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STUDY OF HYDROGEN PROPERTIES OF TIFE METAL HYDRIDE ALLOY WITH PARTIAL SUBSTITUTION OF FE WITH CR
N.E. Kurdyumov, E.D. Anzhigatova
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The addition of Cr is characterized by the
precipitation of a secondary phase on the
alloy surface, therefore hydrogen
sorption begins from the first cycle (30
bar, 30°C). The hydrogen capacity of Ti-
Fe-Cr alloys with different stoichiometric
compositions ranges from 1 to 1.95 wt.%.
The partial replacement of Fe with Cr in
TiFe-based alloys improves the kinetics of
hydrogen sorption/desorption by
creating active sites for hydrogen
dissociation on the alloy surface.
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EFFECT OF NANO-NICKEL AND CARBON NANOTUBES ADDITION ON HYDROGEN STORAGE PROPERTIES OF MAGNESIUM HYDRIDE

The synthesis of MgH,—20
wt.% EEWNi— 5 wt.% CNT
composite was carried out in
a planetary ball mill in
grinding jars at a rotation
speed 900 rpm for 60 min
with EEWNi and 300 rpm for
180 min with CNT.

For the synthesis of the
composite, MgH, with a
hydride content of about 97
vol.% and a metallic
magnesium phase content of
3 vol.% was obtained by
hydrogenation from the gas
phase at a temperature of
400 °C and a pressure of 30
atm H,.
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The synthe5|s resulted in a core-

shell structure, with magnesium
hydride particles serving as the
core and CNT with nickel-based

nanoparticles as the shell. The
composite exhibits the lowest
hydrogen release temperature

compared to MgH, and binary
compounds. The improvement of
properties is achieved through the
"hydrogen  pump"  mechanism
when adding EEWNi, as well as the
formation of a defect structure
with the addition of CNTs and
inhibition of particle agglomeration
during synthesis and hydrogen
sorption/desorption processes.
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New Ternary Lanthanum Halides La(Pd,Ga), and La;Pd;Ga
Telnoy K.O., Fedorayev l.l., Dunaev S.F., Gribanov A.V.
Lomonosov Moscow State University, Moscow, Russian Federation

Currently, intensive research is being conducted on intermetallic compounds (IMCs) of rare earth elements with significant electron
correlations. In particular, such IMCs include R—T—X systems, where R stands for a rare-earth element, T - d-element, and X - p-element
(groups 13-15). Intermetallic compounds (IMCs) in ternary R—T—X systems can exhibit specific physical properties such as the formation of
Kondo lattices, heavy-fermion superconductivity, valence fluctuations, and others. In the case where the d-element is palladium, the
formation of IMCs with a high Pd content (> 70 at. %) is possible, which distinguishes it from other platinum-group metals.

La3Pd5Ga Method used Results

The alloys were prepared in an electric arc The existence of two new ternary compounds
furnace under an argon atmosphere, containing 33.3 at. % lanthanum has been
followed by annealing at 800°C in established: La(Pd,Ga),, with the KHg,-type
evacuated quartz ampoules using resistance structure (space group Imma), and LasPdsGa, with
furnaces for 14 days. The samples were the CesPdsSi-type structure (space group Imma).

c studied using scanning electron microscopy, The crystal structure of the La(Pd,Ga), phase can
a La(Pd,Ga)2 energy-dispersive X-ray spectroscopy, X-ray be described as a set of overlapping triangular. A
= a b phase analysis, and differential scanning similar structural motif is also observed in the
calorimetry. lanthanum sublattice of the LasPdsGa compound.
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The study was conducted under the state assignment of Lomonosov Moscow State University "Fundamentals of the development of metallic and composite materials", project No. AAAA-A21-121011590083-9.
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Investigation Of Amorphous Magnesium-Based Metallic Alloys Before And After Hydrogenation
Dorofeeva V.A., 'Korol A.A., 2Berdonosova E.A., 2Klyamkin S.N., 'Zadorozhnyy V.Yu.

Abstract

Two melt-spun amorphous Mg—Cu—Ag-Yb and Mg—Cu-Yb—Co
alloys are evaluated as fillers for metal-polymer gas-
separation membranes. As-prepared ribbons are fully
amorphous, but hydrogenation induces crystallization, limiting
reversibility. Calorimetry indicates a narrow supercooled-liquid
region and multiple melting events of the crystallized phases.
These results define the practical operating range and
motivate composition/structure optimization to suppress
crystallization and improve cycling stability.

Introduction

Hydrogen’s value as a clean energy carrier depends on safe,
reversible storage. Magnesium-based systems offer high
capacity and low cost, but crystalline Mg requires high
temperatures and exhibits slow sorption. Amorphous Mg
alloys can mitigate these limitations, yet hydrogen can trigger
crystallization and reduce reversibility.
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Amorphous melt-spun MggeCuz0AgsYbs and
MgesoCu2sYb1oCos ribbons were
hydrogenated. XRD before/after exposure
verified amorphousness and identified
crystallization/hydrides. DSC on
MgesCu20AgsYbo (heating/cooling)
determined Tg, Tx, ATx, and melting events.
Combined XRD/DSC assessed thermal

stability and reversibility under hydrogen.

"National University of Science and Technology MISIS, Moscow, Russia
State University, Moscow, Russia

Results and Discussion

Both alloys are fully amorphous as-prepared but crystallize after hydrogenation, limiting
reversibility. DSC for MgesCu20AgsYbs indicates glass transition, early crystallization, a
narrow supercooled-liquid region, and multiple melting steps of the crystallized phases.
Together, XRD/DSC evidence points to a narrow usable temperature range and the need
for composition/microstructure optimization to suppress crystallization and improve
cycling stability.

— — Conclusion
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THE KOB-ANDERSEN SYSTEM CRYSTAL STRUCTURE: GENETIC ALGORITHMS VS SPONTANEOUS
CRYSTALLIZATION
Yu. D. Fomin N. M. Chtchelkatchev
Institute for High Pressure Physics RAS, Troitsk, Moscow, Russia

The crystal structure of the Kob—Andersen PO B -
mixture has been probed by genetic e, o g
algorithm calculations. The stable
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U;r = 4¢ awnlr —(o,z/1)" ), cB=3/4 — P63/mmc symmetry group; ¢B=0.4 — a metastable structure Principle components analysis of the
L af (( “ﬁ/ ) ( "‘f”/ ) ) this structure is found in actinedes, close to the convex hull structures. Two families of the structures

for instance, AcSe3 are identified.

eas/ean = 1.5, epp/ean = 0.5, _ _ _ _ _
Conclusions: genetic algorithms calculations (USPEX) allowed us to find the ground state of the KA

— — model at different concentration of the components. Only one of the predicted structures (CsClI) was
UBB/UAA 088’ and UAB/UAA 0.8 known before. All the others are predicted for the first time. It was also shown that others structures,
Methods: predicted mostly by educated guess are indeed metastable.

