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AHOTAIIII

Jlobau K.B. «KepamiuHi MarepiaJii Ha OCHOBI KapOigy KpEeMHIKO [JIsi aTOMHOIi
CHEPTeTUKI.

Kamidikariitna HaykoBa Tparisi Ha MpaBax PyKOIHCY.

Hucepraiiiss Ha 3700yTTS HAYKOBOTO CTymHeHs KaHaumata (jokTopa dimocodii)
TEeXHIYHUX Hayk 31 crmemianbHocTi 05.17.11 — TexHONOoris TYromjaaBKUX HEMETaTIdYHUX
MarepiaiiB. — HalioHaapHUM TEXHIYHUNA YHIBEPCUTET «XapKIBCHKUN MOMITEXHIYHUI
1HCTUTYT», XapKiB, 2021 p.

Hucepraiiiiina poOoTa cnpsiMOBaHa Ha BJOCKOHAJICHHS HAasBHUX 1 BIIPOBAKCHHS
HOBUX I1HHOBAIIIMHUX TEXHOJOTIH 1 MarepiaiiB fKi O J03BOJMIM PEAKTOpaM aTOMHHUX
CTaHLIM CTaHYTH OLIbII O€3MEYHUMH HABITh Y pa3l BAHUKHEHHS aBapiiiHUX CUTYaIli}.

PoGoTa mpucssiuena po3po0iii TEXHOJIOT1i oTpuMaHHs 6e3nopuctoro SiC-martepiany 3
MIJIBUIIICHUM KO€(iIIEHTOM TPIIIMHOCTIMKOCTI Ta MOJIMIICHOK KOPO31MHOI CTIHMKICTIO B
PEaKTOPHUX YMOBax, KM MOXe OyTH BHUKOpHCTaHM sk Martepian SiC-maTpuil B
SiC/S1C xomno3uTax Jijisi BATOTOBIEHHSI 000J0HOK TeroBuAUIsIIounx enemenTis (TBEJD),
a TaKOX Yy SKOCTI MEXaHIYHO MIIHOTO 1 CTIMKOrO JO0 Y-ONMPOMIHEHHIO 3aXHCHOTO
Marepiany ajsi KOHTEHHEpIB BUCOKOAKTMBHHMX BIIXOJIB 1 BIANPALOBAHOIO SAEPHOIO
najuBa.

AKTyaJbHICTh TEMH Ta BarOMICTh PE3YJIbTATIB AUCEPTALlli MIATBEPAKYETHCS TUM, IO
BOHA BUKOHYBAJIaCh B MeXaX HAYKOBO-JIOCIIIIHOT TEMaTUKH Ta MpoeKkTiB HarioHnaasHOTO
HAyKOBOTO IEeHTPY «XapKiBchbkui (izuko-TexHiunuii incturym™» HAH Ykpainu.

JIOCTOBIpHICTH Ta OOIPYHTOBAHICTh OJEPKAHUX PE3YNbTATIB AUCEPTALIHOI poOOTH
JOCATAETHCSI BUKOPUCTAHHSM Cy4aCHOTO OOJaJiHaHHS; CTAaHAAPTHUX METOAMK BU3HAUEHHS
BJIACTHBOCTEH; aHAIII30M OTPUMAHUX EKCIIEPUMEHTATBFHUX JaHUX Ta X CUCTEeMAaTU3AIlI€l0.

B po0oTi MeToAOM BHCOKOUIBUIKICHOTO Tapsyoro MpecyBaHHA OTPUMAHO JOCIIJIHI
3pa3Kku JJIs BUBYCHHS (hOpMYBaHHS OE3MOPUCTOI CTPYKTYpH B 4MCTii (0e3 nobaBok) SiC-
kepawmimi, B giamazoni temnepatyp (T = 1850 — 2100) °C, yacy Burpumku (t = 10 —45)
xBwIKH, TUCKY P = 40 MIla ta mBuakocti HarpiBauds V = 200 °C/xB. Bcranosineno, 1o
SiC-kepamika, ska oTpuMaHa Mpu Temmeparypi cmikanas T = 2050 °C, TuCKy

P =40 MIlIa, mBuakocti V = 200 °C/xB Ta 4yaci BUTpUMKHU Tij TuckoMm t = 30 XBUIUH
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chopMoBaHa 3 OE3MOPUCTOI, MOHOJIITHOI Ta OAHOPIAHOT CTPYKTYPH 3 O3HAKAMHU KPUXKOTO

pYWHYBaHHS, Ma€ BUCOKY HIUIBHICTB (10 99,4 % Bia TeopetnuHoi), TBepaicty — 27,3+0,5
I'TIa Ta xoedirieHT TpimUHOCTIHKOCTI 4,3 MPa-m*2,

