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Abstract—The article presents an analysis of the metallurgical techniques that provide high quality elec-
trodes for manual arc welding of low-carbon low-alloyed cold-resistant steels. It is shown that it is possible 
to improve technological and operational properties of welded joints at very low climatic temperatures up 
to –70°C implementing micro-alloying of the weld metal with nitrogen, titanium, cerium oxide and diamond 
nanopowder produced by detonation synthesis. The composition introduced into the electrode coating 
modifier mixture is identified. The cumulative effect of its components on the weld impact strength under 
temperature testing within the range from –20 up to –70°C was established. The matrix of the weld metal 
is composed mainly of disperse acicular ferrite, hardened by nanoparticles allegedly nitrides and carboni-
trides of titanium and aluminum. It is shown that the centers for the crystallization of acicular ferrite are 
micro-sized non-metallic inclusions formed on ultrafine titanium nitrides. It was revealed that the tough-
ness of the weld metal at low climatic temperatures is higher than toughness of joints welded by massive-
ly imported Japanese KOBELCO electrodes LB-52U. The results of the study make it possible to increase 
the cold resistance of welded structures for petrochemical plants and other facilities located in the Ex-
treme North of the Russian Federation.  

Part 2 of the article will be devoted to the study of the welding and technological properties of coated 
electrodes. 

Key words: coated electrode, modifying mixture, welds, microalloying, acicular ferrite, toughness, 
cold resistance. 
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Abstract—The paper reveals regularities and mechanisms of structure-phase states and properties 
formation of of differentially hardened 100-m rails of DT 350 category after the passed tonnage of 1411 
mln. tons brutto. The formation of highly defective surface layer with nanosize (40–50 nm) grain-subgrain 
structure of pearlite colonies and submicrocrystal (150–250 nm) structure grains with structure free ferrite 
is detected. The change of hardness, microhardness, crystal lattice parameter, microdistorsion level, sca-
lar and excess dislocation density on the rails head section are analyzed. The possible mechanisms of 
cementite plates’ transformation at extremely long-term operation are discussed. 

Keywords: properties, phase composition, rails, submicro/nanocrystal structure, long-term operation. 
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Abstract—The paper presents an analysis of the mechanical behavior of friction samples of welded joints 
from steels 30G2 (36 Mn 5) and 40 KhN (40Ni Cr 6), made by rotary friction welding (RFW). The influ-
ence of various temperature conditions of postweld tempering on the mechanical properties and defor-
mation behavior during uniaxial tensile testing is analyzed. Vulnerabilities where crack nucleation and 
propagation occurred in specimens with a welded joint were identified. It was found that with this combi-
nation of steels, postweld tempering of the welded joint contributes to a decrease in the integral strength 
characteristics under conditions of static tension along with a significant decrease in the relative longitudi-
nal deformation of the tested samples. 

Keywords: rotary friction welding (RFW), thermomechanical affected zone (TMAZ), medium carbon 
steels, uniaxial tension, tensile strength, deformation 
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Abstract—To predict the durability of casting molds made of SCh20 cast iron under thermal fatigue dur-
ing its filling by liquid metal the thermocyclic strength of the casting molds metal (grade SCh20 gray cast 
iron, analog of A48-30B AISI cast iron) was investigated. The specimens were tested by cyclic heating in 
the furnace to maximum temperatures from 700°С to 1000°C with following cooling in air and water. The 
Coffin equation and the dependence of crack growth rate in specimens are obtained on the basis of 
metallographic measurements of crack length in specimens and strain ranges FEM calculations. The in-
vestigations results allow one to predict the durability of casting molds made of SCh20 cast iron under 
thermal fatigue during its filling by liquid metal. 

