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Abstract—X-ray and neutron diffraction are indispensable in the analysis of the integral characteristics of 
the dispersed precipitates in high-strength medium-carbon steels. Advantages and limitations of methods 
application have been compared by studying dispersed phases changes in the qualitative and quantita-
tive composition of steel. Wear-resistant B1700 steel was tested after quenching and tempering in the 
temperature range 150–600°C. Quantity of retained austenite decreased to zero when the tempering 
temperature rises more than 300°C. Cementite becomes noticeable in the diffraction patterns at the same 
temperature range. The results of the study show that neutron instruments can more reliably detect small 
amounts of retained austenite, while X-ray instruments provide better resolution, especially at large scat-
tering angles. 

Keywords: X-Ray and neutron diffraction, carbides, retained austenite, high-strength steel 
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Abstract—The article presents an analysis of the stress-strain state of the nitrided gear design using the 
SolidWorks Simulation and APM WinMachine (FEM) programs. Models, methods and examples of calcu-
lations are given. As a result of nitriding, the surface hardness of the product increases, the safety factor 
increases. The experiment proved that the optimal temperature for the formation of a nitrided layer with a 
hardness of 11,740–12,003 MPa for corrosion-resistant heat-resistant steel grade 12Kh18N9T was 570–
590°C with a nitriding time of 48 hours. It is shown that after nitriding, the steel under study has a homo-
geneous structure with clearly defined transition layers, the average thickness of the nitrided layer is 60–
90 microns. The stress-strain state of the product before and after nitriding, which determines the internal 
stresses and deformation of the wheel tooth, shows that the static characteristics are approximately 
equal. However, a wheel hardened by nitriding has a higher hardness, a greater safety margin and it is 
less prone to deformation under high loads. 

Keywords: strength, corrosion-resistant heat-resistant steel, technology, gear wheel, static, nitriding, 
fatigue, reliability, hardness. 
DOI: 10.22349/1994-6716-2022-109-1-16-25 
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Abstract—In this article, the effect of heat treatment on the phase composition and structural state of 
welded joints of an experimental highly-doped titanium alloy, made by argon-arc and electron-beam weld-
ing, was investigated. As a result of the heat treatment of welded joints at a temperature of 690 ° C, the 
structure of the near-seam zone is stabilized. However, in order to fully restore the plasticity of the welded 
joint with the formation of alpha-phase globules of a simple structure in the structure of the near-seam 
zone, a higher heat treatment temperature is required.  

Keywords: titanium alloys, welded joint, heat treatment, structure, microhardness 
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Abstract—The article presents the results of studies of the mechanical properties of the titanium alloy Ti-
4.25Al-2V, fabricated by direct metal deposition on equipment developed by State Marine Technical Uni-
versity. A comparative analysis of the mechanical properties of the deposited metal in comparison with 
cast and forged metal is carried out. It is shown that the high level of its properties as regards cast metal 
is associated with differences in its structure, in particular, with high dispersion. 

Keywords: additive technologies, direct laser deposition, near-α titanium alloys, structure, mechani-
cal properties 
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Abstract—The work studies residual stresses in the surface layer, roughness of flat surfaces of titanium 
alloy VT41 sample, obtained by milling with end mills, as well as conditions for relieving these stresses by 
means of incomplete annealing. The milling was carried out on a universal vertical milling machine, vary-
ing the conditions of the machining allowance in one pass and the cutters. 

Keywords: titanium alloy, milling, roughness, residual stresses  
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Abstract—The paper studies carbon nanotubes (CNTs) synthesized by chemical vapor deposition (CVD) 
method on Fe-0.7Co/2.1Al2O3, Fe-Co/2.1Al2O3, and Co-Mo/Al2O3-MgO catalysts for supercapacitor elec-
trodes with LiPF6-based electrolyte. It was found that the specific capacitance of 150–200 F/g for elec-
trodes made of a mixture of carbon materials and graphite depends significantly on the conditions of 
creating intergranular contacts between graphite particles and CNTs that form a system of vacancies for 
ion introduction, in which reversible intercalation of PF6

--anions occurs with minimal difficulties. 
Keywords: supercapacitor, carbon nanotubes, cyclic voltammetry, electrolyte, functionalization 
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Abstract—The article presents the results of research on the development of technology for joining 
glass-to-metal using activated soldering with amorphous solders. 

Keywords: amorphous solders, activated soldering, liquid and solid phase energy relaxation, metal-
glass pair, interfacial tension 
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Abstract—This work presents the results of studying a composition based on titanium diboride TiB2. 
Functional gradient coatings with high values of microhardness (28–32 GPa) and corrosion resistance in 
synthetic seawater, alkali (NaOH) and acid (HCl) were obtained using the method of magnetron sputter-
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ing. The obtained functional gradient coatings are recommended for the protection of products of preci-
sion mechanical engineering and instrument making. 