- USPE_X vari_able composition calculati(_)ns )
- MD simulation of spontaneous crystallization (lammps) Yu. D. Fomin and N. M. Chtchelkatchev, J. Chem. Phys. 161, 204504 (2024);



VII International School-Conference "Promising multicomponent (high entropic") ma‘rerials",i
dedicated to the 100th anniversary of Yuri Alexandrovich Skakov

October 06-10, 2025 r.

rusanov@uspu.ru
EFFECT OF OVERHEATING ON STRUCTURE OF FeNiBSiNb RAPIDLY QUENCHED MULTICOMPONENT ALLOY
B.A. Rusanov!*, V.E. Sidorov?, P.S. Popel?, A.l. Rusanova?, V.l. Lad’yanov?
1Ural State Pedagogical University, Yekaterinburg, Russia
2N.A.Vatolin Institute of Metallurgy UB RAS, Yekaterinburg, Russia
3Udmurt Federal Research Center, Izhevsk, Russia

Iron- and nickel-based bulk-amorphous multicomponent alloys based are actively researched in recent years due to their distinctive mechanical and
electromagnetic properties. Such materials are beginning to be used in transformer cores and other elements of electrical equipment.

FeggNizeB,15SisNb, alloy (master alloy) was obtained in an induction furnace from pure initial components (> 99.85 at. %) after remelting for 30 min in a
protective argon atmosphere. Rapidly quenched (RQ) samples in the form of rods (4 mm diameter) were obtained by suction casting.

Chemical composition of Fe,Ni 4B, :Si;Nb, alloy

Alloy Fe, at. % Ni, at. % B, at. % Si, at. % Nb, at. %
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20, degrees X-ray diffraction pattern of RQ Fe;4Ni;oB,5Si;Nb, alloy from 1315 °C

X-ray diffraction pattern of Fe;4Ni;oB,<Si;Nb, master alloy
X-ray diffraction pattern of RQ Fe;4Ni3oB,5SizNb, alloy from 1280 °C

It is found that the master alloy is multiphase, the main detected phases are Fe ;5Nij ,5, FeB, Ni,B, FeSi,. Rapid quenching of melt leads to a change in
phase composition of solid samples. The main difference being the formation of the (Fe Ni) ONb 86 phase At the same time significant overheating leads to
a decrease in volume fraction of this phase which can reduce t2h ?ass -forming ability of the alloy.

The research was funded by the Russian Science Foundation, grant Ne 25-23-00049, https://rscf.ru/project/25-23-00049/
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Introduction

The growing demand for sustainable energy
calls for low-cost, high-performance materials,
while global cotton production generates large
amounts of pre-consumer waste. These
cellulose-rich residues can be converted into
porous, conductive carbons with high surface
area and tunable porosity. This work explores
their chemical activation for eco-friendly
energy storage.

Experimental part

Activated Carbon: Cotton waste was soaked
in 50-85% H;PO, — dried — carbonized at
600 °C — neutralized & washed — ground.
Electrodes & Supercapacitors: AC, carbon
black, and PTFE (80:10:10) were mixed —
filtered & rolled into sheets — cut into
electrodes — assembled with separator & 1 M
KNO;.

Characterization: FT-IR , SEM,
Electrochemical tests (CV, GCD, EIS).

Reem.shaheen.r.2001@gmail.com

ACTIVATED CARBON FROM COTTON WASTE FOR SUPERCAPACITOR APPLICATIONS
R. Shahin, A.O. Rodin

National University of Science and Technology MISiS, Moscow, Russia

Results and discussion
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» Higher acid concentration (85%) leads to greater porosity and
an interconnected framework.

» Nearly rectangular CV curves indicate ideal capacitive
behavior and efficient ion transport.

» Improved morphology results in higher capacitance and
enhanced electrochemical performance.

» Increased acid concentration contributes to superior
supercapacitor performance.

CR2025 cells, 1 M KNO;
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The “4simplex” Plarform for predicting phase equilibria and decomposition kinetics of solid solutions in multicomponent systems (using the Co-Ti-Ta-Re system as an example)
D.V. Kvartalnov, N.E. Dmitrieva, I.I. Fedorayev

Lomonosov Moscow State University, Moscow, Russian Federation
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{ Predicting of phase equilibria in quaternary and higher-dimensional systems is an important task for the development of advanced materials. Traditional approaches 1
| to constructing of multicomponent systems isothermal sections using graphs method by hand are extremely labor-intensive and error-prone. Moreover, the use of only |
| isothermal sections does not allow tracking the kinetics of processes such as recrystallization, aging, and tempering, or tracking the evolution of metastable intermediate I
I I
I |

particles.
The integrated computing platform “4simplex”, developed in the course of this work, significantly accelerates and automates the key stages of the analysis of

multicomponent systems and the processing of experimental data. Specialized software has been developed in the Python for constructing and visualizing isothermal
sections of four-component systems in the form of tetrahedrons.
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A hybrid methodology is proposed that leverages the respective
strengths of diverse computational approaches:

1.Splines are employed for the smooth mathematical representation of
known boundaries.

2.Arithmetic coefficients facilitate interpolation within regions lacking
emplrlcal data. Re=25.00% Ti=25.00¢
3.Triangulation is utilized to construct a continuous and topologically
consistent surface model.

4.Operator adjustment capability, which effectively incorporates the
human_expert as a biological neural network, serving as an optimal
approximator for complex, non-linear corrections.

The study was conducted under the state assignment of Lomonosov Moscow State University "Fundamentals of the development of metallic and composite materials", project No. AAAA-A21-121011590083-9.
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IMPACT OF NANOSCALE Al, Cr, AND Ni ADDITIVES ON HYDROGEN DESORPTION FROM THE (001) AND (110) SURFACES OF MgH,
D.V. Terenteva, D.B. Vrublevskii, L.A. Svyatkin
National Research Tomsk Polytechnic University, Tomsk, Russia

— BeedeHue ~N ([ MemoOonbi <
[Touck aghgheKmMuUBHbIX U 3KOSI02UYECKU YUCMbIX UCMOYHUKOB8 3Hepauu desiaem 8000p00 KIHo4e8bIM Bbinu ebinonHeHbl pacdeémsi U3 nepebix MpUHYUNos 8 pamkax hyHKYUoHana ninomHocmu Memooom
kaHOudamom 6r1a2o0aps €20 8bICOKOU IHEP2OEMKOCMU U 3KornoaudHocmu. OOHaKO OCHOBHBIM ricegdoromeHyuara c ucrionb3o8aHuemM 0b0bWEHHO20 2padueHmHo20 npubuXeHuUs1 8 hopMe,
npensmcmeuemM ocmaémcsi omcymcmeue HaOéXHbIX Memodoe e20 xpaHeHusi. Cpedu mamepuaros npednoxeHHoto lepObro-bypke-SpHUeHXopoM.