Keywords: casting mold, grade SCh20 cast iron, thermocyclic strength, durability, phase transfor-
mations. 
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Abstract—The paper studies heat resistance properties of 45Cr32Ni43SiNb alloy developed at the 
CRISM “Prometey” for reformer systems of high-temperature ethylene production plants. The macrocrys-
talline structure is analyzed and quantitative phase data for metal of centrifugally cast tubes is collected. It 
is shown that the alloy under investigation is characterized by structural stability, long-term durability, and 
high-temperature creep resistance up to 1000–1100°С. 

Keywords: heat-resistant alloy, long-term durability, macrocrystalline structure, centrifugally cast 
pipes, carbides. 
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Abstract—The article presents an analysis of the influence of the alloying elements ratio in the Ni-Al-Cr-
W-Mo-Ta system on the resistance of the deposited metal against thermal fatigue. The combined effect of 
alloying elements on the crack resistance of weld metal under cyclic temperature changes in the range of 
20–1150°C is established. It is shown that in the alloying system, the sensitivity of a metal to the for-
mation of thermal fatigue cracks mainly depends on the number of refractory elements that cause the 
formation of topologically close-packed (TCP) phases. The content in the deposited metal of 3.5 wt.% 
tungsten, 3.0 wt.% molybdenum, 2.5 wt.% tantalum does not cause the appearance of fatigue cracks. 
The developed deposited metal provides high level of thermal and oxidation wear resistance compared to 
highly doped nickel and cobalt industrial alloys. 

Keywords: deposited metal, thermal cycling, refractory alloying elements, topologically close-

packed (TCP) phases, thermal fatigue cracks, thermal stability, oxidative wear. 
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Abstract—The paper presents experimental data on the study of the friction parameters of hard alloys in 
sliding friction units, including the heating temperature, surface roughness, wear and friction coefficient, 
depending on the duration of the test and the friction path. 
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Abstract—This study developed practical recommendations for using the method of cold gas dynamic 
spraying to obtain functional coatings in a production environment using powders of nickel, titanium and 
aluminum of the grades: PNE-1 (Ni), PTOM-1 (Ti) and PA-VCh (Al). The temperature and speed parame-
ters of the process were optimized using mechanical mixtures (Ni + Ti) and (Ni + Al) as an example. High 
adhesion of the coating and coefficient of powder use were ensured with maximum productivity at the 
DIMET-403 installation. 

Keyword: powders, protective coatings, laser treatment, “precursor”, gas thermal spraying, super-
sonic cold gas dynamic spraying. 
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Abstract—This paper presents results of a study of complex processes for producing composite powder 
materials from tungsten carbide and metallic chromium. Technological methods for the formation of func-
tionally gradient coatings with high microhardness up to 426 HV through microplasma spraying technolo-
gy are disclosed. 

Keywords: plasma chemical synthesis, spray drying method, granulation method using a binder ma-
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DOI: 10.22349/1994-6716-2020-102-2-117-124 

REFERENCES 

1. Beloglazov, I.N., Syrkov, A.G., Khimiko-fizicheskie osnovy i metody polucheniya poverkhnostno-
strukturirovannykh metallov [Chemical-physical bases and methods for producing surface-structured 

metals], St Petersburg: SPbGU (Mining University), 2011. 

2. Zhabrev, V.A., Kalinnikov, V.T., Margolin, V.I., Nikolaev, A.I., Tupik, V.A., Fiziko-khimicheskie 
protsessy sinteza nanorazmernykh obektov [Physicochemical processes for the synthesis of nanoscale 

objects], St Petersburg: Elmor, 2012. 

3. Suzdalev, I.P., Nanotekhnologiya: fiziko-khimiya nanoklasterov, nanostruktur i nanomaterialov 
[Nanotechnology: physical chemistry of nanoclusters, nanostructures and nanomaterials], St Petersburg: 
LIBROKOM, 2008.  

4. Sholkin, S.E., Yurkov, M.A., Sozdanie upravlyaemoy nanostruktury v pokrytii, poluchennom 
metodami gazotermicheskogo napyleniya [Creating a controlled nanostructure in a coating obtained by 
thermal spraying], Voprosy Materialovedeniya, 2010, No 2 (62), pp. 68–74. 

