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One of the most promising structural materials in gas turbine en-
gineering is the alloys based on an intermetallide, the type of NisAl,
with an equiaxial and directional columnar structure. These materi-
als make it possible to increase the working temperature of blades to
1,220 °C. The blades are made by the method of precise casting in a
vacuum; in this case, it is necessary to technologically join the nozzle
blades into blocks, to fix the signal holes in cooled blades, to correct
casting defects.

Welding by melting intermetallide materials, as well as other
cast heat-resistant nickel alloys (HNA), does not yield positive
results. Therefore, various brazing techniques are used such as TLP-
Bonding (Transient Liquid Phase Bonding). Filler metals’ melting
point is lower than that of the main metal. The key issue related to
the technology of brazing HNA, including the design of appropriate
filler metals, is the improvement of the physical-mechanical and op-
erational properties of brazed joints.

This paper reports the established rational doping of a filler
metal base, as well as depressants, the critical temperatures and
surface properties of filler metals, their chemical composition, the
structure and properties of brazed joints, the mode parameters, and
brazing technology. To improve the stability of the structure and

the high-temperature strength of the brazed joints, the filler metal
was alloyed with rhenium and tantalum. Mechanical tests of brazed
joints at 900 °C were conducted in Ukraine; at a temperature of
1,100 °C —in the People’s Republic of China. The test results showed
that the short-term strength of alloy compounds with an equiaxial
structure based on the NizAl-type intermetallide at 1,100 °C is 0.98
of the strength of the main metal. The long-lasting strength at the
same temperature meets the requirements for the strength of the
main metal.

Keywords: brazed joints, microstructure of joints, chemical
composition, short-term and long-lasting strength, brazing technol-
ogy, tantalum, rhenium, boron.
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This paper reports comparative tribotechnical tests of surfaces,
hardened by cementation and plasma nitriding Avinit N, for contact
fatigue strength at friction in rolling with slipping. Following the
cementation, the samples’ hardened layer thickness was 1.2 mm;
on nitriding, the thickness of the hardened layer was 0.25 mm. The
tests were carried out using an acoustic emission method, which is
extremely sensitive when registering the transition of tribosystems’
operation from the normal (mechanochemical) wear to the initial
surface destruction of a fatigue nature.

The tests have shown that the average number of cycles before
the initial destruction due to fatigue for the samples hardened by
the Avinit nitriding technology is 1.82-time higher compared to the
cementation-hardened samples. The depth of damage at the surface
of the cemented samples could vary between 0.01 and 0.027 mm
depending on the diameter of the damage. For the nitrided surfaces,
the depth of damage did not exceed 0.003 mm.

The samples’ resistance to the fatigue wear (destruction) was
determined by tests based on 1,000,000 cycles at contact loads
Gmax=1,140 MPa, typical of medium-loaded surfaces. The test results
demonstrated that the integrated multicyclic resistance to fatigue
wear (destruction) of the samples, hardened by nitriding, is more
than 10 times higher than that of the cementation-hardened samples.

The study reported here confirms the effectiveness of using the
Avinit ion-plasma nitriding technology instead of cementing, to im-
prove the contact strength of the parts’ surfaces. At the same time,
worth noting are the advantages of this technology to maintain the
size and high quality of surface treatment, which eliminates the need
to mechanically finish them after hardening.

Keywords: friction; rolling with surface slipping, contact fatigue
strength; gas cementation; plasma nitriding.
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This paper reports a study into estimating the impact of dis-
solved Si and Cr on the crystalline structure, certain mechanical
characteristics, and stability of manganese austenite. The theoretical
study was based on the first-principle calculations within a density
functional theory (DFT) for austenite structures, which were mod-
eled in the form of 2x2x2 superlattices based on a face-centered
cubic lattice.

Atoms in the model superlattices were arranged considering the
experimental results from analyzing the Mossbauer spectrum and the
X-ray phase analysis of experimental alloys corresponding to high
manganese steels. The superlattices that represented the structure of
the alloyed austenite contained the C atom in the central octahedral
pore, which, relative to the Si(Cr) and Mn atoms, was located in the
first and second coordinating spheres, respectively.

The analysis of calculation results reveals that the dissolution of
Siand Cr in manganese austenite leads to an increase in the stability
of the austenite phase, both according to the results from modeling
within the DFT and based on the findings from the thermodynamic
analysis. At the same time, the austenite phase is transferred to the
region of plastic materials according to the ratio of the volumetric
elasticity to shear modules of >1.75 (a B/G criterion). Determining
the density of electronic states shows that among the structures
studied, the lowest number of electrons at the Fermi level, which
indicates the highest electrochemical stability, is characterized by
manganese austenite alloyed by Cr.

The results of this study provide grounds for expanding the sys-
tems of alloying high manganese steels by introducing a significant
amount (up to 10 at. %) of Si and Cr, in particular for the application
of wear, shock, and corrosion-resistant coatings by the method of
electric arc surfacing.

Keywords: high manganese steel, first-principle calculations,
Mossbauer spectroscopy, alloying elements, wear-resistant coatings.
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The field of defense and security requires ballistic resistant ma-
terials for self-protection. Ballistic resistant materials must be able to
withstand projectile spin rate and absorb impact energy. A combination
of hardness on the surface and ductility on the other side is required to
make the projectile resistance plate. Hardness is required to withstand
the projectile rate, while ductility is required to reduce cracking, brittle
fracture and absorption of impact energy. The objective of this study is
to find the effect of the coil shape on microstructure and hardness distri-
bution on the steel plate that is carried out by surface hardening using an
induction machine. Medium carbon steel plate with the thickness 8 mm
is austenitized using the induction heating machine with coil dimension
and shape variations. Austenizing on the surface and rapid quenching
in oil media are up to 900 °C. A micro-observation was conducted on
quench plates and hardness distribution on their cross-section. The
result of microstructure observation and micro Vickers hardness test of
coil variation at a diameter 5 mm and with the number of turns of 2 and
3 is microstructures on all sides formed with martensite structure and
equal hardness on the entire cross-section, so that no surface hardening
formed. Micro-observations showed martensite structure on the surface
side and the ferrite and perlite structures are still visible on the middle
and lower sides using 8 mm diameter coils and 2 turns. The maximum
hardness is 497 HVN on the upper side surface and 257 HVN on the
lower side surface using an 8 mm diameter coil and 2 turns. An increased
hardness on one of the plate surfaces while maintaining the ductile on
the opposite side can be proposed as a candidate for a ballistic-resistant
plate through further research.

