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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 

A.V. ANISIMOV, Dr. Sci. (Eng.), V.E. BAKHAREVA, Dr. Sci., I.V. NIKITINA, Cand. Sci. (Chem.), 

A.S. SAVELOV, Cand. Sci. (Eng.) 

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

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. 
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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. 

DOI: 10.22349/1994-6716-2017-91-3-121-126 

REFERENCES 

1. Sergeeva, E.A., Bukina, Yu.A., Ibatullina, A.R., Vliyanie plazmennoy obrabotki na fiziko-
mekhanicheskie svoistva volokon iz sverkhvysokomolekulyarnogo polietilena [Influence of plasma treat-
ment at physical and mechanical properties of ultrahigh molecular polyethylene], Vestnik Kazanskogo 
tehnologicheskogo universiteta, 2012, No 17, Vol. 15, pp. 116–119. 

2. Panin, S.V., Kornienko, L.A., Puvadin, T.T. et al., Modifikatsiya sverkhmolekulyarnogo polietilena 
metodami vysokoenergiticheskoy obrabotki poverhnosti [Modification of ultrahigh molecular polyethylene 
by high-energy surface treatment], Perspektivnye materialy, 2011, No 3, pp. 376–383. 

3. Selyutin, V.G., Gavrilov, Yu.Yu., Voskresenskaya, E.N. et al., Kompozitsionnye materialy na os-
nove sverhvysokomolekulyarnogo polietilena: svoistva, perspektivy ispolzovaniya [Composite materials 
based on ultrahigh molecular polyethylene: properties, prospects for using], Khimiya v interesakh 
ustoichivogo razvitiya, 2010, No 18, pp. 375–388. 

4. Ohlopkova, A.A., Petrova, P.N., Gogoleva, O.V., Iznosostoikie kompozitsionnye materialy na os-
nove sverhvysokomolekulyarnogo polietilena dlya ekspluatatsii v ekstremalnyh usloviyah [Wear-resistant 

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


 

© 2017 NRC “Kurchatov Institute” –  

    CRISM “Prometey” 

    http://www.crism-prometey.ru  

Scientific and Technical Journal 
"Voprosy Materialovedeniya" 

 
 

composite materials based on ultrahigh molecular polyethylene for using in extreme situation], Materi-
alovedenie, 2011, No 9, pp. 10–13. 

5. Ohlopkova, A.A., Nikiforov, L.A., Gogoleva, O.V., Boisova, R.V., Modifikatsiya sverkhvysoko-
molekulyarnogo polietilena sloistymi glinami [Modification of ultrahigh molecular polyethylene by layered 
clays], Materialovedenie, 2014, No 1, pp. 45–49. 

6. Sleptsova, S.A., Kirillina, Yu.V., Lazareva, N.N., Makarov, M.M., Razrabotka i issledovanie po-
limernyh kompozitov na osnove politetraftoretilena i sloistyh silikatov [Development and research of pol-
ymeric composites based on polytetrafluorethylne and layered silicates], Vestnik SVFU, 2015, No 6 (50), 
pp. 95–104. 

7. Myshkin, N.K., Petrokovets, M.I., Tribologiya. Principy i polozheniya [Tribology. Principles and 
regulations], Gomel: IMMS NANB, 2002, p. 310.  

8. Krasnov, A.P., Gribova, I.A., Chumaevskaya, A.N., Himicheskoe stroenie polimerov i tribohimich-
eskie prevrashcheniya v polimerah i napolnennyh sistemah [Chemical structure of polymers and tri-
bochemical transfomations in polymers and filled systems], Trenie i iznos, 1997, Vol. 18, No 2, pp. 258–
279. 

9. Senatov, F.S., Senatova, S.I., Gorshenkov, M.V.,Cherdyntsev, V.V., Struktura plenok SVMPE 
posle oblucheniya uskorennymi tyazhelymi ionami [SVMPE membrane structure after irradiation with ac-
celerated heavy ions], Sovremennye problemy nauki i obrazovaniya, 2013, No 5, 
URL: https://www.science-education.ru/ru/article/view?id=10046. 

10. Krasnov, A.L., Tokareva, N.V., Popov, V.K., Houdl, S., Moley, K., Afonicheva, O.V., Rol tribo-
himicheskih protsessov pri trenii sverhvysokomolekulyarnogo polietilena, modifitsirovannogo serebroor-
ganicheskim soedineniem [The role of tribochemical processes in friction of ultrahigh molecular polyeth-
ylene modified with organochlorine compound], Trenie i iznos, 2002, Vol. 23, No 1, pp. 72–76. 