5. Gang, J., Marnilori, J., Grosdidier, T., Nanostructures in thermal spray coatings, Scripta Materials, 

2003, V. 48, pp. 1599–1604. 

6. Margolin, V.I., Potapov, A.A., Farmakovsky, B.V., Kuznetsov, P.A., Razvitie nanotekhnologiy na 
osnove nanokompozitov [The development of nanotechnology based on nanocomposites], St Petersburg: 

LETI, 2016. 

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


 

© 2020  
   NRC “Kurchatov Institute” – CRISM “Prometey”  

   http://www.crism-prometey.ru   

Scientific and Technical Journal 
“Voprosy Materialovedeniya” 

 

 

7. Bobkova, T.I., Deev, A.A., Bystrov, R.Yu., Farmakovsky, B.V., Nanesenie iznosostoykikh pokrytiy 
s reguliruyemoy tverdostyu s pomoshchyu sverkhzvukovogo kholodnogo gazodinamicheskogo napyleni-
ya [Deposition of wear-resistant coatings with adjustable hardness using supersonic cold gas-dynamic 
spraying], Metalloobrabotka, 2012, No 5–6 (71–72), pp. 45–49. 

8. Gerashchenkova, E.Yu., Samodelkin, E.A., Kuznetsov, P.A., Pervukhina, M.S., Yakovleva, N.V., 
Issledovanie mekhanizma sverkhskorostnoy universalnoy dezintegratorno-aktivatornoy obrabotki dlya 
polucheniya magnitomyagkikh poroshkovykh materialov na osnove amorfnoy lenty splava sistemy Fe–
Cu–Nb–Si–B [Investigation of the mechanism of ultra-high-speed universal disintegrator-activator treat-
ment for obtaining soft magnetic powder materials based on an amorphous alloy strip of the Fe–Cu–Nb–
Si–B system], Voprosy Materialovedeniya, 2013, No 1 (73), pp. 102–112. 

9. Gorynin, I.V., Oryshchenko, A.S., Farmakovsky, B.V., Kuznetsov, P.A., Perspektivnye issledo-
vaniya i razrabotki nauchnogo nanotekhnologicheskogo tsentra FGUP TSNII KM Prometey v oblasti na-
nomaterialov [Promising research and development of the scientific nanotechnology center of FSUE Cen-
tral Research Institute of SM Prometey in the field of nanomaterials], Voprosy Materialovedeniya, 2014, 

No 2(78), pp. 118–126. 

10. Bobkova, T.I., Razrabotka materialov i tekhnologii polucheniya iznosostoykikh gradientnykh 
pokrytiy na baze nanostrukturirovannykh kompozitsionnykh poroshkov [Development of materials and 
technology for the production of wear-resistant gradient coatings based on nanostructured composite 
powders], Abstract of the Cand. Sc. (Eng) Dissertation, St Petersburg, 2017. 