Keywords: heating coil, induction heating machine, surface
hardening, hardness distribution, ballistic material.
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The influence of electrolyte composition and electrolysis modes

on the surface morphology, growth kinetics, phase-structural state, and

mechanical properties of MAO coatings on the V95 aluminum alloy

(with Zn as the main alloying element) was studied. The possibility of
forming a continuous MAO coating on the V95 alloy with a base layer
thickness of more than 100 um and a surface roughness of less than 5 pm
was found. The study of the growth kinetics of MAO coatings on the
V95 alloy showed that the highest growth rate of the base coating layer



(about 0.83 um/min) occurs in the 1 g/L KOH+6 g/L Na,ySiO3 elec-
trolyte. Although an increase in the relative content of the silicate com-
ponent (NaySiO3) provides a fairly high growth rate of the coating, the
growth rate of the base layer remains rather low (0.38-0.40 um/min).
This makes the oxidation process in these electrolytes less technological.

The study of the phase-structural state of the base coating layer
showed that it has a crystalline structure, in which the main phase is
aluminum oxide y-AlyO3 (90-97 %). Crystallites of a-AlO3 and mull-
ite (3Al1,04-2Si0y) are formed as the second phase. With an increase
in process time in electrolytes with the highest relative content of the
alkaline component (1 g/L. KOH+6 g/ Na,SiO3), the relative content
of the hardest a-Al,O3 phase increases (up to 5 %). The hardness of such
coatings with an oxidation time of 180 minutes reaches 14,000 MPa.
Thus, the study has shown the advisability of using MAO treatment
for the V95 alloy, since it can significantly increase the surface hardness
and thereby guarantee its high wear resistance. The combination of high
hardness with a relatively high coating growth rate makes it possible to
recommend oxidation in the 1 g/L. KOH and 6 g/L. Na,SiOs electrolyte
as the most technologically advanced for improving the mechanical
characteristics of the surface of products made of V95 alloy.

Keywords: micro-arc oxidation, anode-cathode mode, electrolyte
composition, Al-Zn—Mg—Cu, thickness, phase composition, hardness.
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W-based superalloys are widely used as elements of drilling equip-
ment, high-speed steel cutting tools, or penetrators for armor-piercing
munitions. Used or broken superalloy products are valuable waste that
can be recycled to recover valuable components. The most economi-
cally and technologically viable method for recycling superalloy scrap
is a selective treatment with the dissolution of the binder metal and
the production of non-oxidized tungsten powder. The aim of this work
was to determine the possibility of anodic treatment of the VNZh90
superalloy scrap with the selective dissolution of the binder metal.
The anodic behavior of the VNZh90 superalloy (5 % Ni, 5 % Fe, 90 %
W) in HCl solutions with a concentration (wt %) of 9, 13, 17, and 30
was studied by voltammetry. It was shown that the anodic polariza-
tion curves of the alloy contained two dissolution peaks on a fresh
surface (Fe and Ni components of the binder metal) with a further
decrease in the current density. The effect of significant passivation of
the VNZh90 alloy was revealed: repeated polarization curves in a 9 %
HCL solution contained only the Ni dissolution peak with a 6-fold
reduced current density. The passivation of the VNZh90 alloy was
explained by the depletion of the surface due to the dissolution of the
active Fe component and the Ni passivation due to the W dissolution
during the formation of a superalloy. An increase in the HCI concen-
tration did not reveal an activating effect. It was found that there was



no activation effect when FeCls was added to the electrolyte. The
introduction of NaCl showed a high activation effect, and the dissolu-
tion current density of the passivated Ni component increased by 1.69
times. The efficiency of selective dissolution of the binder metal of the
highly passive VNZh90 alloy must be confirmed by the galvanostatic
or volt-static method.

Keywords: superalloy, passivation, anodic behavior, tungsten,

nickel, iron, selective anodic dissolution.
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The effect of reduction treatment in a high-temperature
(600 °C) hydrogen-containing environment on the microstructure
and tendency to brittle fracture of YSZ-NiO(Ni) materials for solid
oxide fuel cell anodes has been studied. To assess the crack growth
resistance of the ceramics, the Vickers indentation technique was
adapted, which allowed estimating the microhardness and fracture
toughness of the material in the complex.

The requirements for high porosity of the anodes to ensure func-
tional properties show that the strength may be an insufficient charac-
teristic of the bearing capacity of the anode. More structurally sensi-
tive characteristics are needed to assess its crack growth resistance.

The average levels of microhardness of YSZ-NiO ceramics in the
as-sintered state and YSZ-NiO(Ni) cermets (2.0 GPa and 0.8 GPa,
respectively) and their fracture toughness (3.75 MPa-m'/? and
2.9 MPa-m!/2, respectively) were experimentally determined.

It was found that the microstructure of YSZ-NiO(Ni) cermet after
redox treatment is formed by a YSZ ceramic skeleton with refined Ni-
phase grains combined in a network, which provides increased electrical
conductivity. Along with higher porosity of the cermet, its fracture
toughness is not lower than that of the one-time reduced cermet due to
the implementation of the bridging toughening mechanism of fracture.

The proposed treatment method allowed forming the microstruc-
ture of the anode material, resistant to crack propagation under me-
chanical load. The propensity of the anode material to brittle fracture
on the basis of evaluation of its crack growth resistance and analysis
of the microstructure and fracture micromechanism was substanti-
ated. This result is interesting from a theoretical point of view. From
a practical point of view, the developed technique allows determining
the conditions of redox treatment in the technology of manufacturing
fuel cell anodes.