Keywords: titanium diboride, magnetron sputtering, functional gradient coatings, precision engineering 
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Abstract—The results of the study of alloys of the V–Ti–Cr–TiC system for obtaining composite nanos-
tructured coatings using the magnetron sputtering are presented. The studied coating has a high level of 
microhardness and wear resistance. 
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Abstract—The results of comprehensive studies of obtaining functionally graded coatings based on 
HfB2–Si3N4–Zr compositions using the technology of supersonic cold gas-dynamic spraying are pre-
sented. Data are given on the measurement of adhesive strength (up to 62 MPa), microhardness (up to 
42 GPa) and wear resistance (up to 1.2·10–9 mm/km) of the obtained coatings. 
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Abstract—The analysis of the ZhS6K alloy granules appearance, their surface and internal structure, 
as well as the chemical composition by volume and structural elements is carried out. The formation 
control possibility is shown for desired state of interfaces (tracks, crystallization cells, hatch block 
boundaries, grains, phases, discontinuities - pores and cracks) through the fractional composition, 
packing density during filling, scanning speed that provide a more solid and qualitative material state of 
the sample. The initial state of the samples structure was studied. A connection between the structure 
of crystallization cells boundaries, dispersed particles and the fragments structure has been estab-
lished. It is shown that all investigated samples have a different structure at the same power and scan-
ning strategy. The analysis was carried out by optical metallography and scanning (raster) electron mi-
croscopy (SEM) methods. 
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Abstract—The influence of filling on the mechanical properties of polytetrafluoroethylene (PTFE) was 
investigated by molecular dynamic modeling. Molecular models of PTFE and its composite F4K20 were 
built. Energy values of intermolecular interaction were determined, stiffness and flexibility matrices of 
PTFE and F4K20 were obtained. It was shown that energy of intermolecular interaction of F4K20 is ap-
proximately 15 times higher in comparison with energy of intermolecular interaction of PTFE. Calculation 
based on modeling showed that the introduction of the filler leads to a significant increase in the compo-
site shear modulus in comparison with the initial matrix, which may be the reason of wear resistance in-
creasing of polymer composites.  
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Abstract—This paper presents the results of studying samples of glass-carbon plastics based on rein-
forcing fillers subjected to ion-plasma treatment. The influence of the speed of surface treatment on the 
complex of physical and mechanical characteristics of glass-fiber-reinforced plastics is shown. According 
to the results of microstructural studies, it was found that ion-plasma treatment promotes an increase in 
interfacial interaction at the fiber-matrix interface. The effect of ion-plasma treatment of reinforcing fillers 
on the properties of PCM samples in a moisture-saturated state is shown. 

Keywords: ion-plasma treatment, ion-plasma treatment in vacuum, atmospheric ion-plasma treat-
ment, fiberglass, strength characteristics, moisture absorption. 

ACKNOWLEDGEMENTS 
The authors are grateful to S.L. Lonsky, Engineer of the Laboratory for Polymeric Binders, Adhe-

sives and Special Liquids, for conducting microstructural studies. 
DOI: 10.22349/1994-6716-2022-109-1-134-146 

REFERENCES 
1. Kablov, E.N., Startsev, O.V., Panin, S.V., Vlagoperenos v ugleplastike s destruktirovannoy po-

verkhnostiyu [Moisture transfer in CFRP with a destructed surface], Reports of the Academy of Sciences, 
2015, V. 461, No 4, pp. 433–436. 

2. Kablov, E.N., Valueva, M.I., Zelenina, I.V., Khmelnitsky, V.V., Aleksashin, V.M., Ugleplastiki na 
osnove benzoksazinovykh oligomerov – perspektivnye materialy [Carbon plastics based on benzoxazine 
oligomers, promising materials], Trudy VIAM, 2020, No 1 (85), pp. 68–77. URL: http://www. viam-works.ru 
(reference date: 22/11/2021). DOI: 10.18577/2307/-6046-2020-0-1-68-77. 

3. Kablov, E.N., Rol fundamentalnykh issledovaniy pri sozdanii materialov novogo pokoleniya Men-
deleevskogo siezda po obshchey i prikladnoy khimii [The role of fundamental research in the creation of 
new generation materials], Proceedings of 21st Mendeleev Congress on General and Applied Chemistry, 
St Petersburg, 2019, V. 4, p. 24. 

4. Kolpachkov, E.D., Marakhovsky, P.S., Petrova, A.P., Shchur, P.A., Lonsky, S.L. , Chernyaeva, 
I.Yu., Shvedov, A.V., Issledovanie vliyaniya ionno-plazmennoy obrabotki na svoystva poverkhnosti armi-
ruyushchikh napolniteley [Investigation of the effect of ion-plasma treatment on the properties of the sur-
face of reinforcing fillers], Voprosy Materialovedeniya, 2021, No 3 (107), pp. 136–149. 



