Mechanisms 
and kinetics of phase transformations in refractory alloy 45Kh26N33S2B2 in long-term high-temperature 
holds. Part 2, Metal Science and Heat Treatment, 2014, V. 56, Is. 3–4, pp. 124–130. DOI: 
10.1007/s11041-014-9717-x 

17. Rudskoy, A.I., Kondratiev, S.Yu., Anastasiadi, G.P., Oryshchenko, A.S., Fuks, M.D., Petrov, 
S.N., Transformation of the structure of refractory alloy 0.45C-26CR-33NI-2SI-2NB during a long-term 
high-temperature hold, Metal Science and Heat Treatment, 2014, V. 55, Is. 9–10, pp. 517–525.  
DOI: 10.1007/s11041-014-9664-6 

18. Piekarski, B., Effect of Nb and Ti additions on microstructure and identification of precipitates in 
stabilized Ni–Cr cast austenitic steels, Materials Characterization, 2001, V. 47, pp. 181–186. 

19. De Almeida Soares, G. D., De Almeida, L. H., Da Silveira, T. L., Le May, I., Niobium additions in 
HP heat-resistant cast stainless steels, Materials Characterization, 1992, V. 29, Is. 3, pp. 387–396. 

20. Buchanan, K. G., Kral, M. V., Crystallography and morphology of niobium carbide in as-cast HP-
niobium reformer tubes, Metallurgical and Materials Transactions A, 2012, V. 43A, Is. 6, pp. 1760–1769. 
DOI 10.1007/s11661-011-1025-0. 

21. Buchanan K.G., Kral M.V., Bishop C.M. Crystallography and morphology of MC carbides in nio-
bium-titanium modified as-cast HP alloys // Metallurgical and Materials Transactions 
A., 2014, V. 45A, Is. 8. pp. 3373-3385. (DOI 10.1007/s11661-014-2285-2). 

22. Nunes F.C., De Almeida L.H., Dille J., Delplancke J.-L., Le May I. Microstructural changes 
caused by yttrium addition to NbTi-modified centrifugally cast HP-type stainless steels, Materials Charac-
terization, 2007, V. 58, pp. 132–142. 

23. Kondratiev, S.Yu., Ptashnik, A.V., Anastasiadi, G.P., Petrov, S.N., Analysis of transformations of 
carbide phases in alloy 25CR35NI by the method of quantitative electron microscopy, Metal Science and 
Heat Treatment, 2015, V. 57, Is. 7–8, pp. 402–409. DOI: 10.1007/s11041-015-9896-0 

24. Jingbo, Y., Yimin, G., Fang, Y., Caiying, Y., Zhaozhong, Y., Dawei, Y., Shengqiang, M., Effect of 
tungsten on the microstructure evolution and mechanical properties of yttrium modified HP40Nb alloy, 
Mater. Sci. Eng. A, (2011), V. 529, pp. 361–369. 

25. Sourmail, T., Precipitates in creep resistant austenitic stainless steels, Mater. Sci. Technol., 
(2001), V. 17, Is. 1, pp. 1–14. 

26. Rybin, V.V., Rubtsov, A.S., Nesterova, E.V., Metod odinochnykh refleksov (OR) i ego prime-
nenie dlia elektronno-mikroskopicheskogo analiza dispersnykh faz [The method of single reflex (OR) and 
its application to electron microscopy analysis of dispersed phase], Zavodskaya Laboratoriya, 1982, No 5, 
pp. 16–21. 