UDC 621.762.2:621.318.12:537.622 

STRUCTURE AND MAGNETIC PROPERTIES OF THE MATERIAL OF THE Fe–Cr–Co SYSTEM 
PRODUCED BY THE SELECTIVE LASER MELTING 

B.K. BARAKHTIN
1
, Cand Sc. (Phys-Math), A.S. ZHUKOV

1
, Cand Sc. (Eng), A.V. KAMYNIN

2
,  

I.S. GAVRIKOV
2
, D.M. ANISIMOV

1
, D.S. SOZINOV

1
, M.L. FEDOSEEV

1 

1
NRC “Kurchatov Institute” – CRISM “Prometey”, 49 Shpalernaya St, 191015 St Petersburg,  

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

2
JSC“Spetsmagnit”, 58 Dmitrovskoe shosse, 127238 Moscow, Russian Federation 

Received March 17, 2020 
Revised May 14, 2020 

Accepted June 22, 2020 

Abstract—In this work, we studied the structure of the magnetically hard material of the Fe–Cr–Co sys-
tem manufactured at the Russian SLMFACTORY system by selective laser melting from spherical pow-
der, particles’ size less than 80 μm. The powder was obtained by melt atomization. To study the structure, 
magnetic and mechanical parameters, samples were made at various scanning speeds and laser power. 
By constructing a hysteresis loop, data are obtained that indicate a higher level of magnetic characteris-
tics (Br, Bd, Hd, Hcb, Hcm, and BHmax) of the metal of the samples obtained by selective laser melting than 
similar samples obtained by foundry technology. 

Keywords: selective laser melting, metal powders, structure, magnetic properties. 
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Abstract—The article presents results of the fatigue strength study of a metal matrix composites based 
on an aluminum alloy of the 7075-T1 grade, containing 20 vol.% silicon carbide obtained by powder tech-
nology using mechanical alloying followed by hot pressing. The high-cycle fatigue (HCF) study was car-
ried out at five levels of stress amplitude at room temperature and at four levels of stress amplitude at 
high temperature (100°C). Smooth samples of corset type with a circular cross section were manufac-
tured in accordance with the requirements of GOST 25.502–79. Synthesized samples went through the 
heat treatment stage characteristic of the matrix aluminum alloy 7075. Spherical particles within the range 
from 5 to 70 μm served as the raw material for the initial matrix of the composite material, and the raw 
material for the reinforcing component were silicon carbide powder particles, which after a long mechani-
cal alloying with matrix particles take the form of granules from 400 to 600 microns. 

The study of fatigue characteristics led to the conclusion that the introduction of a 20% reinforcing 
phase into the 7075-T1 matrix alloy based on silicon carbide particles made it possible to achieve a 1.3 
times increase in endurance limits based on 2·10

7
 cycles. An increase in the test temperature (100°C) 

leads to a decrease of 8% in the endurance limit. The change in the values of progressive deformation 
and resonance frequency during testing at room and high temperatures (100°C) is considered. At room 
temperature, it was found that with increasing durability, progressive deformation accumulates. At high 
temperature (100°C), it was found that with a decrease in durability, resonance frequency decreases 
more pronouncedly at each stress level. 

Keywords: metal matrix composite, dispersion-reinforced composites, aluminum alloy, mechanical 
characteristics, endurance limit.  
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This work was carried out as part of the implementation of a comprehensive scientific problem 
2.2. Qualification and research of materials (“Strategic directions for the development of materials and 
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Abstract—The composition, physical-mechanical and structural features of polyamide-6 modified at the 
stage of synthesis by basalt fillers are investigated. The influence of the introduced fillers on the structural 
features, deformation-strength, technological and physic-chemical properties of the synthesized polymer 
is established. The positive effect of heat treatment of fillers on their adhesion interaction with the polymer 
matrix in the synthesis of the composite is revealed. It is shown that with the introduction of a fibrous filler 
of more than 7.5 wt%, there is a tendency to increase the physical and mechanical characteristics of the 
synthesized polymer. The behavior of the synthesized composite under high temperature conditions was 
evaluated by thermo-gravimetric analysis, which showed that the thermal treatment of basalt fiber can 
significantly increase the activation energy of destruction, which confirms the effectiveness of the thermal 
modification of the basalt thread. With the help of infrared spectroscopy, it is shown that the synthesized 
polymer is fully identified with the spectral pattern characteristic of polyamide-6. 