Keywords: YSZ-NiO ceramics, redox treatment, indentation,
fracture toughness, fracture mechanism.
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A failure incident occurred on perforated casing tubing for geo-
thermal wells. The damage happened during the drilling process by
an air drilling technique after eleven days from the installation. Even
though air drilling is a common method for geothermal drilling, this
incident showed a lesson to learn to prevent a similar accident in the
future. Failure analysis based on the laboratory and field observation
was done to get the failure incident’s root cause. The visual identifica-
tion result showed a severe depletion and cracks in the tubing at a
depth of 1,450-1,500 m. Optical emission spectroscopy and the ten-
sile test showed materials appropriateness to the specifications. The
corrosion attacked from the outer side of the tube. This tubing was
exposed to an environment with significant HsS, CO,, water steam,
and oxygen from the air drilling process. The results of X-ray diffrac-
tion analysis (XRD) showed FeS and Fe3Oy in the corrosion product.
Both of the scale formed as a different layer, where the FeS is formed
below the Fe3Oy layer. The energy dispersive spectroscopy (EDS)
results revealed that each tubing’s sulfur content gets an increase in
the deeper location. The gas sampling result showed that H,S gas is
more dominant than CO, gas, which showed the sour service condi-
tion. Corrosion rate calculation modeling was also performed based on
the environment parameter; the result is lower than the real cases. The
oxygen from air drilling also accelerates the corrosion rate as it acted
as an oxidizing agent in the process. Free sulfur is possibly formed,
which is possibly transformed into sulfuric acid. This study showed
the lesson learn about the deadly combination of sulfur, oxygen, H,S,
and CO,, making a severe corrosion rate in the perforated tubing.

Keywords: corrosion, H,S, air drilling, failure, tubing, failure
analysis, carbon steel.
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PO3POBKA ITPUIIOIO AJIA JKAPOMIINHHUX CILJIABIB HA OCHOBI IHTEPMETAJIIZTY NI3AL (c. 6-19)

B. B. KBacuuupkuii, B. M. Kop:xkuxk, B. ®@. Kpacuuupkuii, I'. II. Msusnina, Yynsain yu, T. B. IIpsako, M. B. Marsienko,
€. A. Byrypasa

OpHUM 3 HallGiTIbII IEPCTIEKTUBHUX KOHCTPYKINITHUX Martepianis ra3oTyp6oOyyBaHHS € CIIaBY 3 PIBHOBICHOIO Ta HANPABJIEHOIO
CTOBGYACTOIO CTPYKTYPOIO Ha ocHOBI inTepmerastiny Tuiry NigAl. ITi MmaTepiaaun 103BOJSIIOTD MABUIMTH POOOYY TEMIIEpaTypy JOHATOK
1o 1220 °C. Jlonatku BUTOTOBJISIOTH METOJOM TOUYHOTO JIUTTS B BAKyyMi, ajie TIPU IbOMY He0oOXiHI TeXHOJIOTIuHi 3’ €/[HaAHHS COMIOBUX
JIONATOK Y 6JI0KH, 3apo6Ka 3HAKOBUX OTBOPIB OXOJIOJIKYBAHUX JIOTIATOK, BUMPABIEHHS 1e(DEKTIB JTHTTSI.

3BaploBaHHs TJIABIECHHAM iHTEPMETANIIIHUX MaTepiamiB, K 1 iHIMUX JUBapHUX KapoMinnnx HikexeBux cmiasiB (JKHC), e mae
MO3UTUBHUX pe3yJbrariB. ToMy HIMPOKO 3aCTOCOBYIOThCsI pidHi crocobu nasnus, sizomi sk TLP-Bonding (Transient Liquid Phase
Bonding). IIpuroi 3a ¢BOEI0 CyTTIO MAIOTh TeMIIepaTypy MJIaBJIeHHS HUKYe, HiK OCHOBHMIT MeTas. [0JI0BHOIO MPOBJIEMOIO TEXHOIOTIH
nasuusg JKHC HOBOro 1OKOHHA, 110 BKJIIOYAE 1 pO3POOKY BiATOBIAHUX MPUIIOIB, € MiABUIIEHHS (Hi3UKO-MeXaHIYHUX i eKerIyaTaiiiHux
BJIACTUBOCTEN CHAsTHUX 3’€IHaHb, GJIM3BKUX 10 BJACTHBOCTEN OCHOBHOTO METAILY.

Busnauyeno paiioHasibHe JleryBaHHS OCHOBU IIPUIIOIO 1 JielIPEeCaHTH, KPUTUYHI TeMIIepaTypu i TOBEPXHEBI BJIACTUBOCTI IIPUIIOIB, IX
XIMIYHUI CKJIJ], CTPYKTYPa Ta BIACTUBOCTI TASHUX 3'€/[HaHb, TAPAMETPH PEKUMIB i TeXHOJIOTIs nastHHs1. [[Jis migBUIeHHs cTabiabHOC-
Ti CTPYKTYPU 1 BUCOKOTEMIIEPATYPHOI MIITHOCTI ClIasHUX 3'€/[HaHb MPUIiii JeroBaHuil peniem i tantasom. Mexaniuni BUNpoOyBaHHsS
nasgHux 3'earanb npu remiepatypi 900 °C nposoannucs B Ykpaini, a npu temneparypi 1100 °C 8 KHP. BunipoGyBaHHs OKa3aIu, 1o
KOPOTKOYaCHa MIiIHICTh 3’€/IHAHB CIJIaBiB 3 piBHOBiCHOIO cTpyKTYypOoio rpu Temieparypi 1100 °C cranosuts 0,98 Big MiltHOCTI OCHOBHOTO
MeTadny. Tpusamia MinHiCTb IpH TiHl camiil TeMIiepaTypi BiiloBiZla€ BUMOTaM /10 MiI[HOCTi OCHOBHOTO MeTay.