ocoboe sHuMaHue ripuesrekaem audpud mazHus (MgH_), obnadarowuti 8bICOKOU meopemu4veckou

8000p00HOU EéMKocmbio (7,6 mac.%) u docmyrHocmbro. E20 ucrnonb3oeaHue o2paHuU4eHO 8bICOKOU
memrnepamypou 0ecopbuyuu (300-400 °C) u medrneHHoU KuHemukou, obycrio8rieHHbIMU MPOYHOU UOHHOU
cesi3bio Mg—H. NepcrniekmugHbIM HarpaeeHuUeM Se9emcs kKamanumu4deckass Moougbukayusi

rnosepxHocmeu MgH_ nepexooHbimu memarnamu u néakumu anemeHmamu (Al, Ni, Cr), crnocobHbIMU
rnepecmpausams 510KaslbHYyH arIeKMpPoHHYo cmpykmypy 6e3 nomepu o6bémHoU EémMkocmu. OcobeHHO
uHmepecHsi nogepxHocmu (110) u (001), kak Haubornee u HauMeHee sHepaemu4Yecku ycmou4vussle.

Lenb pabomei: ebisierieHue anusiHUsi 006a8oK asIlOMUHUSI, HUKeJs1si U XpoMa Ha cesi3u 6000po0-
\do6aeku U 8000p00-MacHuUl Ha nosepxHocmsix (001) u (110) 2udpuda mazHus. )

Bud ceepxy u sud cbopy
cynepwbaYeuku, modenupyroweu
rnosepxHocms (001). Amombl Mg, H u
amombl 006a80K oKpalueHbl 8 cepbill, PacnipedeneHue nnomHocmu eaneHmMHbIX 371eKMPOHO8 Ha Yucmou
po308sbili u 20/1y60l ueema rnosepxHocmu (001) a-MgH_ (a) u Ha nosepxHocmsx ¢ adcopbupo8aHHbIM
amowmom Al (6), amomom Cr (8) u amomom Ni (2). LJucbpbl 0603Ha4arom
nepeHoc 3apsida no baode
—— 3akntoyeHue p p Py -

B uccnedosaHuu ycmaHOBMEHO, YMO HUKerb, XPOM (hOPMUPYOmM COOMEEeMmMCMEEHHO
rnpeumMmyu,ecmeeHHO KogasieHmHble ¢ briuxauwumu amomamu eodopoda, a artoMuHuUlU —
UOHHO-KOBasieHmHsble. Takoe e3aumodeticmaue rpusodum k ocrabreHuto ucxodHbix Mg—H
ces3ell, obreayas 0ecopbuuto sodopoda. lNpu amom ebisierieHo, 4Ymo aghgbekm ocriabrieHuUs1 He

Bua ceepxy v Bua copy cynepbaqenku, PacripedeneHue niomHocmu 8aeHmMHbIX 31eKMPOHO8 Ha Yucmoli

MoaenmpytoLLieit noBepxHocTb (110). Amomei nogepxHocmu (110) a-MgH, (a) U Ha Mo8epXHOCMSIX C 3asucum om mMopghorioauu nosepxHocmu, a oripedernisemcs UCKIo4YumeribHoO murom rnpumMmecd,

Mg, H u amombl 006a80K OKpawleHb! 8
cepsbll, po3osbll u 2onybol ysema

adcopbuposaHHbiM amomom Al (6), amomom Cr (8) u amomom Ni (2). adcopbuposaHHoU Ha 2udpude MacHUS.
Lugbpbi obo3Hauyarom nepeHoc 3apsida rno badepy \- _J
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EFFECT OF Ni AND C ADDITIVES ON HYDROGEN DESORPTION FROM THE (110) SURFACE OF MgH,
D.V. Terenteva, D.B. Vrublevskii, L.A. Svyatkin
National Research Tomsk Polytechnic University, Tomsk, Russia

BeedeHue ~N
[Tlepexo0d Kk 80306HO8ISIEMbBIM UCMOYHUKaM 3Hepauu deriaem 8000p00 KIHYe8bIM SHepeuu adcopbyuu amomoe C
6v0 Cped 3 doud MaH u NI npu ux pasnuyHbIx
sHepeoHocumernem byOdywezo. Cpedu Mamepuariog 01151 €20 XpaHeHus 2udpuo magHust (MgH_) HONMONEHUSIX Ha MOBEPXHOCU
8bl0eriaemcs 8bICOKOU meopemuyeckol 8000po0HoU emkocmbio (7,6 macc. %), MgH(110)
docmyrHOCMbHO U 3Koro2udHocmeto. OOHaKo e20 Ucrosib308aHuUe 02paHU4eHO 8bICOKUMU
mewmnepamypamu deaudpuposaHus (300-350 °C) u medrneHHOU KuHemukou E. ,3B
aac
copbuyuu/decopbuyuu. [nsa peweHus amux rpobnem ripumeHsaom modugpukauyuu MgH, [lonoxeHune
Kamarnumudyeckumu U meriionpogodswumu 0obaskamu. B yacmHocmu, HUKerb ycKopsiem Apacopbunn
rpouecckl 2udpuposaHusi u deaudpuposaHusi briazodapsi 8bICOKOU Kamarumu4eckou C Ni

akmusHocmu, a yarepoO0 rosbiwiaem mernonpoeoOHoCMb, rnpedomepauwiaem aariomepauuro
yacmuuy u criocobcmeyem pagHoMepHOMY merisiomaccoobmeHy, obecriedugasi cmabusibHOCMb
u Oorrzo8e4Hocmb Hakornumerseu eodopoda.

Lenb pabomsbi: usy4yeHue cuHepaemu4ecko20 aghghekma esiusiHusi amomMoe HUKesisi U
yarnepoda Ha 0ecopbyUOHHY criocobHocmb MgH;. . B(q) 2,71 -2,37

\ _/

Memooe! - ) Hole |-2,95 -0,96
Bbirnu ebinonHeHbl pacyémel U3 nepsbix NPUHUUNos 8 pamMKax (yHKUUOHaa niomHocmu

Memooom ricegdoriomeHyuarna ¢ ucriorib3oeaHuem o606wWEHHO20 epadueHmMHO20 npubruxeHus
8 hopme, rpednoxeHHot epdbio-Bypke-SpHUEeHXohOoM. Top -6,18 -3,13

B(H) -5,02| -2,14

Top(H) |-1,07 -1,25

Top(Mg) |-5,63 -4,40

PacnpedeneHue nnomHocmu 8aneHMHbIX 371IEKMPOHO8 Ha Yucmol noeepxHocmu
(110) a-MgH; (a) u Ha nosepxHocmsix ¢ adcopbuposaHHbIM amomom C (6), amomom
Ni (8) u komninekcom Ni-C (2). L{ugppbl o603Ha4yarom nepeHoc 3apsida rno badepy