PosrnsgHyta MOXXIUBICTH MOJIMIIEHHS KOEPIIIEHTY TPIIIMHOCTIHKOCTI MUISIXOM
BBEJICHHSI HEBEJMKOi KUIBKOCTI J00aBOK Ta BHMBYEHHSI iXHBOTO BIUIMBY Ha (i3uKO-
MexaHiuHi BractuBocTi SiC-kepamiku. JlocmimpkeHo BIuB qo6aBok Cr (y giama3oHi Bif
0,3 no 1,2 mac. %) Ha MexaHi4H1 BracTUBOCTI SiC-kepamiku. BcTtaHoBieHa onTuMalibHa
KiIbKICTh Jq00aBku xpomy (0,5 mac. %), 3a sxoi SiC Mae Hadkpalie CIiBBIIHOIICHHS
3Ha4YeHb TpiMUHOCTIHKOCTI W MikpoTBepaocTi (HV/K.=4,5). [lokazaHo, 1o J10/1aBaHHs
Cr mpu3Bojie 10 MiABUIINCHHS TpimuHocTiHKocTI Ha (25 — 30) % (K. = 6,2 MHa-Mllz), B
nopiBHsHHI 3 SIC 0e3 100aBOK, IpH 30€peKEHHI BUCOKOTO PiBHSA TBEPAOCTI 31 3HAYCHHSAM
28,0 I'Tla. ocmimkeHo ¢opmyBanHs Ta posmoain Cr y crpykrypi SiC. Busdeno
MexaHi3sMH (popMyBaHHs ApiOHoaucnepcHuX KapOigHux croiyk (CryCy), skl cOpuUsIOTH
BUHHKHEHHIO BTOPUHHUX (a3 Ta MIABULIEHHIO TPIIIUHOCTIMKOCTI MaTepiaiB.

Otpumani pe3yiabTaTH MOXYTh OyTH BpaxoBaHI Ta 3HAYHO BIUIMHYTH Ha BHUOIp
MaTepiamiB Ta TexHoJorito BupoOHHUNTBa SiC-matpuni B SiC/SIC kommosurax st
BUroTOBJIeHHsST 00070HOK TBEJIiB BOJ0-BOASIHUX SIIEPHUX PEAKTOPIB, OCKUIBKU ICHYE
npo0JieMa BUTOTOBJICHHS TOHKOCTIHHHUX TPYOOK (000J10HOK) 3 KpuxKoi kepamiku SiC, ska
Ma€ HU3bKI 3HAUEHHS KOe(ill€HTa TPIILIMHOCTIMKOCTI.

JIoCiKEeHO MOXKJIMBICTD MIIBHINCHHS KOPO3iHHOI CTIHKOCTI SIC-KepaMiku IIISTXOM
BBeIeHHS 006aBok Cr B yMOBax, 110 IMITYIOTh BHYTpIIITHE cepenouiine peakropy BBEP-
1000. BwuBueni wmexani3mMu BBy Cr Ha 0COOJMBOCTI KOpPO3IMHOTO MpOIIECY.
3adikcoBano mpupict macu SiC 10 3,27 Mr/cM® Ha MOYATKy KOPO3ifHHX BHIPOOYBAHHSX,
IO MOKpaIllye Kopo3iiHy criikicte SIC y rigpoTepMalibHUX yMOBax. BCTaHOBIECHO, IO
BBeaeHHs 0,5 mac. % Cr npusBoauth 10 (QopMyBaHHA CTpykTypu noBepxHi SiC 3
TMIOJTIMIIIEHOI0 KOPO31MHOI0 CTIMKICTIO 1 € TIEPCTIEKTUBHUM TEXHOJIOTTYHUM PIIICHHAM ISt
JOCSITHEHHSI HEOOX1THOTO PiBHA KOpPO31iHOi cTIHKOCTI SiC y peakTOpHUX YMOBAaX.

[TpoBeneni pamiamiiini  BumpoOyBaHHs Kkepamiunux 3paskiB  SiC(0,5%Cr), 3a
JIOTIOMOTOI0 TaIbMiBHOTO BHIIPOMIHIOBAHHS Y-KBAaHTIB 0 mormuaeHoi qo3u 2-10° Ip, mo

BIJINOBIJIa€ JTO30BOMY HAaBAaHTAXEHHIO Ha MaTepial KOHTeiHepa mnpu 30epiraHHi
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pamioakTuBHUX BigxomiB mpoTsrom 300 pokiB, BigmoBimHO 10 BuUMOr MATATE.