11. Panin, S.V., Kornienko, L.A., Nguen Suan, T., Ivanova, L.R., Poltaranin, M. A., Shilko, S.V., Wear 
Resistance of Composites Based on Ultrahigh Molecular Weight Polyethylene Filled with Graphite and Mo-
lybdenum Disulfide Microparticles, Journal of Friction and Wear, 2014, Vol. 35, No 4, pp. 290–296. 

UDC 678.7.046 

POLYMER/POLYMER BLENDS BASED ON NITRILE-BUTADIENE RUBBER  
AND NOVOLAC RESIN 

V. N. KORNOPOLTSEV, Cand Sc. (Eng), D. M. MOGNONOV, Dr Sc (Chem),  

O. Zh. AYUROVA, Cand Sc. (Eng) 

Baikal Institute of Nature Management SO RAN, 6 Sahyanovoi St., Ulan-Ude, 670047,  
Republic of Buriatiya, Russian Federation. E-mail: info@binm.bscnet.ru 

Received April 28, 2017 

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. 

Keywords: carbon thread, fabric, structure, mechanic-analytical model, parameters of structure. 

DOI: 10.22349/1994-6716-2017-91-3-157-167 

http://www.crism-prometey.ru/
mailto:primbm@mail.ru


 

© 2017 NRC “Kurchatov Institute” –  

    CRISM “Prometey” 

    http://www.crism-prometey.ru  

Scientific and Technical Journal 
"Voprosy Materialovedeniya" 

 
 

REFERENCES 

1. Primachenko, B.M., Strokin, K.O. Teoreticheskie i eksperimentalnye issledovaniya 

kompozitsionnykh materialov, armirovannykh uglerodnymi tkanyami. Chast 1. Issledovaniya oblasti kon-

takta uglerodnykh nitey v tkanoy strukture [Theoretical and experimental studies of composite materials 

reinforced by carbon fabrics. Part 1. Research of carbon threads contact area in the woven structure], 

Voprosy Materialovedeniya, 2015, No 4, pp. 109–116. 

2. Timoshenko, S.P., Soprotivlenie materialov [Strength of materials], Moscow: Fizmatgis, 1965, 

Vol. 1. 

3. Rabotnov, Yu.N., Mekhanika deformiruyemogo tviordogo tela [Mechanics of a deformable solid 

body], Moscow: Nauka, 1988. 

4. Primachenko, B.M., Issledovanie nelineynosti differentsialnogo uravneniya izgiba uchastka 

tekstilnoy niti [Research of the differential equation non-linearity for bending of textile thread section], Vest-

nik of SPbGUTD (St Petersburg State University of Technologies and Design), 2005, No 11, pp. 10–14. 

5. Primachenko, B.M., Teoreticheskoe issledovanie protsessa priboya utochnoy niti na tkatskom 

stanke [Theoretical research of the weft beating up process on the loom], Vestnik of SPbGUTD (St Pe-

tersburg State University of Technologies and Design), 2006, No 12, pp. 56–64. 

6. Kukin, G.N., Soloviev, A.N., Kobliakov, A.I., Tekstilnoe materialovedenie (tekstilnye polotna i 

izdeliya) [Science of textile materials (Textile clothes and products)], Moscow: Legprombytisdat, 1992. 

UDC 621.039.531:669.15–194.56:539.4 

CONSTRUCTION OF CALCULATED CURVES OF THE LONG-TERM STRENGTH FOR NEUTRON-

IRRADIATED AUSTENITIC STEELS Kh18N9 AND 08Kh16N11M3  

A.G. GULENKO, Cand Sc (Eng), B.Z. MARGOLIN, Dr Sc (Eng), A.A. BUCHATSKY, Cand Sc (Eng), 

A.A. NUZHDOV 

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

JSC SSC RIAR (Research Institute of Atomic Reactors), 9 Zapadnoe Shosse, 433510 Dimitrovgrad, Ul-

yanovsk Region, Russian Federation. E-mail: niiar@niiar.ru 

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-

tlement mechanisms, synergetic action of helium and thermal aging, radiation embrittlement. 