— 3aknroyeHue

Bbicokasi anekmpoompuyameribHocmb yarepooa rnpueodum K akKyMynsauuu 3Ha4umeribHO20
ompuyameribHo20 3aps0a, Ymo deriaem e20 OCHOBHbIM aKuernmopoM 3f1IeKMPOHHOU
n0mHoCMu Kak Ha Yyucmou rnosepxHocmu MgH_,, mak u npu coemecmHou adcopbuuu c Ni. Npu
3amom Ha briuxauwux K yarnepody amomax rnepeHoc 3apsida He Habrnodaemcs, 4mo yKa3bieaem
Ha chopmuposaHue crabbix koganeHmMHbIx cesizeti C—H unu C—Ni. Hanpomus, Ni He oka3bigaem
CMOJIb 8bIPAXXEHHO20 B/1USIHUS Ha repepacripedesnieHue afieKmpoHHOU niom+Hocmu u obpasyem
rnpeumMyuw,ecmeeHHO KogasleHmMHbIe C853U ¢ cOceOHUMU amomamu sodopoda. B oboux criyyasx
pe3yrnibmamom enusiHus 0obasok Ni u C sienssemcs ocnabrnieHue cesizet Mg—H.

Bupg ceepxy n Bug cbopy cynepbaveriku, mogenupytowen nosepxHoctb (110). Amomer Mg, H u amombl 006a80K OKpaweHb!
8 cepbll, po308bIl u 2onybol ysema

\_
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SELF-PROPAGATING HIGH-TEMPERATURE SYNTHESIS OF MgAION USING KCIO, AS AN EXOTHERMIC ADDITIVE
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Fig. 1. Graph of the experimental combustion
temperature, calculated temperature, and calculated
heat release as a function of the Al content involved in

the oxidation reaction (a) and nitriding reaction (b).
T exp — experimental combustion temperature; T
thermo — calculated combustion temperature
(according to the experimental compositions); T
thermo* — calculated combustion temperature
(excluding the nitriding reaction); Q — calculated heat
release

abzalovdanil99@yandex.ru

Abzalov D.l., Akopdzhanyan T.G.
Merzhanov Institute of Structural Macrokinetics
and Materials Science, Chernogolovka, Russia

The results of this study present investigations of SHS mixtures consisting of Al, Al,03, KCIO,, MgO in a nitrogen atmosphere
with an initial pressure of 5 MPa. To increase the combustion temperature, an oxidizer—potassium perchlorate KCIO,—was
added to the initial mixture. Self-propagating high-temperature synthesis (SHS) was proposed as a synthesis method. This
method utilizes the principle that the combustion reaction is initiated by external heat release, but after ignition, the process
becomes self-sustaining due to intense heat release as a result of the exothermic reaction itself. The SHS method offers
advantages such as short synthesis times and low energy consumption. Thus, SHS offers an alternative to the traditional
synthesis of MgAION.

The macrokinetic combustion parameters of the two main heat-generating factors—nitriding and oxidation—were studied.
Figure 1 (a) presents the results of a thermodynamic calculation for mixtures with varying amounts of aluminum involved in the
oxidation reaction, along with heat release calculations and experimental data. According to the obtained data, the adiabatic
combustion temperature changes from 1140 to 1870 °C. With an increase in aluminum content by 1 wt.%, the adiabatic
combustion temperature increases by an average of 180 °C, while the experimental value increases by ~100-120 °C. The
calculated heat release changes by ~28 kJ/mol.

Calculations were also performed with varying amounts of Al involved in the nitriding reaction (Fig. 1(b)). According to the
obtained results, the adiabatic combustion temperature changes from 715 to 1280 2C. With an increase in aluminum content,
the adiabatic temperature increases by an average of 100 2C, while the experimental value varies within very narrow limits.
This can be explained by the insufficient initial pressure of nitrogen gas in the experiments, which leads to nitrogen filtration
into the reaction zone, thereby limiting the combustion process. The calculated heat release changes by 11-12 kJ/mol for every
1% change in the amount of nitrided aluminum.

It was found that oxidation has a greater effect on the temperature and combustion rate, indicating its significant contribution
to the synthesis of magnesium-aluminum oxynitride. Thermodynamic calculations indicate that the limiting reaction of nitriding
occurs when gas is transferred to the synthesis zone (fig. 1). X-ray phase analysis of the combustion products of the mixtures
was also conducted, with MgAION present as the main phase in all products (fig. 2). However, potassium chloride (KCl) is also
present as a secondary phase in the combustion products, which is not a significant concern, since during subsequent sintering
of the samples, potassium chloride still evaporates before the materials are sintered.

Compact ceramic materials were sintered from single-phase magnesium-aluminum oxynitride powder materials by free
sintering at a temperature of 1930 °C for 10 hours. The maximum values of hardness and Young's modulus were 32.1 + 2 GPa
and 330.6 + 29 GPa.

This research was funded by Russian Science Foundation, grant number 24-79-00289.
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E-mail: sSamorovamn@susu.ru

Samodurova M.N., Polyakova M.A., Pashkeev K.Yu., Trofimova S.N.,

As part of the study, new methods for producing
non-metallic and intermetallic high-entropy
compounds and coatings based on them using
additive technologies were developed.

Elements diffusion from

as-sprayed precursor the precursor coating

coatin,
v, B

Liquid melted coating ~
e S SaT Rt
A paan

Elements diffusion from the substrate substrate

substrate

Fig. 1. Laser melting of a powder coating with partial melting
of the substrate and without melting of the substrate

Detonation gun .

Precursor composite
coating

Synthesis of HEA
coating during laser
re-melting

L

e — . —
substrate

i.,.m

Deposition of presursor coating Formation of HEA phase

Fig. 2. Two-step approach to forming a high-entropy coating:
application of a coating using the detonation spraying method followed by
laser remelting

This work was supported by the Russian Science Foundation and the
Government of the Chelyabinsk region, grant No. 23-19-20054,
https://rscf.ru/project/ 23-19-20054/

COATING BASED ON THEM

Latfulina Yu.S., Myasnhikova A.A., Naprimerova E.D.

The work aimed to create materials with a unique
property profile for aerospace and engineering
applications. Using three additive methods—Ilaser
cladding, cold spray, and detonation spraying—over
120 coatings were produced on steel, aluminum, and
glass substrates. Both pre-synthesized high-entropy
powders and in-situ synthesis from elemental mixtures
were employed to form high-entropy intermetallic and
oxide coatings. Comprehensive analysis (XRD, SEM,
microhardness, wear, and thermal stability tests)
confirmed that the methods produce coatings with
strong adhesion and a stable phase structure.
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Fig. 3. XRD patterhs of the (NbTaVCITi)AI3 (a), (NbTaVNiFe)AI3
(b), (NbTaVZrHf)AI3 (c), and (FeNiCoCrMn)(MoCr) (d) HEICs in the
as-cast and detonation spraying -coated states.