KiouoBi cioBa: crmasni 3’eAHaHHS, MIKPOCTPYKTYpa 3’ €IHaHb, XIMIiUHUH CKJIaJZ, KOPOTKOUYACHA Ta TPUBAJA MIIHICTb, TEXHOJIOTIis
MasiHHs, TAHTAJ, PeHiii, 6op.
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MOPIBHAJbHUI AHAJII3 BTOMHOI KOHTAKTHOI MIITHOCTI IIOBEPXOHb, 3MIITHEHUX
OEMEHTYBAHHAIM TA IOHHO-IINTASMOBHUM A3OTYBAHHAM AVINIT N (c. 20-27)

0. B. Caranosuy, B. B. Ilonos, B. B. Caranosuu, C. ®. [Iyauik, B. I. BorocaaBues, M. I'. Cragnivenko, A. B. €aunoBuy

[Tposeeni NOPiBHAIBHI TPUOOTEXHIUHI BUIPOOYBAHHS Ha KOHTAKTHY BTOMHY MII[HICTh IIPU TEPTi KOYEHHS 3 TPOKOB3YBAHHAM 110~
BEPXOHb, 3MIITHEHUX [[EMEHTAIICI0 1 MJIa3MOBUM a30TyBaHHAM ABiHiT N. 3pasku micss memMeHTallii Maju TOBIIMHY 3MiI[HEHOTO MIapy
1,2 MM, a micJsi a30TYBaHHSAM TOBIIMHA 3MilHEHOTO mapy craHosuia 0,25 MM. BunpoOyBaHHs TPOBE/EH] i3 3aCTOCYBAaHHAM METO/LY
AKyCTUYHOI eMicii, skuii HaA3BUYAiHO Yy TIUBUIT IpU peecTpallil nepexoay pobotu TpubocucTeM Bl HOpMAIbHOTO (MEXaHOXIMIYHOTO)
3HOCY /10 HOYATKOBUX PYHHYBaHb MOBEPXHI BTOMHOTO XapaKTepy.

ITpoBeseHi BUNIPOOYBAHHS MOKA3aJIN, 0 yCEPEAHEHA KIMbKICTh IIUKJIB 10 TTOYaTKOBOTO PYIHYBAHHS BiJl BTOMY /IS 3pa3KiB, 3Mill-
HEHNUX 3a TEXHOJIOTI€0 a30TyBaHHs Avinit, Bumte B 1,82 pasn B mopiBHSHHI i3 3paskamu, 3MIIHEHIMN IieMeHTalieo. [nbnna momko-
JIKeHb Ha TTOBEPXHI I[eMeHTOBaHNX 3pa3KiB Morya snaxoanTnch B Mexax Bifx 0,01 10 0,027 MM B 3a71€/KHOCTI Bift liaMeTPy MOMIKO/KEHHS.
JLJ1st a30TOBAHKX TIOBEPXOHD TIMOMHA TOMKO/KEHD He TepesuiyBaia 0,003 mM.

CriliKicTb 10 BTOMHOTO 3HOIITYBaHHs (PyiiHyBaHHsI ) 3pa3kiB BU3Havaach 1o Bunpobysanusm Ha 6a3i 1000000 nuk/iB 3 KOHTAKTHH-
MU HaBAaHTAXKEHHSIMHU Gpax=1140 MIla, XapakTepHIMH U151 cepeANbOHABAHTAKEHNX TTOBEPXOHD. Pe3ynbratn BUMPOOYBaHb TOKA3AIIM,
0 iHTerpajgbHa GaraToIMKIOBA CTIHKICTH 0 BTOMHOTO 3HOUIYBaHHs (pyHHYBaHHs) 3pa3KiB, 3MII[HEHUX a30TyBaHHsM, OiIbII HiXK B
10 pasiB BuMIa, Hi’k 3pa3KiB, 3MII[HEHUX TIEMEHTAIII€IO0.

IIpoBezneni mocmijzkeHHs cBiguaTh Npo ePeKTUBHICTH BUKOPUCTAHHS iOHHO-IIJIA3MOBUX TEXHOJIOTII azoTyBaHHsA Avinit 3amicTb
IIEMEHTYBAHHS 3 METOIO TIBUIIEHHS KOHTAKTHOI MIITHOCTi TIOBepXHi metaseii. [Ipu mpbomy, cirij B3sATH 10 yBaru Taki mepeBaru IHie€i
TEXHOJIOTII, SIK 30epesKeHHsI PO3MIPiB Ta BUCOKOI YHCTOTH OGPOOKHU MOBEPXOHb, BHACIIIOK YOTO Bimagae HeOOXinHICTh iX MeXaHiuHOT
JNOPOOKHU TiCJst 3MIIHEHHS.

KimouoBi cioBa: Teprsi, KOYeHHS 3 IPOKOB3YBAHHAM IIOBEPXOHb, KOHTAKTHA BTOMHA MII[HICTb, Ta30Ba 1leMEHTAIlisd, IJ1a3MOBe a30-
TyBaHHS.
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AHAJII3 BIIVIUBY JIETYBAHH Si TA Cr HA BJJACTUBOCTI MAPTAHIIEBOTO AYCTEHITY HA
OCHOBI AB INITIO MOJAEJIIOBAHHA (c. 28—-36)

I1. M. Ipucsizkuiok, JI. C. lllnanak, I. M. Cem’sinuk, B. O. Koumo6uncokuii, JI. JI. Tpomyk, C. A. Kopuiit, B. I. Aptum

[TpoBeneno ominKy BIJMBY poduntennx Si ta Cr Ha KpUCTAJIIUHY CTPYKTYPY, AesKi MeXaHiuHi XapaKTepUCTHKK Ta CTabiabHICTh
MapraiieBoro aycrenity. TeopeTudni HOCaiPKeHHS TPOBOIUIN MIJISIXOM TIE€PIIONPUHIIMITHUX PO3PAXYHKIB y paMKax Teopii rycTuHu



dyukiionany (DFT) ans aycreHiTHUX CTPYKTYP, sAKi OYJI0 3MOAETHOBAHO Yy BUIJISAI HAATPATOK 2X2X2 Ha OCHOBI IpaHeleHTPOBaHOI
KyOiuHOT TpaTKu.