DOI: 10.22349/1994-6716-2017-91-3-182-197 

REFERENCES 

1. Barnes, R.S., Embrittlement of stainless steels nickel based alloys at high temperature induced 

by neutron radiation, Nature, 1965, V. 206, p. 1307. 

2. Ward, A.L., Holmes, J.J., Ductility Loss in Fast Reactor irradiated stainless steel, Nuclear Applica-

tions @ Technology, 1970, V. 9. 

3. Claudson, T.T., Barker, R.W., The effects of fast flux irradiation on the mechanical properties and 

dimensional stability of stainless steel, Nuclear Applications @ Technology, 1970, V. 9, pp. 10–23. 

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


 

© 2017 NRC “Kurchatov Institute” –  

    CRISM “Prometey” 

    http://www.crism-prometey.ru  

Scientific and Technical Journal 
"Voprosy Materialovedeniya" 

 
 

4. Votinov, S.N., Prokhorov, V.I., Balashov, V.D. et al. Rol oblucheniya v vysokotemperaturnoy 

khrupkosti stali [The role of irradiation in the high-temperature brittleness of steel], Radiatsionnaya fizika 

tverdogo tela i reaktornoye materialovedenie, Moscow: Atomizdat, 1970, pp. 82–84. 

5. Fish, R.L., Hunter, C.W. Tensile Properties of Fast Reactor Irradiated Type 304 Stainless Steel, 

ASTM STP, 1976, V. 611, pp.119–138. 

6. Zelensky, V.F., Kiriukhin, N.M., Nekliudov, I.M., et al. Vysokotemperaturnoe radiatsionnoe 

okhrupchivanie materialov [High-temperature radiation embrittlement of materials]: Analytical review, 

Kharkov, 1983. 

7. Votinov, S.N., Prokhorov, V.I., Ostrovsky, Z.E., Obluchennye nerzhaveyuschie stali [Irradiated 

stainless steels], Moscow: Nauka, 1987. 

8. Tavassoli, A.A., Picker, C., Wareign, J., Data collection on the effect of irradiation on the mechan-

ical properties of austenitic stainless steels and weld metals, ASTM STP, 1996, V. 1270, pp. 995–1010. 

9. Voevodin, V.N., Nekliudov, I.M., Evoliutsiya strukturno-fazovogo sostoyaniya i radiatsionnaya 

stoykost konstruktsionnykh materialov [Evolution of the structural-phase state and radiation resistance of 

structural materials], Kiev: Naukova Dumka, 2006. 

10. Hugon, M., Update on EURATOM R&D activities in nuclear fission and radiation protection, 

PERFORM60 Final Workshop, Les Renardieres, 2013, December 10–12. 

11. Kursevich, I.P., Margolin, B.Z., Prokoshev, O.Yu., et al., Vliyanie dolgovremennogo vozdeystviya 

na mekhanicheskiye svoystva i konstruktsii austenitnoy stali Kh18N9 i metalla svarnykh shvov, Voprosy 

Materialovedeniya, 2012, No 3, pp. 109–125. 

12. Margolin, B.Z., Gulenko, A.G., Buchatsky, A.A., Nesterova, Ye.V., Kashtanov, A.D., Issledovanie 

vliyaniya termicheskogo stareniya na dlitelnuyu prochnost i plastichnost stali Kh18N9 [Investigation of the 

influence of thermal aging on the long-term strength and ductility of steel Kh18N9], Voprosy Materi-

alovedeniya, No 4 (64), 2010, pp. 118–127. 

13. Fedorova, V.A., Margolin, B.Z., Kashtanov, A.D., Pozdniakov, M.L., Issledovanie vliyaniya 

termicheskogo stareniya na skorost rosta ustalostnoy treshchiny v stali 10Kh18N9 i metalle svarnogo 

soedineniya [Investigation of the effect of thermal aging on the growth rate of a fatigue crack in 10Х18Н9 

steel and weld metal], Voprosy Materialovedeniya, 2012, No 3 (71), pp. 126–135. 

14. Neustroev, V.S., Belozerov, S.V., Makarov, E.I., et al., Issledovanie shtangi ispolnitelnogo mek-

hanizma SUZ AR2 posle dlitelnoy ekspluatatsii v reaktore BOR-60 [Research of the boom of the actuator 

of the AR2 ACS after long-term operation in the BOR-60 reactor], NIIAR Proceedings, 2014, рр. 647–

664. 