http://www.crism-prometey.ru/
http://elibrary.ru/author_items.asp?authorid=179098
http://elibrary.ru/author_items.asp?authorid=173954
http://elibrary.ru/author_items.asp?authorid=546248
http://elibrary.ru/author_items.asp?authorid=761111
http://elibrary.ru/author_items.asp?authorid=745538
http://elibrary.ru/title_about.asp?id=1842
http://elibrary.ru/title_about.asp?id=1842
http://elibrary.ru/contents.asp?issueid=1155707&selid=20451378
http://dx.doi.org/10.1007/s11041-013-9607-7
http://elibrary.ru/item.asp?id=21872078
http://elibrary.ru/item.asp?id=21872078
http://elibrary.ru/item.asp?id=21872078
http://elibrary.ru/title_about.asp?id=9420
http://elibrary.ru/title_about.asp?id=9420
http://elibrary.ru/author_items.asp?authorid=179098
http://elibrary.ru/author_items.asp?authorid=349234
http://elibrary.ru/author_items.asp?authorid=173954
http://elibrary.ru/author_items.asp?authorid=546248
http://elibrary.ru/author_items.asp?authorid=761111
http://elibrary.ru/title_about.asp?id=1842
http://elibrary.ru/contents.asp?issueid=1155707&selid=20451378
http://dx.doi.org/10.1007/s11041-013-9607-7
http://elibrary.ru/author_items.asp?authorid=179098
http://elibrary.ru/author_items.asp?authorid=349234
http://elibrary.ru/author_items.asp?authorid=173954
http://elibrary.ru/author_items.asp?authorid=546248
http://elibrary.ru/author_items.asp?authorid=761111
http://elibrary.ru/title_about.asp?id=1842
http://elibrary.ru/contents.asp?issueid=1155707&selid=20451378
http://dx.doi.org/10.1007/s11041-013-9607-7
http://elibrary.ru/contents.asp?issueid=1155707&selid=20451378
http://dx.doi.org/10.1007/s11041-014-9664-6
http://elibrary.ru/author_items.asp?authorid=760908
http://elibrary.ru/contents.asp?issueid=1155707&selid=20451378
http://dx.doi.org/10.1007/s11041-014-9664-6


 

© 2017 NRC “Kurchatov Institute” –  

    CRISM “Prometey” 

    http://www.crism-prometey.ru  

Scientific and Technical Journal 
"Voprosy Materialovedeniya" 

 
 

27. Rodionova, I.G., Zaitsev, A.I., Shaposhnikov, N.G., Chirkina, I.N., Pokrovsky A.M., Nemtinov, 
A.A., Mishnev P.A., Kuznetsov V.V., Effect of chemical composition and production parameters on 
nanostructured component formation and a set of properties for high-strength low-alloy structural steels, 
Metallurgist, 2010, V. 54, Is. 5-6, pp. 343–352. DOI 10.1007/s11015-010-9301-6. 

28. Mao, Z., Chen, W., Seidman, D. N., Wolverton, C., First-principles study of the nucleation and sta-
bility of ordered precipitates in ternary Al–Sc–Li alloys, Acta Materialia, 2011, V. 59, Is. 8, pp. 3012–3023. 

29. Monachon, C., Krug, M. E., Seidman, D. N., Dunand, D. C., Chemistry and structure of 
core/double-shell nanoscale precipitates in Al–6.5Li–0.07Sc–0.02Yb (at.%), Acta Materialia, 2011, V. 59, 
Is. 9, pp. 3398–3409. 

30. Formenti, A., Eliasson, A., Mitchell, A., Fredriksson, H., Solidification sequence and carbide pre-
cipitation in Ni-base superalloys IN718, IN625 and IN939, High Temperature Materials and Processes, 
2005, V. 24, Is. 4, pp. 239–258. DOI 10.1515/HTMP.2005.24.4.239. 

31. Nunes, F. C., Dille, J., Delplancke, J.- L., De Almeida, L. H., Yttrium addition to heat-resistant 
cast stainless steel, Scripta Mater., 2006, V. 54, Is. 9, pp. 1553–1556. 

32. Konno, T. J., Miura, E., Tanaka, A., Hanada, Sh. A TEM study on the semicoherent precipitates 
in a Nb-19%Mo alloy, Acta Materialia, 2005, V. 53, Is. 6, pp. 1783–1789. 

33. Billingham, J., Bell, P.S., Lewis, M.H., Vacancy short-range order in substoichiometric transition 
metal carbides and nitrides with the NaCl structure. I. Electron diffraction studies of short-range ordered 
compounds, Acta Crystallographica Section A, 1972, V. A28, No 6, pp. 602–606.  
DOI 10.1107/S0567739472001524. 