APPLICATION OF ADDITIVE TECHNOLOGIES IN THE
SYNTHESIS OF HIGH-ENTROPY COMPOUNDS AND

e 7

h -~
SO
1943

These models allow for the prediction
of optimal process parameters and
provide insight into the mechanisms of
high-entropy phase formation under
non-equilibrium conditions typical of
additive manufacturing. The findings
confirm the feasibility of engineering
coatings with tailored functional
properties and open new prospects for
the application of additive technologies
in the development of next-generation
high-performance materials.
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Fig. 4 Microhardness values recorded across the
coating/substrate cross-section for (NbTaVCrTi)AI3,
(NbTaVNiFe)AI3, (NbTaVZrHf)AI3, and
(FeNiCoCrMn)(MoCr) high-entropy intermetallic
compounds coatings.
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Tpubonoruyeckoe nosegeHne NepPCNEKTUBHBIX YbTPaMeNIKO3ePHUCTbIX reTepodasHbIX KEpaMUUYECKMX KOMNO3UTOB

o MHUCHC
C.K. MykaHos, M.WU. MNMeTpuk, E.A. JleBawios k YHUBEPCWTET
YHuBepcUTeT Hayku u texHonornii MUCUC, MockBea, Poccusa
smukanov@misis.ru
({ BBepneHue N/) , f( MaTepuanbi \O
Kepamuueckme KOMMo3uuUMoHHbIe mMaTepuansl (KKM) Ha ocHoBe Tyronnaskux HUTPUAOB, Kapb6uaos U Cucrema MaTpuua [lo6aBku Tpe“J-V'HOCTOV'KCl’/gTb (Kic),
6opnaoB, HECMOTPA Ha WX BbICOKYHD TBEPAOCTb, KOPPO3MOHHYID CTOMKOCTb, TEPMUYECKYHO Mra-m
CTabunbHOCTb, MMEKT CKITOHHOCTb K Xpynkomy paspyweHuto. Co3gaHue ynbTpamenko3epHUCTbIX TiSICN c—Ti(C,N); B-SizN,; c-SiC YAG; h—-BN 4,5-5,7
(YM3) KKM, couyeTaroLmx BbICOKYIO TPELUUHOCTOMKOCTb, TBEPAOCTb, MPOYHOCTb, TEMMONPOBOAHOCTb, _ _
TEPMNYECKYID U XUMUYECKYI) CTOMKOCTb, HU3KME 3HAYeHWs KO3PMULIMEHTOB TEpPMUYECKOro TaSiN h-TaN; B-SizN,; c-TaN YAG; h—-BN; VGO 5,4-9,3
pacLumMpeHust U TpeHus, pacumput obnactu NpMMEHeHNs B aTOMHOW 3HepreTuke, ABUratenecTpoeHnm TaSiCN —Ta(C.N): B-Si-N VAG h-BN 65.85
W OpyrMx OTpacnsax MNpPOMbILWMEHHOCTN. BaxHbIM BoOnpocoM ABMASIETCA MOUCK  ONTMMarbHOMW TieGré Tic: ’Cr C ; N? 4 e 4,8—7’8
KOHLIEHTpaLmMn, pasMepoB M crnocoba BBeJeHUS B MOPOLUKOBYK) CMECh aKTWBATOPOB CreKaHus, 32 e B2 o
HaHOpa3MepHbIX U CYOMMUKPOHHbIX MUKPOOOBaBOK C y4EeTOM WX COBMECTMMOCTUM W BO3MOXHOCTbIO O( M \O
XUMUYECKOro B3aMMOAENCTBUSA C KepaMU4eCKon MaTpuLen. eToAbl A
Llenbto HacTosiwen paboTbl ABMSANOCH UccrnenoBaHne TpMbOoNorM4eckMx CBONCTB nepcnekTuBHbiXx KKM
Ha OCHOBe kapbuaoB U HATPUAOB TUTaHa M TaHTana Cxema «cTepxeHb-amck» (ASTM G99-23) O6bEM  M3HOLLEHHOro
- ~ c mMaTtepuana onpeaensinu
Vi UChbITaHNS NPU CYXOM TpeHUn KonTpTeno: wapuk, @3 mm (Al,O4/ CTtanb) c VNCMOMb30BaHMNEM
Harpyska: 5H ONTUYECKOro
O6HapyxeHo, 4To npm Bbicokorn ckopocTy (0,8 m/c) KKM Ha ocHose TiC-Cr;C, n TiSICN aemMoHCTpupytoT TNurentas ckopocts: 0,3: 0,6: 0,8 m/c npocunometpa WYKO
HU3KNe 3Ha4YeHuns koadhdumumneHTa TpeHus (0,25-0,55) " npuBeaeHHOro n3Hoca Cpena: Boaayx / Macno NT1100 (Veeco, CLUA).
(22%x10°%-Mm3/H-m). Hanpotus, kepamuku TaSiN u TaSiCN obnagatot 6ornee BbICOKUMU 3HAYEHUSMU
koapduumeHTa TpeHus (0,70-0,79) u npuBegeHHoro maHoca (<13x10¢ mm3/H-m). BraronpusitHble
TpnbonorMyeckne XapakTepucTuku TuUTaHcoAepXallen Kepamukm obycnoeneHo ob6pas3oBaHueM — ~
CYOMUKPOHHBIX NPOAYKTOB M3HOCA CO CTPYKTYPOWN pyTun. " MUcnbiTaHusa B macne s
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3
NccnepoBaHme npoAyKToB U3HOCa Konuuectso uuknos, (x10°)

Ta-14.4 at.%
321) (Si-17.9 at.%
O - 54.0 at.%
(311) Al — 9.7 at.%
(310) [Y-1l.lat.%
- 2.8 at.%

TiSiCN i-314at%
Si—-12.5at.%
B0 -489at.%
Al - 56 at.%
-1.6at.%

HesaBucumo o1 coctaBa, KKM xapakrepusyloTcsd y3kuM [ManasoHOM YCTaHOBMBLLErOCS
koadhpuumeHta TpeHusa (0,03-0,10). Mpn oTCyTCTBUM YyCNOBUN ANA peanu3auun OKUCAUTENbHOro
MexaHu3Ma M3HOCa, T.e. B YCMOBUSX CMaskv U NPU HU3KUX CKOPOCTSX, onpeaensiowmm hakropom
TpUBONOrMyeckoro MnoBeAEeHUs KepamMuK SBMASETCHS WX TPELMHOCTOMKOCTb. BbipbiBaHMe 3epeH
NPUMBOAUT K JOKarbHOMY paspyLleHMI0 CMasOoYHOW MMEHKM, YTO COMPOBOXAAETCA YyBENUYeHWeM
KoadhpmumeHTa TpEHUSs U UHTEHCUBHOCTM U3HalLMBaHWS. BBegeHne yHKUMOHaNbHbIX A06aBOK
(YAG, h-BN, VGO), nosblwaiwLwux TPeLMHOCTOMKOCTb, MPENSTCTBYET XPYNKOMY pa3pyLUeHuo 3epeH
1 TeM caMbiM obecnedmBaeT pocT ndHococtonkoctTn KKM B ycnosusix cmasku.

| Paboma ebinonHeHa rpu guHaHcosoul noddepxke MuHucmepcmea HayKu U 8biclueeo obpa3osaHus P® e pamkax eocydapcmeeHHoeo 3adaHusi (npoekm FSME—2025-0003). ‘
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LASER DIRECTED ENERGY DEPOSITION OF A REFRACTORY NbTaV COMPLEX CONCENTRATED ALLOY USING ELEMENTAL
POWDERS: MICROSTRUCTURE AND MECHANICAL PROPERTIES

Kochura E.G.*, Krasanov 1.V., Yurchenko N.Yu.