PoaMmillieHHst aTOMIB y MOJIEJIbHUX HAJATPATKAX MPOBO/IIIN 13 YpaXyBaHHIM €KCIIEPUMEHTAIbHIX PEe3yJIbTaTiB aHai3y MecOayepiB-
CBHKOTO CIEKTPY Ta PEHTIeHIBCLKOTO (Pa30BOro aHasi3y JOCIiIHUX CIJIABIB, 10 BiJIIIOBi1a0Th BUCOKOMaprauiieBuM crassiM. Haarparku,
K Bito6pakauin CTpyKTypY JIEroBaHoro aycreniry, mictuiau arom C y HenTpaabHiil OKTaeApuyHiil opi, KNIl 110 BIIHOMEHHIO 10 aTOMiB
Si(Cr) Ta Mn 6yB posramoBanuii y nepuriii ta Apyriil KoopauHaniiinux cdepax, BiIoBiaHO.

AHauniz pesyJbTaTiB po3paxyHKIB MOKa3ye, o posunHeHHs Si ta Cr y MapraHieBoMy ayCTEHITi IPUBOAUTH A0 30iIbIIEHHS cTa-
6ibHOCTI ayCcTeHITHOI (asu, K 3a pesy/abraTamu MojenoBaHHs B pamkax DFT, tak i 3a pesyabrataMu TePMOAMHAMIYHOTO aHAJI3Y.
TTpu nbomy aycrenitHa hasza mepexoAuTh B 00J1aCTh MJIACTUYHUX MaTepiasiB BiAMOBIIHO 0 CHIBBIHONIEHHST MiXK MOJYJISIMI 06’eMHOI
npyskHocTi Ta 3cyBy >1,75 (kpurepiit B/G). BusHaueHHst TyCTHHU €JIEKTPOHHUX CTAHIB IMOKA3YE, MO Cepejl AOCHIKEHUX CTPYKTYP
HAHHIIKYOI0 KiJTBKICTIO eJIeKTPOHIB Ha piBHi DepMi, sika CBIAYUTD PO HAWBUIILY €JIeKTPOXIMIUHY cTabiIbHICTD, XapaKTEePU3YETHCS Map-
TaHIeBUil aycTeHiT, seropannii Cr.

Pesynbratn mpoBefieHUX OCTI/KeHb AaloTh MiAICTAaBU /IS PO3IINPEHHS CHCTEM JIeTyBaHHS BHCOKOMAPTaHIEBUX CTalell IMIIAXOM
BBeJIeHHs 3HauHOi KisbkocTi (0 10 at. %) Si Ta Cr, 30kpeMa JIJIsl HaHeCeHHsI 3HOCO-, yIapo-, Ta KOPO3iHHOCTIIKUX TOKPUTTIB METOJIOM
€JIEKTPOZYTOBOTO HAILIABJIECHHS.

KirouoBi cioBa: BiiCOKOMapraHieBa CTajib, TEPIIONPUHIINITHI PO3paxyHKU, MecOayepiBCbKa CIIEKTPOCKOIIis, JIETYIOUi eJTeMeHTH,
3HOCOCTINKI TOKPUTTS.

DOI: 10.15587/1729-4061.2020.217297

AHAJII3 PO3MIPIB KOTYIIOK HA THAYKIIITHIN HATPIBAJIbHIN MAIIIUHI B 3AJIEXKHOCTI BIJI
MIKPOCTPYKTYPH I PO3MO/ILJIY TBEP/IOCTI B AKOCTI HOBOTO MATEPIAJIY CHAPAOCTIMKUX
CTAJIEBUX JIUCTIB (c. 37-44)

Helmy Purwanto, Mohammad Tauviqgirrahman, Muhammad Dzulfikar, Rifky Ismail, Purnomo, Ahnas Syifauddin

B oGmacTi 060poHu i Ge3neku A caMo3axMCTy MOTPiOHI GamicTHYHO CTilKI Marepiamn. BamicTmaHo CTiliKi Marepiasn moBHHHI
BUTPUMYBATH MIBU/KICTH 0OEPTaHHS CHAPS/A | MOTIMHATH eHepriio yaapy. st BATOTOBJICHHS CHAPSAOCTIHKOTO JIMcTa HeOOXiAHO TOE/T-
HAHHS TBEPJOCTI Ha TTOBEPXHI i MIACTHYHOCTI HA TIPOTUIIEKHINA cToOpoHi. TBepaicTh HeOOXiHA 1JIsT BUTPUMYBAHHS IBUAKOCTI CHAPSIA,
TJIACTUYHICTD — /IS 3MEHIIeHHsT PO3TPiCKYBaHHSA, KPUXKOTO PYHHYBaHHS i TOTJIMHAHHS eHeprii yzapy. MeTolo JaHOTO 0CisKeHHS
€ BU3HAYEHHS BIJINBY (POPMH KOTYIIKU HAa MiKPOCTPYKTYPY i PO3MOJiJ TBEPAOCTi Ha CTAJe€BOMY JIHCTI, sIKe 3/iHICHIOETHCS TISTXOM
TOBEPXHEBOTO 3MIITTHEHHS 3 BUKOPUCTAHHAM 1HAYKITi 01 Mamuuu. JIucT 3 ByremeBoi cTaji TOBIIMHOIO 8 MM ayCTEeHi3YETLCS 3 BUKO-
PUCTAHHAM iHIYKIIITHOI HATPiBAJbHOT MANTMHU 31 3MiHOI0 PO3MipiB i hopMU KOTYIIKU. AycTeHi3allist TOBePXHi i NIBUIKE rapTyBaHHS B
MacasgHux cepeposuinax gocsaraiotsb 900 °C. [IpoBenero MikpocmocTepiranHs 3a 3arapTOBAHNUMU JIMCTAMU 1 PO3IIOIJIOM TBEPAOCTI TIO X
MONepevyHoMy mepepisy. 3a pe3yJibTaTaMu CIIOCTEPEKEHHs MiKDOCTPYKTYPH 1 MiKpoTBepocTi 1o Bikkepcy 3i 3MiHOIO KOTYIIKY 1IPU jiia-
MeTpi 5 MM i 3 KiJIbKiCTIO BUTKIB 2 i 3, yTBOpEHi MIKPOCTPYKTYPH 3 yCiX OOKIB MalOTh MAaPTEHCUTHY CTPYKTYPY 1 OZAHAKOBY TBEPIICTD 110
BCbOMY IIOIIEPEYHOMY Iepepisy, TAKUM YMHOM IIOBePXHEBe 3MilHEHHS He YTBOPIOEThCA. MikpocrnocTepiraHHs 110Ka3aa0 MapTeHCUTHY
CTPYKTYPY Ha IOBepxHi, a hepuTosi i 1mepJriTHI CTPYKTYpH BCe 1l BUHO HA CePejiHiil i HMKHII CTOPOHAX 3 BUKOPUCTAHHAM KOTYIIOK
niamerpom 8 MM i 2 BuTkiB. Makcumasbha TBepaicTh ctanosuTh 497 HVN Ha BepxHiii 6iuniil mosepxwi i 257 HVN Ha HuskHil Giuniit
MOBEPXHI 3 BUKOPUCTAHHAM KOTYHIKK AiaMeTpoM 8 MM i 2 BuTKiB. [TigBuIIeHa TBEPAICTh HA OJHIN 3 MOBEPXOHD JHMCTA PHU 30epPeKEHHI
MJIACTUYHOCTI HA TPOTHJIEKHIN CTOPOHI MOKe OyTH 3alpPOTIOHOBAHA B AKOCTI GaliCTUYHO CTIHKOTO JMCTa MIJISXOM MOAANBITIX JOCTi-
JKEHD.