34. Landesman, J. P., Christensen, A. N., De Novion, C. H., Lorenzelli, N., Convert, P. Order-
disorder transition and structure of the ordered vacancy compound Nb6C5: powder neutron diffraction 
studies, Journal of Physics C: Solid State Physics, 1985, V. 18, No 4, pp. 809–824. 

35. Kesri, R., Hamar-Thibault, S., Structures ordonnees a longue distance dans les carbures MC 
dans les fonts, Acta Metallurgica, 1988, V. 36, Is. 1, pp. 149–166. 

36. Gusev, A. I., Rempel, A. A. Order-disorder phase transition channel in niobium carbide, Physica 
Status Solidi (A), 1986, V. 93, Is. 1, pp. 71–80. 

37. Steel Castings Handbook. Supplement 9. High Alloy Data Sheets. Heat Series, Ohio: Steel 
Founder’s Society of America, 2004. 

38. Ibanez, R. A. P., De Almeida Soares, G. D., De Almeida, L. H., Le May, I. Effects of Si content 
on the microstructure of modified-HP austenitic steels, Mater. Charact., 1993, V. 30, pp. 243–249. 

39. Caballero, F. G., Imizcoz, P., Lopez, V., Alvarez, L. F., Garcia de Andres, C., Use of titanium and 
zirconium in centrifugally cast heat resistant steel, Materials Science and Technology, 2007, V. 23, Is. 5, 
pp. 528–534. 

40. Brizes, Wm. F., Cadoff, L. H., Tobin, J. M., Carbon diffusion in the carbides of niobium, Journal 
of Nuclear Materials, 1966, V. 20, Is. 1, pp. 57–67. 

41. Talis, A., Kraposhin, V., Finite noncrystallographic groups, 11-vertex triangulated clusters, and 
polymorphic transformations in metals, Acta Cryst. A, (2014), V. 70, pp. 616–625. 

42. Kondratiev, S. Yu, Kraposhin, V. S., Anastasiadi, G. P., Talis, A. L. Experimental observation 
and crystallographic description of M7C3 carbide transformation in Fe–Cr–Ni–C HP type alloy, Acta Mate-
rialia, (2015), V. 100, pp. 275–281. 

43. Kraposhin, V.S., Demina, E.D., Talis, A.L., Zaitsev, A.I., Crystal geometry mechanism of inter-
growth of spinel and manganese sulfide into a complex nonmetallic inclusion, Metal Science and Heat 
Treatment, 2015, V. 57, Is. 7–8, pp. 371–378. 

UDC 669.245.018.44 

DEVELOPMENT OF Ni-BASE SUPERALLOY WITH OPERATION TEMPERATURE UP TO 800°C 
FOR GAS TURBINE DISKS 

M. M. BAKRADZE., PhD (Eng), S. V. OVSEPYAN, PhD (Eng), A. A. BUIAKINA,  
B. S. LOMBERG, Dr. Sc. 

Federal State Unitary Enterprise “All-Russian Scientific Research Institute of Aviation Materials”  
(FSUE VIAM), 17, Radio St, 105005 Moscow, Russian Federation. E-mail: admin@viam.ru 

http://www.crism-prometey.ru/
http://elibrary.ru/author_items.asp?authorid=175642
http://elibrary.ru/author_items.asp?authorid=38297
http://elibrary.ru/author_items.asp?authorid=38295
http://elibrary.ru/author_items.asp?authorid=629658
http://elibrary.ru/author_items.asp?authorid=12421
http://elibrary.ru/author_items.asp?authorid=546396
http://elibrary.ru/author_items.asp?authorid=530723
http://elibrary.ru/contents.asp?issueid=961168
http://elibrary.ru/contents.asp?issueid=961168&selid=16814758
http://dx.doi.org/10.1007/s11015-010-9301-6
http://elibrary.ru/item.asp?id=26899757
http://elibrary.ru/item.asp?id=26899757
http://elibrary.ru/title_about.asp?id=1842
http://elibrary.ru/title_about.asp?id=1842


 

© 2017 NRC “Kurchatov Institute” –  

    CRISM “Prometey” 

    http://www.crism-prometey.ru  

Scientific and Technical Journal 
"Voprosy Materialovedeniya" 

 
 

Received December 5, 2016 

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. 
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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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