Saint-Petersburg State Marine Technical University, 190121 Saint Petersburg, Russia

Particle morphology and size distribution of the
NbTaV powders
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Sample deposition scheme
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Substrate
Ti-alloy

(a) (b)

— deposition trajectory (Laser ON, Powder Feeder ON)
—— remelting trajectory (Laser ON, Powder Feeder OFF)
~== idling (Laser OFF, Powder Feeder OFF)

(c) (d)

NbTaV with
remelting

Microstructure

NbTaV without
remelting

This work was supported by the Russian Science Foundation Grant no. 25-79-30012 (https://rscf.ru/en/project/25-79-30012/).

Mechanical properties

Engineering stress-strain and
true stress/strain hardnening rate-
true strain curves
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DEVELOPMENT OF NICKEL-BASED SUPERALLOYS FOR ADDITIVE MANUFACTURING
Astakhov .12, Klimova M.V2®, Klimenko D2, Stepanov N.D2t
3nstitute of Laser and Welding Technologies, State Marine Technical University, Saint Petersburg, Russia
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*The reported study was funded by the Ministry of Science and Higher Education of the Russian Federation (Grant Agreement

No. 075-15-2025-006 dated February 26, 2025).
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In this work, a new compositions of superalloys based on ZhS6K were designed using high-
performance CALPHAD calculations. The microstructure studies confirmed the absence of cracking in
the modified alloys compared to ZhS6K, which indicates better manufacturability. A comparison of
the mechanical properties with the ZhS6K alloy showed that the developed alloys has slightly lower
strength characteristics than the ZhS6K alloy. However, the ductility of NI75 was higher, for example,
at a temperature of 975°C, the elongation under tension was 6 times greater than that shown by the
ZhSeK alloy (14%). At the same time, Ni70 showed the best strength properties at 800°C,
ultimate strength and yield strength were 1139 and 1000MPa, respectively.
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INFLUENCE OF THE ULTRASONIC ASSISTANCE DURING WIRE ARC ADDITIVE MANUFACTURING ON
THE GRAIN SIZE IN THIN WALL AND THICK MULTI-ROWS STEEL SAMPLES
S. Belyaev?!, V. Rubanik?, V. Rubanik jr.2, N. Resninal, M. Staroduboval, D. Drabo?
1saint-Petersburg State University, Saint-Petersburg, Russia
2Institute of Technical Acoustics, National Academy of Science of Belarus, Vitebsk, Belarus

Aim of the study

To investigate the influence of the ultrasonic (US) Thin wall Sample

assistance on the grain size in the samples produces
by the wire arc additive manufacturing (WAAM).

Thin wall samples were prepared in 3 regimes:

= without US (WAAM)

= under US during deposition of the layer and
during inter-pass cooling (WAAM+USV-1)

= under US during deposition of the layer only
(WAAM+USV-2)

_ S

Image of the WAAM+USV-1 sample with 36 layers, the view of the Image of the WAAM sample, the view of the columnar grains wfth substrate

Thick multi-rows samples were prepared in 2 columnar grains in the upper part of the sample at the bottom
regimes: N, % N, % N, %
: i —O—WAAM o - —0—WAAM —O0— WAAM
®  without US (WAAM) » . 01 oA —O— WAAM+USV-1 Wi —A— WAAM=USV 304 —L— WAAMAUSV
= under US during deposition and inter-pass —A— WAAM+USV-2 301 A
cooling (WAAM+USV) 304 / \ R
sl A8 20 \
4 ™ u}
Conclusions 20 \ \ / \] 4
In thin wall the columnar grains were observed only o 0, E\:, 104 4 AE\_ 109 x_
. 104 0 . &N
in top layers. N\ %ﬂ/—\ﬂ ﬂi%%
In thick samples the columnar grains were found in olg—C Q\Q:E:BRQ:Q=D_G 04 0 . H
all layers. 0 500 1000 7, jim 0 500 1000 7, pm 0 500 1000/, pm
The US assistance during WAAM decreased the istributi ins i
g. The distribution of the length of the grains in the upper part of the sample The d!stnbutlon of the length of the columnar grains in the upper part and
length of the columnar grains. the middle of the sample

The study was financially supported by joint project of the St.Petersburg Science Foundation (grant number 23 RB-09-43) and the Belarus R I ion for Research (grant number T24SPbG-008).
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CARBIDE PARTICLES FORMATION IN MELTS BASED

B TuM

E-mail: trofimovea@susu.ru

This study explores cost-effective alternatives
to conventional cobalt-based stellites using
high-entropy alloy (HEA) principles. The
research  focused on M(Cr30W5CL1.5)
systems, where "M" is a combination of one
to four elements from Fe, Ni, Co, Al, Cu, and
Mn. The goal was to develop materials with
performance comparable to stellites by
creating a multi-element matrix without a
single dominant element.

Fig. 1. Microstructures of cast samples at magnifications x900, x1000:
a— AICoNiFe(Cr30W5C1.5); 6 — AI2CoNiFe(Cr30W5C1.5);

B— MnCoNiFe(Cr30W5C1.5); r — CoNiFe(Cr30W5C1.5);

1— Co(Cr30W5C1.5); e — Ni(Cr30W5C1.5); x — Fe(Cr30W5C1.5)

The research employed a combined theoretical
and experimental approach. Alloy samples were
synthesized by vacuum induction melting of
pure elements in corundum crucibles.

EXPERIMENTAL STUDY

Bodrov E., Mikhailov D.V., Shabalina D.A., Efimova M.E.,
Rybalchenko K.G., Samodurova M.N., Trofimov E.A.

Fig. 2. Equilibrium phase compositions of the I\‘}I(éra‘hGWSE:l“.S)msystems
in the range of 400-1600°C: a is AICoNiFe(Cr30W5C1.5);

6 is AI2CoNiFe(Cr30W5C1.5); B is MnCoNiFe(Cr30W5C1.5);

r is CoNiFe(Cr30W5C1.5); 1 is Co(Cr30W5C1.5)/Stellite 6;

e is Ni(Cr30W5C1.5); xx is Fe(Cr30W5C1.5)

Thermodynamic simulations were performed
using Thermo-Calc software. Calculations
included both equilibrium (CALPHAD) and non-
equilibrium (Scheil) solidification models to
predict phase composition and temperature-
dependent volumetric behavior of the alloys.