KirouoBi cioBa: HarpiBaspHUIN 3MIHOBHUK, iHAYKIM{iHa HarpiBaJbHa MaIlINHA, TOBEPXHEBE 3MIIHEHHS, PO3IOIIJI TBEPAOCTI, basic-
TUYHWI MaTepiaJ.
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BUABJEHHA 3AKOHOMIPHOCTEIT ®OPMYBAHHS ®A30BO-CTPYKTYPHOI'O CTAHY
I BJACTUBOCTE NOKPUTTIB, OTPUMAHUX MIKPOJIYTOBUM OKCUJIYBAHHAM
BUCOKOMIITHOTO CIIJIABY B95 (c. 45-54)

B. B. Cy66o0rina, O. B. Co6oun, B. B. Biiosepos

JlocmiizkeHo BILUIUB CKJIQMy €JIeKTPOJIITY i PEKUMIB eJIeKTPOJi3y Ha MOPGhOJIOTIIo MOBEPXHI, KiIHETUKY POCTY, (Pa30BO-CTPYKTYPHMIT
cran i Mexaniyni Biractuocti MJIO-1okpuTTiB Ha amioMiHieBoMy (3 OCHOBHHM eJIeMeHTOM JieryBantsi Zn) ciiasi B95. Beranosieno
MOsKIUBicTh hopmyBanus Ha ciuiaBi B9S cyminmbroro MIO-okputtsM 3 ToBIHHOI 6a3oBoro mapy Oisibire 100 MKM i moperkicTio
noBepxHi MeHuie 5 MkM. Jlocaizkents kinetuku pocty MJIO-nokputtis Ha criasi B95 mokasaso, 1o Haiibigbira MBUAKICT POCTY
6azoBoro mapy nokputts (6ins 0.83 mxm/x8) BinOysacthes B eektpoditi 1 v/1 KOH+6 r/a NaySiOs. 36iableHHS BiTHOCHOTO 3MicTy
cuaikaraoi ckianoBoi (NaySiOs) xoua i 7103BOJISIE AOCSATTH IOCUTh BHCOKOI IMBUIKOCTI POCTY TMOKPHUTTS, ajle IPHU 1bOMY HIBH/IKICTb
pocTy 6a30BOTO Mmapy 3ajumaeTbest BigHocHo HeBeankoio (0.380.40) mxm/xB. Ile pobuTh Mpoilec OKCHAYBAHHS B IUX €JIEKTPOJIITaX
MeHbII TexHoJoTiuHNM. Jlociipkents GazoBo-CTPYKTYPHOTO cTaHy 0a30BOTO IMapy MOKPUTTS MOKA3ajo, 1O BiH Mae KPUCTATidHy
CTPYKTYPY, B sIKiif 0cHOBHOIO (a3oio € okcun amominio y-AlyOs (9097) %. B skocti apyroi dasu dopmyorsest kpucramitn o-AlyOs i
myatity (3Al503-2S109). 3i 36iabIIeHHSIM Yacy MpoIecy B eJeKTpoiTax 3 HaHOIIbIIMM BIIHOCHUM BMIiCTOM JIysKHOT ckIanoBoi (1 1/
KOH+6 /a1 NaySiO3) BinbyBaeTbest miABUIIEHHS BiIHOCHOTO BMicTy Haitbimbir TBeproi dasu a-AlyO3 (10 5 %). TBepaicTb Takux 1mo-
KpUTTiB pu TpuBayocti okcuaysanus 180 xsusun gocsarae 14000 MIla. Takum unnoM, TpoBeieHe JOCTiIPKEHHS TOKa3aJI0 AOIIJIbHICTD



sacrocyBanisgs M/1O-06pobku ais crtaBy B95, ockinbku 1151 06poOKa J03BOJISE 3HAYHO T ABUIUTH TBEPAICTD TOBEPXHI i THM caMUM
rapaHTyBaTH ii BUCOKY 3HOCOCTIiiKicTh. [loeqnanns BUCOKOI TBEPJOCTI 3 Bi[HOCHO BUCOKOIO MIBUIKICTIO POCTY TOKPUTTS JO3BOJISAIOTDH
pekomenayBaT okcuayBanig B exexrpositi 1 v/1 KOH i 6 r/1 NaySiOs gk Haiibiabin TeXHoIoriuHe A MABUIEeHHs MeXaHiyHIX Xa-
paKTepUCTUK NOBEPXHi BUPOOIB 3i criasy B95.