Keywords: Polyamide-6, basalt fillers, polymerization combination of components, structural fea-
tures, technological properties, physical and mechanical characteristics. 
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Abstract—The subject of the study was rubber based on partially and fully hydrogenated butadiene-
nitrile rubbers (HNBR) Therban АТ 5065 VP and Therban АТ 5005 VP, taken in the ratios 100:0, 80:20, 
70:30, 60:40, 50:50 accordingly. The purpose of the study was to evaluate the technical resource of RKO 
operation by predicting changes in properties of rubbers during thermal aging in air and in М-14В2 engine 
oil at elevated temperatures in accordance with State Standards and methods developed at FRPC “Pro-
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gress”. Aggressive environment and high temperatures thermal aging of elastomers based on HBNR are 
described. The performance of rubbers was evaluated by predicting changes of relative elongation near 
to end of service life product to State Standards and “Progress” recommendations. It is found that elas-
tomer with 50:50 HNBR Therban АТ 5065 VP and Therban АТ 5005 VP content proved itself as most 
thermally stable and has the longest service life possible. 

Keywords: hydrogenated butadiene-nitrile rubbers, aggressive environment, thermal aging, predic-
tion, service life. 
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Abstract—This work presents tests’ results on the corrosion and erosion resistance of nitrogen-
containing steel 04Kh20N6G11M2AFB in comparison with steel 08Kh18N10T, AB2-2 and VT1-0 titanium 
alloy. It is difficult to determine steel wear resistance against ice with abrasive (20%) due to the rapid 
melting of ice. It has been shown that the most effective methodology for assessing the corrosion-erosion 
resistance to simultaneous impact of abrasive and a 3.5% solution of NaCl to the metallic surface con-
sists in the determination of the repassivation rate of the oxide film. It was found that the electrochemical 
potential of 04Kh20N6G11M2AFB stainless steel recovers 1.5 times faster than that of 08Kh18N10T 
steel, so it is very promising to use nitrogen-containing steel for the manufacture of the ice belt of ice-
breakers as a cladding layer of bimetallic alloy. 
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Abstract—The paper proposes methods for assessing the strength of grain boundaries according to 
the results of testing miniature samples by impact bending. Results of bending at low temperature are 
given to assess the strength of grain boundaries in austenitic chromium-nickel steels. The test tempera-
ture was determined when the proportion of brittle intergranular fracture of embrittled chromium-nickel 
steel 10Kh18N9 is at least 90%. Three types of miniature specimens of different geometric shapes have 
been developed, providing approximately the same absorbed energy when tested for impact bending. It is 
shown when it is necessary to use such miniature samples. 

Keywords: austenitic steel, grain boundary strength, impact bending tests, miniature specimens, 

brittle intergranular fracture, research methodology. 
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Abstract—This paper presents results of a corrosion cracking test of specimens of irradiated austenitic 
chromium-nickel steels of grades 321 (Kh18N10T), 316 (06Kh16N11M3) and 304 (02Kh18N9). Speci-
mens were irradiated to different damage dose from 4.5 to 150 dpa. The tests were carried out in auto-
claves in the water environment simulating a coolant of the first circuit of WWER reactors at temperatures 
of 290–315°С. The influence of the damaging dose and the neutron energy spectrum on the tendency of 
steels to stress corrosion cracking (SCC) is analyzed. The dominant SCC mechanisms for various aus-
tenitic steels are determined. Loading modes effects on the SCC resistance of specimens irradiated to 
the same damage dose are compared.  
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Abstract—In this work, we present results of a bending test of miniature samples made of chromium-
nickel stainless austenitic steels of grades 321 (08Kh18N10T), 316 (06Kh16N11M3) and 304 (02Kh18N9) 
irradiated to various damaging doses from 4 to 125 dpa in different energy neutron spectra. Effects of the 
damage dose and the neutron energy spectrum on the intergranular fracture energy, which determines 
the strength of grain boundaries, are studied. Two neutron spectra are considered: one characteristic of 
the active zone of PWR and WWER reactors, and the other is typical for the active zone of fast core reac-
tors. The relationship between the resistance to corrosion cracking of irradiated chromium-nickel steels 
321, 316 and 304 and the strength of grain boundaries is considered.  

Keywords: austenitic chromium-nickel steels, stress corrosion cracking, miniature specimens, impact 
bending tests. 
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