For experimental characterization, scanning
electron microscopy (SEM) coupled with energy-
dispersive X-ray spectroscopy (EDS) and X-ray
powder diffraction (XRD) were used to analyze
the microstructure and phase composition. The
high-temperature oxidation resistance, hardness,
and mechanical strength of the alloy samples
were also evaluated.

The work was supported by Russian Federation represented by the Ministry of Science and Higher
Education of the Russian Federation, project number (contract number) No. 075-15-2022-1243.

ON HIGH-ENTROPY ALLOYS: MODELING AND

AICONIF(CI30WSC1,5)
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Fig. 3. Results of oxidation study of samples with multi basic matrix:
a— AICoNiFe(Cr30W5C1.5); 6 — AI2CoNiFe(Cr30W5CL1.5);
B — MnCoNiFe(Cr30W5CL1.5); r — CoNiFe(Cr30W5C1.5)
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Fig. 4. Results of oxidation studies of samples based on individual
elements of the iron subgroup: a — Co(Cr30W5C1.5);
6 — Ni(Cr30W5C1.5); B — Fe(Cr30W5C1.5)

The study showed that alloy properties can be
optimized by adjusting the matrix composition
and heat treatment. A strong correlation was
found between the phase composition, carbide
morphology, and functional properties. The
resulting materials combine high hardness,
excellent heat resistance, and reduced cobalt
content, making them cost-effective candidates
for extreme operational conditions.
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EVOLUTION OF THE STRUCTURAL STATE OF THE HIGH-ENTROPY ALLOY TiNbZrTaHfCu,
Abzaev Yu.A., Klopotov A.A., Prokopenko N.A., Petrikova E.A., Guda S.A., lvanov Yu.F.
Tomsk State University of Architecture and Building, Tomsk, Russia
Institute of High Current Electronics, Tomsk, Russia

The aim of the present work is to investigate the evolution of

structure and phase composition in thin (2...3 um)
TiNbZrTaHfCu high-entropy alloy (HEA) films wusing a
crystallographic reference database generated by the

evolutionary code USPEX, to determine quantitative phase
content via the Rietveld method, and to calculate phase stability
parameters using first-principles methods (DFT) in the CASTEP
code. The primary emphasis is placed on studying crystal lattice
stability via Miedema’s method, phase evolution, and their
energetic states as a function of deposition duration.

Film formation was carried out by deposition from a multi-
element gas-metal plasma, generated by simultaneous vacuum-
arc evaporation of TiNbZrTaHf and Cu composition cathodes in a
plasma-assisted mode (Ar). Experiments on the deposition of
multi-element films were conducted on the VUIPS-1 setup. The
process of thin film structure formation in situ with high
temporal resolution was studied using a synchrotron radiation
source — the VEPP-3 electron storage ring, BINP SB RAS. X-ray
diffraction pattern acquisition and recording were performed
continuously every minute for 155 minutes.

It has been established that increased deposition time induces a

transition from metastable orthorhombic phases (Amm?2,
Pmm?2) to the thermodynamically stable tetragonal phase [4mm.

Intensity, imp/sec

ity, imp/:
Intensity, imp/sec

=150 =

The key role of Cu-Hf pairwise interaction in stabilizing the
alloy has been revealed, compensating for the local instability of
Zr—Cu and Ti—Cu pairs. It is shown that prolonged deposition
reduces the enthalpy of mixing and Gibbs free energy, resulting
in the formation of a homogeneous structure with >98% I4mm
phase fraction.

Fig. On-line diffraction patterns of TiNbZrTaHfCu, alloy films,
besieged for a period of time: a) 40 minutes; b) 60 min; ¢) 110 min d)

143 min: 1 — experiment, 2 — model, 3 — intensity difference.
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What is the upper limit of tempering temperature for 10%Cr martensitic
steel to achieve high creep resistance at 650°C?

Normalization 1060°C +tempering 3 h

diath = 420 nm / p=1.3x10%* m2
d M,;Cs =104 /110 nm

djatn = 380 nm / p=1.7x10%* m2
dM,,C, =66/73 nm

200

Creep tests at 650°C / 120-180 MPa

150 A

Stress, MPa

100 A
90

m T750
N | A T770

\\
e

80

10'

102 103 104

Time to rupture, h

Higher tempering temperature of
790°C led to:

- a20% decrease in the creep
rupture strength

dudova@bsuedu.ru
ON THE EFFECT OF HIGH TEMPERING TEMPERATURE ON THE CREEP RUPTURE STRENGTH OF A 10%CR STEEL

N.R. Dudova, R.V. Mishnev
Belgorod State National Research University, Belgorod, Russia
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A power-law relationship
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a 30% lower threshold stress
for creep
(provided by M,;C4 carbides,
mainly)

Lower creep resistance is due to lower pinning of lath
boundaries by M,;C, carbides
(larger size / lower number density on boundaries)
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A higher tempering T=790 °C is not recommended for
both short- and long-term creep strength.

T=770°C is

optimal.
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STRUCTURE AND MECHANICAL PROPERTIES OF THIN-SHEET WELDED JOINTS OF HASTELLOY X ALLOY OBTAINED BY TIG WELDING WITH

DIFFERENT FILLER MATERIALS BASED
S. V. Naumov?, D. O. Panov}, G. A. Salishchevl, D. S. BelininZ, V. V. Lukianov3
1Laboratory of Bulk Nanostructured Materials, Belgorod State University, Russian Federation
Zperm National Research Polytechnic University, Perm, Russian Federation

3SPA «Technopark of Aviation Technologies», Ufa, Russian Federation

Thin-sheet structures of nickel-based heat-resistant alloys have a wide range application in
the aerospace and energy industries. Hastelloy X (HX) is one of the most promising nickel-
based heat-resistant alloys. Due to its exceptional corrosion resistance, HX is the preferred
option:for applications-in-difficult-conditions: To obtain welded-joints of the material, it is
necessary to use available technologies and filler materials. Gas Tungsten Arc Welding (TIG)
of nickel heat-resistant alloys is a wide spread technique. However, the choice of filler
materials, and, consequently, welding modes for HX remains an urgent task. In this work, the
possibility of obtaining thin-sheet welded joints by TIG welding using various filler materials
is studied.

The optimal TIG welding modes are determined as follows: a base current of 10 A, a peak
current of 15-30 A, a current modulation of 30%, and a pulse frequency range of 5-70 Hz.
After welding, the joints are subjected to annealing at 1175-1120 °C for 30 min with water
cooling.