KaiouoBi ciioBa: MiKpoayrose OKCUIyBaHHs, CKJIajl enekTposity, Al-Zn—Mg—Cu, Tosuiuna, $hazoBuil CKJaj, TBEPAICTb.
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BUBYEHHS AHO/HOI HOBEJIHKHA BOJIb®PAMOBOI'O TBEP/IOTO CILIJIABY 3 METOIO
EJEKTPOXIMIYHOI CEJIEKTUBHOI IEPEPOBKH (c. 61—66)

B. JI. KoBanenko, B. A. Kotok

Teepai crraBu Ha ocHoBi W IIMPOKO BUKOPHCTOBYIOTHCS SIK €JIeMEHTH OYPOBOTO YCTATKYBAHHS, iHCTPYMEHTH IIBUAKICHOTO Pi3aHHst
cranu, ik 6poHebiiiHi cepaedHuKM 1miKaxibepHux cHapsAiB. Bignpanbosani abo 31amani BUPOOH i3 TBEPAUX CILIaBIB € KOMITOBHUM Bijl-
XOJIOM, IO MijIArae nepepoOIli 3 BUAYYEHHSIM KOMTOBHUX KOMIIOHEHTiB. Hailbinbine eKOHOMIYHO i TeXHOJIOTTYHO JOIIIBHAM METOAOM
mepepobKu JIoMa TBEPANX CIUIABIB € celleKTHBHA 06p0oOKa 3 PO3UMHEHHSIM METANy-3B'sI3KU 1 OJIEPKAHHIM HE OKHCJIEHOTO MOPOTIKY
Bosib(pamy. MeToio garoi poboT OyJI0 BUSHAUEHHS MOKJIMBOCTI aHOAHOI epepobku joma Teepaoro ciiasy BHXK90 i3 cenextunrmnm
PO3YMHEHHSIM MeTasly-3B's3Ki. MeTo/oM BoJibraMiiepoMeTpii BUBYeHO aHojHe nmoseiinky TBepzoro ciuiasy BHIK90 (5 %Ni, 5 %Fe,
90 % W) y posunnax HCI 3 xonuenrpariieo (mac. %) 9, 13, 17 i 30. [Tokasano, 1110 aHOAHI MOISPU3AIiiHI KPUBI CIIABY Ha CBIXKIN 110-
BepxHi MicTaATh /Ba miku pozunHenHs (Fe i Ni koMIIOHEHTIB MeTasy-3B’43KH1) 3 NOJAJIBIINM 3HIDKEHHSIM T'YCTHHM CTpyMy. Bussieno
edekr icrornoi nacusanii crziapy BHK90: nmosropui nosstpusartiiini kpusi 89 % posunui HCL mictsrs Tinbku nik posunuenns Ni 3i
3HMKeHOI B 6 pasis rycrunow crpymy. [lacusanis ciiay BHIK90 nosicHioeThest 30iiHIHHAM MOBEPXHI 32 PaXyHOK PO3UMHEHHS AKTHB-
Horo Fe xomnonenra i nacusariieio Ni 3a paxyHok posunuentst W npu ¢popMyBanHst TBepOro crasy. IIpu 36iibineHni KoHIeHTpaIii
HCI ue BusiBuiio aktuByiovoro edekrty. BusiBieno BigcyTHicTs aktuBaiiiinoro edexty npu BBejgeHHi B esaektpodit gobasku FeCls.
Beenenns NaCl mokasano Bucokuii akTuBamiiinuii eekT — rycTHHA CTPyMy PO3YMHEHHS MacuBOBAHOTO Ni KOMIIOHEHTY 30i1bIInBCs
B 1,69 pasiB. EQeKkTUBHICTD CEJEKTUBHOrO PO3YMHEHHST METaIy-3B’13KN BucokomacusHoro crrasy BHIK90 neobxiano miarsepaurn
rajbBaHo- a60 BOJIBTACTATHYHUM METO/OM.

KiouoBi cioBa: TBepanii cIiyiaB, HacuBaIlist, aHoHE TOBEIiHKa, BOIbGpaM, HiKeJb, 3aJ1i30, aHO/HE CeTeKTUBHE PO3UNHEHHS.
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ONIHIOBAHHA BIVIMBY REDOX-ObPOBKU HA MIKPOCTPYKTYPY TA CXUJIBHICTDb 1O
KPUXKOTO PYITHYBAHHSI AHO/THUX MATEPIAJIIB CUCTEMHU YSZ-NiO(Ni) (c. 67-77)

Bb. /1. Bacuxis, B. B. Kymuk, 3. A. /lypsrina, /I. MexBiubcki, T. M. Ko6aciok, T. JI. Tenaa

JlocaipKeHo BILUIMB BiAHOBIIOBAIbHOI 00poOKu y Brucokoremieparypaomy (600 °C) BoaeHbBMICHOMY CEPEIOBUII HA CTPYKTYPY i
CXMJIBHICTD JI0 KPUXKOTO pyiiHyBaHHs MaTepianiB YSZ-NiO(Ni) s aHoAiB TBepZOOKCH/HUX MAJTUBHUX KOMIipoK. /lust oniHIOBaHHS
onopy pyHHYBaHHIO KePaMikM a/[allTOBAHO METOAMKY iHAEHTYBaHHS 3a BikepcoM, 110 [03BOINIIO B KOMILJIEKCI OI[IHUTH MIKPOTBEPAICTD
i B'I3KicTb pyiiHyBaHHs MaTepiaury.

BuMorn moao BUCOKOT MOPyBaTOCTI aHOAIB 1715t 3a0e3neueHHst GyHKIIIOHATbHUX BJIACTUBOCTEN MOKA3y0Th, 110 MIIHICTh MOKe OyTH
HEJIOCTATHBOIO XaPAKTEPHCTUKOIO Hecydol 3aaTHoCT anoxa. [ToTpibHi CTPYKTYpHO-4yTIMBIII XapaKTEPHCTHKI [T OMIHIOBAHHS HOTO
OTI0pY PYITHYBaHHIO.

ExcrnepuMenTanpHo BU3HAUEHO cepeHi piBHI MikpoTBepaocTi kepamiku YSZ-NiO y Buxianomy ctani ta kepmeTiB YSZ-NiO(Ni)
(2,0 TMa i 0,8 I'lla BigmoBinmo) i ix B’askocTi pyitnysamns (3,75 MIla-m'/2 i 2,9 MIla-m!/2 Bizmosizmo).