 

© 2022  
   NRC “Kurchatov Institute” – CRISM “Prometey”  
   http://www.crism-prometey.ru   

Scientific and Technical Journal 
“Voprosy Materialovedeniya” 

 
 

5. Tikhomirov, A.S., Sorokina, N.E., Avdeev, V.V., Modifitsirovanie poverkhnosti uglerodnogo volok-
na rastvorami azotnoy kisloty [Surface modification of carbon fiber with nitric acid solutions], Neorgani-
cheskie materialy, 2011, V. 47, No 6, pp. 684–688. 

6. Li, J., Sun, F.F., The effect of nitric acid oxidization treatment on the interface of carbon fiber-
reinforced thermoplastic polystyrene composite, Polym.-Plast. Technol. and Eng., 2009, V. 48. No 7,  
pp. 711–715. 

7. Vazquez-Santos, M.B., Suarez-Garcia, F., Activated Carbon fibers with a high heteroatom content 
by chemical activation of PBO with phosphoric acid, Langmuir, 2012, No 13, pp. 5850–5860. 

8. Fu, R., Liu, L., Huang, W., Studies on the structure of activated carbon fibers activated by phos-
phoric acid, J. Appl. Polym. Sci., 2003, V. 87, pp. 2253–2261. 

9. Pradhan, B.K., Sandle N.K., Effect of different oxidizing agent treatments on the surface proper-
ties of activated carbons, Carbon, 1999, V. 37, pp. 1323–1332. 

10. Suarez-Garcia, F., Castro-Muniz, A., Tascon, J.M.D., Activated carbon fibers with a high content 
of surface functional groups by phosphoric acid activation of PPTA, Journal of Colloid and Interface 
Science, 2011, V. 361, pp. 307–315. 

11. Jones, C., Effects of electrochemical and plasma treatments on carbon-fibersurfaces, Surface 
and Interface Analysis, 1993, V. 20, pp. 357–367. 

12. Szazdi, L., Gulyas, J., Pukanszky, B., Electrochemical oxidation of carbon fibers: adsorption of 
the electrolyte and its effect on interfacial adhesion, Composites Part A Applied Science and Manufactur-
ing, 2002, V. 33, No 10, pp. 1361–1365. 

13. Beider, E.Ya., Petrova, G.N., Izotova, T.F., Vliyanie appretov na svoystva termoplastichnykh 
stekloplastikov [Influence of finishes on the properties of thermoplastic fiberglass] Trudy VIAM, 2014, No 
9, Art. 07. URL: http://www.viam-works.ru (reference date: 22/11/2021). DOI: 10.18577/2307/-6046-2014-
0-9-7-7. 

14. Beider, E.Ya., Petrova, G.N., Dykun, M.I., Appretirovanie uglerodnykh volokon-napolniteley ter-
moplastichnykh karboplastikov [Finishing of carbon fibers-fillers of thermoplastic carboplasts] Trudy 
VIAM, 2014, No 10, Art. 03. URL: http://www.viam-works.ru (reference date: 22/11/2021).  
DOI: 10.18577/2307/-6046-2014-0-10-3-3. 

15. Petrova, G.N., Beider, E.Ya., Razrabotka i issledovanie appretiruyushchikh sostavov dlya ter-
moplastichnykh ugleplastikov [Development and research of sizing compounds for thermoplastic carbon 
plastics], Trudy VIAM, 2016, No 12, Art. 09. URL: http://www.viam-works.ru (reference date: 22/11/2021). 
DOI: 10.18577/2307/-6046-2016-0-12-9-9. 

16. Nacharkina, A.V., Zelenina, I.V., Valueva, M.I., Voronina, O.G., Vliyanie appretirovaniya ugle-
rodnogo volokna pri poluchenii obyemno-armirovannykh preform na svoystva vysokotemperaturnogo ug-
leplastika [Influence of finishing of carbon fiber during the production of volume-reinforced preforms on 
the properties of high-temperature carbon fiber], Trudy VIAM, 2021, No 1, Art. 06. URL: http://www.viam-
works.ru (reference date: 22/11/2021). DOI: 10.18577/2307-6046-2021-0-1-54-65. 

17. Petrova, G.N., Beider, E.Ya., Razrabotka i issledovanie appretiruyushchikh sostavov dlya ter-
moplastichnykh ugleplastikov [Development and research of sizing compounds for thermoplastic carbon 
plastics], Trudy VIAM, 2016, No 12, Art. 09. URL: http://www.viam-works.ru (reference date: 17/12/2021). 
DOI: 10.18577/2307-6046-2016-0-12-9-9. 