The study reveals that, in the fusion zone, the Laves phase with a high Mo content
dissolve. Laves phase particles of 1-5 um in size in the fusion zone (in the interdendritic area)
are formed. In the HAZ area, the line inclusions of the Laves phase remain, but subsequent
heat treatment dissolves them both in the fusion zone and in the HAZ. When using ERNiFeCr-
2 wire, the microhardness of the fusion zone is of 210+20 HVO0.2, which is higher than the
microhardness of the base metal (20010 HV0.2). When using HN80 (CrNi80) wire, the
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microhardness of the fusion zone decreases to 180+20 HV0.2. Radiographic testing showed F'gl:;re L Crosst;ic”tlon ofta WTII(\jIAssiSm Ef HX;:ont(;bI;tamedtby TIIG
the absence of internal pores and cracks in the welded joints. The proposed technological welding: a —wi ith 'f,ﬁr ma ir'? | XHSO0 ’d chh (Ifil)J( tl 'er material;
recommendations for TIG welding with filler materials based on NiCr and NiFeCr alloys allow ¢~ with iler materia »d—wi strip

for the production of high-quality thin-sheet welded joints of HX.

30 4
Deformation, %

This research was funded by the Russian Science Foundation, grant no. 19-79-30066. Figure 2. Mechanical properties of welded joints
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Technological Features of Laser Cladding of Composite Coatings Based on Inconel 625/WC Alloy
Denis Vlasov'2, Ksenia Bazaleeval2, Andrei Alekseev?, Rustan Shipshev?
1 Moscow Polytechnic University, Bolshaya Semyonovskaya str.38, 107023, Moscow, Russia
2peoples' Friendship University of Russia named after Patrice Lumumba
(RUDN University), Moscow, 117198, Russia

UENN U 3A0AYUN UCCNEQOBAHUA TEXHO/IOr MM NONYYEHUA U3AENNIA C 3ALAHHBIM YPOBHEM

Ilenrs — mNOBEBINIEHHE IKCIUTYaTallHOHHBIX XapaKTepPHCTHK KOMITO3HIIMOHHBIX T[OKPHTHﬁ CBOﬁCTB nPMMEHMTEanOKTEXHO"OFMM nnB

Inconel 625/WC, cHHTe3HpOBaHHBIX METOJOM Ja3epHOIH HAIIABKH, MYyTeM BapbHPOBaHHA
TeXHOJIOTHYECKHX MMapaMeTPOB MPONEecca U U3MEHEHUA CIPYKMYPHOZO COCMOAHUA HEXOOHO2O0 TpeGosanua npebABNsemble K et e i
NOPOWIKOGO20 Mamepuana. 1. KoadpdpuumeHt dopmbl Banuka f = v AlOJDKCH HAXOIUTHCSL B IHANA30HE [0,2:0,33] XAPAKTEPUCTUKN EAM HWYHbIX C/IOEB
- ST’ p— 6 NUa o o
_____ 1 2. KosgnienT DpoTnas/isHita d = Sp+Sn’ HOIeH Ot B Andnase [0,150,4) AXY — BeJIMYMHA NEPEKPLITUA MEXAY LEHTPaMU COCEAHNX BANUKOB. PEKOMEHAYEMOE 3HaYEeHME -
Japaun: e 3. Ilupuna Banuka L B uarepsae or 1,7 My 10 3,0 MM npu iameTpe JlasepHoro natHa 1,8 MM AXY = 0,7L.
. I .l I. . 4. 0-— kpaeBoit yron y ocHoBaHua Banuka 0 < 90°
1) paspaboTka TeXHOIOTHH Jla3epHOil HalIaBKH Oe3le(DeKTHBIX KOMIIOZHIIHOHHBIX - 5. OtcyTcTBMeE TPewmH m

nokpbitiit Inc 625/WC;

2) wHccheOBAHHE 3ABHCHMOCTH  (Da30BO-CTPYKTYPHOTO COCTOSHHS —KOMIIO3HIIHOHHBIX
nokpeitiii Inc 625/WC oT TexHOIOIHYeCKHX HapaMeTpoB LIpollecea;

3D-npuHTep InssTek MX-Grande

CTpyKTypa MOHOCIIOEB, HOJIY4EHHBIX
metoziom [1JIB co ckopocThio
ckarnpoanus 1000 Mm/vm,
sownocteio 1000 Br u pasubiv
PACCTOAHHEM MEKIY BAIMKAMH: &
0,5L:6-0,7L: - 09L

3) Hcclie/IoBaHHue BIIHAHHA (tIB]DBO*CprKTyPHUI’O COCTOAHHA HDKphITHﬁ Ha HX
* MEXaHH1eCKHE XapaKTepHCTHKH,

® KOppO3HOHHbBIE cBoiicTBa;

® TepMHYECKYIO cTa0HIBHOCTD.

NasepHblit Ny

BaHnHa pacnnasa

A 3
JOK

Merannonopot

30Ha TennoBoro Bo3aeicTe!

Cxema 1 npoLecc 1a3epHol HanIaBKM METOAOM NPSAMOTO 1a3epHOro

EAMHMYHbIE CIOM U3 OTOBPAHHBIX PEXUMOB
BblpawmeaHus (MNB).

Ha No410XKKe

EAMHWYHbIE Na3epHble TPEKM (BaMKM) Ha NOA/I0XKKe

MCXOAHDIN NOPOLIKOBbIA MATEPUAI PEXKMMBbl NA3EPHOW HAINJIABKU B/IMAHVUE NIOTHOCTU YE/IbHOW SHEPTUM P/ B/IMAHWE KOHLIEHTPALIM YNPOYHAIOLLIEN ®A3bI
Audbpaxmozpamme: Mokpbitua Inconel 625/(WC,W,C)
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CTPYKTYPA KOMMNO3ULIMOHHbIX NOKPbITUI

TTanopama MOKPLITHS (MCTALIOrpagHUCCKHIT anans)

FEw AT gy MR A

PACTPEAE/NEHVE S/IEMEHTOB MO CTPYKTYPE MOKPbITUS MWKPOTBEPAOCTb MATPULIbI MOKPbITUA  BbIBOALI:

1. flona kapbuaos 3aBUCKT OT SHEPTUM NpoLiecca: Npu bonbLuei
3Heprum Yactb WC pacTBOpAETCA, MEHAETCA UX pacnpeseneHue.
2. B nokpbITuaAXx BbisisneHbl WC, W,C, HUKenesblii pacteop u
kap6buapl NisMosC, MoNbC,, KonnuectBo KOTOpPbIX PACTET €
MOLLHOCTbIO Nasepa.

3. P3M: Ni-Cr-Fe B maTpuue, W-C B kKapbuaax, Mo n Nb
COCpesoTo4eHbl BOKPYT Kapbuaos.

4. MUKpOTBEPAOCTb NOBbLILLAETCA C POCTOM cofepkaHua WC;
MeHbLLAA CKOPOCTb CKAHUPOBAHUA NMPU OANHAKOBOW MOLLHOCTU
yBennuuBaeT TBEPAOCTb.

Merajtorpaduucckuii anamms
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