15. Kursevich, I.P., Prokoshev, O.Yu., Potapova V.A., Otsenka ekspluatatsionnoy povrezhdaye-

mosti metalla vnutrikorpusnogo oborudovaniya reaktora BN-600 [Estimation of operational damageability 

of metal inside the BN-600 reactor equipment], Radiatsionnoye materialovedeniye i konstruktsionnaya 

prochnost reaktornykh materialov, Gorynin, I.V., (Ed.), St Petersburg: TsNII KM “Prometey”, 2002, pp. 

212–221. 

16. Makklintok, F., Argon, A., Deformatsiya i razrushenie materialov [Deformation and destruction of 

materials], Moscow: Mir, 1970. 

17. Karzov, G.P., Margolin, B.Z., Shvetsova, V.A., Fiziko-mekhanicheskoe modelirovanie 

protsessov razrusheniya [Physico-mechanical modeling of fracture processes], St Petersburg: Politekhni-

ka, 1993. 

18. Engel L., Klingele G. Rastrovaya elektronnaya mikroskopiya. Razrusheniye. Spravochnik [Ras-

ter electron microscopy. Destruction. Directory], Moscow: Metallurgiya, 1986. 

19. Malford, R.A., Zernogranichnoe okhrupchivanie nikelya i ego splavov, Okhrupchivanie kon-

struktsionnykh staley i splavov, Brayent, K.L., Bengerdi, S.K. (Eds.), Moscow: Metallurgiya, 1988, pp. 13–

29. 

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


 

© 2017 NRC “Kurchatov Institute” –  

    CRISM “Prometey” 

    http://www.crism-prometey.ru  

Scientific and Technical Journal 
"Voprosy Materialovedeniya" 

 
 

20. Zaluzhny, A.G., Sokursky, Yu.N., Tebus, V.N., Geliy v reaktornykh materialakh [Helium in reac-

tor materials], Moscow: Energoatomizdat, 1988. 

21. Nekliudov, I.M., Morozov, A.N., Zhurba, V.I., Kulish, V.G., Galitsky, A.G., Uderzhanie izotopov 

vodoroda v stali Kh18N10T, implantirovannoy ionami geliya [Retention of hydrogen isotopes in steel 

Х18Н10Т, implanted with helium ions], Voprosy atomnoy nauki i tekhniki. Series: Termoyadernyy sintez, 

2008, Issue 2, pp. 41–46. 

22. Denisov, E.A., Kurdiumov, A.A., Kompaniets, T.N., et al., Vodorod i radiogenny geliy v stali 

12Kh18N10T [Hydrogen and radiogenic helium in 12Х18Н10Т steel], Voprosy atomnoy nauki i tekhniki. 

Series: Termoyadernyy sintez, 2008, Issue 2, pp. 56–66. 

23. Holmes, J.J., Robbins, R.E., Brimhall, J.L., Effect of fast reactor irradiation on the tensile proper-

ties of 304 stainless steel, J. of Nuclear Materials, (1969), V. 32, pp. 330–339. 

24. Horak, J.A., Sikka, V.K., Raske, D.T., Review of effects of long-term aging on the mechanical 

properties and microstructures of types 304 and 316 stainless steel, International conference on nuclear 

power plant aging, variability factor and reliability analysis, San Diego, Ca (USA), 1983, 7–12 July, pp. 

301–313. 

25. Gusev, M. N., Maksimkin, O. P., Garner, F. A., Peculiarities of plastic flow involving “defor-

mation waves” observed during low-temperature tensile tests of highly irradiated 12Cr18Ni10Ti and 

08Cr16Ni11Mo3 steels, J. Nucl. Mater., (2010), V. 403, pp. 121–125. 

26. Gusev M. N., Field K. G., Busby J. T. Strain-induced phase transformation at the surface of an 

AISI-304 stainless steel irradiated to 4.4 dpa and deformed to 0.8% strain, J. Nucl. Mater., (2014), V. 446, 

pp. 187–192. 

UDC 621.039.536.2:621.791.92:539.422.22 

IMPROVEMENT OF THE APPROACH TO PREDICT THE FRACTURE TOUGHNESS OF IRRA-
DIATED ANTICORROSIVE CLADDING FOR WWER-TYPE REACTORS 

A. J. MINKIN, A. M. MOROZOV, Cand Sc. (Eng), V. I. SMIRNOV, Cand Sc. (Eng) 

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

Received August 10, 2017 

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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