UDC 678.067.5: 536.468 

PROPERTIES OF THE FIBERGLASS BASED ON THE FIRE-RESISTANT POLYESTER RESINS  
OF RUSSIAN BRANDS ARKPOL 40 M AND POLYMER 3088 TA 

V.S. TRYASUNOV, Cand Sc. (Eng), E.L. SHULTSEVA, A.M. BAGANIK, Y.V. POLYAKOVA 

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

Received January 25, 2022 
Revised February 18, 2022 

Accepted February 21, 2022 



 

© 2022  
   NRC “Kurchatov Institute” – CRISM “Prometey”  
   http://www.crism-prometey.ru   

Scientific and Technical Journal 
“Voprosy Materialovedeniya” 

 
 

Abstract—The article presents the results of technological, physico-mechanical and fire tests of the fire-
resistant polyester resins, binders and fiberglasses based on them and manufactured by contact molding. 
The new brands are compared with those used in shipbuilding nowadays.  
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Abstract—The method of mathematical modeling was used to determine the rate of cooling of the heat-
affected zone at performing assembling welded joints of reactor plants for nuclear icebreakers via prelim-
inary surfacing. With the hardening-deformation dilatometer, an imitation effect of thermal cycles was car-
ried out in various sections of the preliminary surfacing metal, made with three types of welding consu-
mables: carbon steel, silicon-manganese steel and nickel-alloyed steel. Investigations of the structure and 
hardness of the samples after the imitation effect of thermal welding cycles have been carried out. It has 
been established that the Sv-06AA carbon steel wire in the entire range of cooling rates provides a ferrite-
pearlite structure of the deposited metal. Manganese silicon steel welding wire Sv-08MnSi in a wide 
range of cooling rates provides the structure of the deposited metal in the form of acicular ferrite, while 
wire alloyed with nickel steel Sv-10MnNi forms acicular and quasi-polygonal ferrite. 

Keywords: modeling of thermal welding cycles, preliminary surfacing, acicular ferrite, pearlite, ther-
mo-kinetic diagram 
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Abstract—Experimental studies have been carried out regarding the effect of annealing temperature on 
the degree of properties recovery of supporting structures materials for WWER-440 reactor vessels (low-
strength ferritic-pearlitic steel and its weld metal) irradiated at low temperatures (50–90°C). Properties 
connected with material embrittlement have been determined on the basis of test results of tensile speci-
mens, impact bending specimens and fracture toughness specimens. Dependence of properties recovery 
coefficient on annealing temperature have been determined. It is shown that for material with high content 
of copper dependence of properties recovery coefficient on annealing temperature may be nonmonotonic. 

Keywords: WWER-440 reactor vessels, supporting structures, annealing temperature, ferritic-
pearlitic steel, low-temperature irradiation, radiation embrittlement, mechanic properties 
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Abstract—The results of studying the influence of annealing temperature on the restoration degree of the 
materials properties of WWER-440 reactor vessels supporting structures (low-strength ferritic-pearlitic 
steel and its weld metal) irradiated at low temperatures (50–90°C) are analyzed. The main processes that 
occur during the annealing of the supporting structures materials after low-temperature irradiation and 
lead to an ambiguous effect of the annealing temperature on the recovery degree of the properties of 
supporting structures materials are revealed. The influence of impurities (phosphorus and copper) on the 
embrittlement of the material during irradiation and on the recovery of its properties after annealing is 
considered. 

Keywords: WWER-440 reactor vessels, supporting structures, annealing temperature, ferritic-
pearlitic steel, low-temperature irradiation, radiation embrittlement, mechanic properties 
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Abstract—The penetration of atomic hydrogen into the cladding material of fuel elements of WWER-
1000 reactors due to interaction with the coolant during operation can subsequently significantly reduce 
their plasticity characteristics with a decrease in temperature during long-term dry storage of spent nuc-
lear fuel (SNF) due to the formation of brittle hydrides. The morphology of hydrides influenced by the hy-
drogen content, storage temperature and circumferential stresses plays a decisive role in the embrittle-
ment of the fuel cladding material. Associated radial hydrides are of particular danger; they constitute the 
most favorable path for crack propagation. 

In the present work, thermomechanical tests of irradiated fuel claddings samples made of the E110 
alloy were carried out, simulating normal and emergency conditions of long-term dry storage. It was 
shown that under the conditions considered, the formation of a significant amount of radially oriented hy-
drides was observed, leading to degradation of mechanical properties (embrittlement) fuel cladding. 

Keywords: WWER-1000, fuel element claddings, zirconium alloys, zirconium hydrides, mechanical 
properties, dry storage 
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