Beranosaeno, mo crpykrypy kepmery YSZ—NiO(Ni) micast redox-06pobkn hopmye kepamiunmii kapkac YSZ i3 noapiGHenumMu sep-
Hamu Ni-hasu, 00’eiHAHIMU B MEPEIKY, 1110 3a6e3Medye MiABUIIEeHY eJeKTPOTPOBIAHICTD. 3a BUIIOT HOPYBATOCTI KepMeTy Horo B'sI3KicTh
pyHHYBaHHs He HIKYA 32 OJHOKPATHO BiIHOBIEHOTO 3aBISIKN Peasi3allii MeXaHiaMy ITi[BUTIEHHS B I3KOCTi PYIHHYBaHHS MiCTKYBaHHSIM.

3anpornonoBanuii crmoci6 06pobku 103BOIUB cHOPMYBATH MIKPOCTPYKTYPY AaHOIHOTO MaTepialy, TPHBKOTO [0 MOMUPEHHS TPIiliH
miz MexaHiyHUM HaBaHTa)keHHAM. OOTPYHTOBAHO CXMJIBHICTH MaTepialy aHoja 10 KPUXKOTO PyHHYBaHHS Ha MifcTaBi OIiHIOBaHHS
11Oro TPINUHOCTINKOCTI Ta aHali3y MiKPOCTPYKTYpPH i MikpoMmexaniamy pyiinyBanus. Ileil pe3ybrar € mikaBUM 3 TEOPETUYHOI TOUKU
30py. 3 IPAKTUYHOI TOUKU 30pY PO3POOIEHa METOAMKA 03BOJISIE BUSHAUNTH YMOBU redoX-06p0OKH B TEXHOJIOTIT BUTOTOBJIEHHS aHO/IB
MaJIUBHUX KOMiPOK.

Kimouosi caoa: kepamika YSZ—-NiO, redox-o6po6ka, iHaeHTyBaHHS, B'A3KICTb PYHHYBAHHS, MEXaHI3M PYIHYBaHHSI.
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AHAJII3 IOMKOAKEHHA TEOTEPMAJIbBHUX IEP®OPOBAHUX OBCA/IHUX TPYB B CEPE/IOBUIII],
IO MICTUTD H,S I O, (c. 78-85)

H. Prabowo, Y. Pratesa, A. Tohari, A. Mudakir, B. Munir, J. Soedarsono
BinGynmock momkomkennss mepdoposannx o6caiHuX TpyO AT TeoTepMalbHUX CBEPANOBHH. [OMKOMKEHHST CTamocsl B MPoIeci

MHEBMOYIaPHOTO OYPiHHS Yepe3 OAMHAAIATL AHIB Micas yctanoBKU. He3Baskaouu Ha Te, 10 TTHEBMOYIapHOoe OYPIHHS € TOUMPEeHIM
METOJ0M IeoTepManbHOro OypiHHs, AIaHUH IHIUAEHT MOKa3aB ypPOK, KU HeOOXiAHO 3acBOITH /s 3amobiranus moxiOHuX aBapiii B




MaiibyTapomy. Ha ocHOBI 1a60OpaTOPHUX Ta TOJBOBUX CIHOCTEPEKEHD MPOBEXEHO aHAII3 /T BCTAHOBJIEHHS MEPIIONPUYUHI MOIIKO-
JokenHst. Pesysbrar BisyanbHoi izentudikalii nokasas cuabHe BUCHaKeHHs 1 Tpimumuu B TpyGax Ha ranbuni 1450—1500 m. Bianosiano
JI0 ONTUYHOI eMiciiiHoi criiekTpockonii Ta BUIPoOyBaHHs Ha PO3TATYBaHHsI, MaTepiaau Bianosiganu texuiunnm sumoram. Koposis na-
crasa i3 30BHIIHBbOTO 60Ky Tpy6u. Ilg Tpyba nijnabasacs BIUIMBY HABKOJUIIHBOTO cepepoBuia 3i snaunum sMictom HyS, COy, BogsaHOT
napy i KUCHIO B Ipoileci THeBMOyAapHOTO OypiHHs. PesyibraTi peHTreHocTpyKTypHOro ananisy (PCA) mokasanu HasBHicTh FeS i
FesOy B npoaykti koposii. O6uaBi oKaauHu yTBOPEHi y BUTJIsiAL OKpeMoro mapy, ne FeS yreopioerbest Huskue mapy FesOy4. Pesyabratu
eneproaucnepciiinoi crekrpockonii (EJIC) mokasanu, 1mo BMICT Cipku B KOKHIN TpyGi 361ablIyeThest B Mipy MOTINGIEHHS. 32 Pe3yJib-
taramu Binbopy npob, Bmict razy HsyS nepesaxae vag COy, 0 CBIAYMTD PO €KCILIyATAIlil0 B KUCJIOTHUX yMOBaX. [IPOBOAMIOCS TAKOXK
MOJIEJIIOBAHHS MIBUAKOCTI KOPO3ii Ha OCHOBI IapaMeTpa HaABKOJUIITHBOTO CEPEJOBUIIA; PE3YIbTAT BUSIBUBCS HIDKUNM, HI)K y PeabHUX
Bunajgkax. Kucenp Bij mueBMoyaapHoro 0ypiHHs TakosK 301IbIIy€E MBUAKICTH KOPO3ii, OCKIJIbKU BiH /i€ sIK OKUCIIOBAY B IIbOMY MPOIEC.
MoskIuBe yTBOPEHHS BIIBHOI CIpKM, sIKa, MOKJINEBO, EPETBOPIOETHCA B CipuaHy KMCIOTY. /laHe TOCTiKEHHS TIOKA3a10, o 3ry0He 1T0-
ennanus cipku, kucHio, HyS i CO4 BuKimMKae cuiibHy Koposito B mephopoBaHux Tpybax.
KuaouoBi cioBa: xoposist, HyS, nmueBmoyaproe Oypittsi, OMKOKEHH, Tpyba, aHasi3 MOIKOIKEHb, BYTJeleBa cTalb.