[lokazano, mo BBeneHHs 0,5 mac. % Cr He NpPU3BOAUTH A0 3HMXKEHHS CTPYKTYPHOI
IIUTICHOCTI Ta MEXaHIYHOI MIIHOCTI KepaMiku SIC micist Y-ONMPOMIHEHHS JI0 MOTJIMHECHOT
no3u 2-10° I'p. ExcriepuMeHTanbHO BCTaHOBIEHO, mo kommosut SiC(0,5Cr) moxe 6yTn
BUKOPHUCTAHUH K MaTepiall KOHTeHHepY 1 Oe3neunoro 3axopoHeHHs BAB ta BAII.

OcHoBHI MaTepiany AUcepTallii MOBHOIO MIPOIO BUKIIAJCHI B 14 HayKOBHUX mparix. 3
HUX 7 craredl Ta 7 Te3 JOMOBiJIeM Ha MIDKHAPOJHHUX HAyKOBUX KOH(epeHIisx. Yci
3a3HAuYCHI CTATTI OMyOJiKOoBaHI y ()aXxOBUX BHJAHHSX, IO BKJIIOYEHI 10 MIKHAPOJIHHUX
HayKoBoMeTpuuHUX 0a3 Scopus Ta Web of Science.

1. JlIobau K.B. Ilpumenenune wmeToja 3JIEKTPOKOHCOIMAAIMHU JJIsi TOJTYYEHUS
kepamuku Ha ocHoBe ZrO; — 3 % Y,03 / [JIo6au K.B., Cacako C.1O., Cerimunsiii E.A.,
CypkoB A.E.] // Tlutanus aromHOi HaykH i TexHikn. — XapkiB: HHI XTI, 2011. — 76(6).
- C. 99 -102.

2.Jlobau  K.B. YcTaHOBIICHME ~ ONTUMAJIBHBIX ~ MapaMeTpoB  Mpoliecca
ANEKTPOKOHCOMMAAMKU Il mnoiyudenus kepamuk HfB, u ZrB, / [Jlobau K.B.,
Caenxo C.1O., Csernmnunbii E.A., CypkoB A.E.] // 30ipHuk HaykoBux mnpaub BAT
«YKPH/IIBoruerpusiB iM. A.C. bepexxnoro». — Xapkis: Kapasena, 2012. — No 112. — C.
141 — 146.

3. Lobach K. Improvement of Microstructure and Mechanical Properties of High
Dense SiC Ceramics Manufactured By High-Speed Hot Pressing / [Voyevodin V.,
Sayenko S., Lobach K., Tarasov R., Zykova A., Svitlychnyi Ye., Surkov A., Abelentsev
V., Ghaemi H., Szkodo M., Gajowiec G., Kmiec M., Antoszkiewicz M.] // Problems of
Atomic Sciens and Technology. — Kharkiv: NSC KIPT, 2017. — 108(2). — S. 97 — 102.

4. Lobach K. Optimisation of Properties of Silicon Carbide Ceramics With the Use of
Different Additives / [Lobach K., Kupriiyanova Y., Kolodiy I., Sayenko S., Shkuropatenko
V., Voyevodin V., Zykova A., Bykov A., Chunyayev O., Tovazhnyanskyy L.] //
Functional Materials. — Kharkiv: Scientific and Technological Corporation “Institute for
Single Crystals”, 2018. — 25(3). — S. 496 — 504.

5. Lobach K. Physical-Mechanical Properties of y-irradiated SiC Ceramics for
Radioactive Wastes Immobilization / [Lobach K., Sayenko S., Shkuropatenko V.,
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Voyevodin V., Zykova A., Bereznyak E., Hodyreva Y., Bykov A., Bykanov S.,

Tovazhnyanskyy L.] // East European Journal of Physics. — Kharkiv: V.N. Karazin
Kharkiv national university, 2018. —5(4). — S. 40 — 47,

6. Lobach K.V. Corrosion resistance of ceramics based on SiC under hydrothermal
conditions / [Lobach K.V., Sayenko S.Yu., Shkuropatenko V.A., Voyevodin V.M.,
Zykova A.V., Zuyok V.A., Bykov A.A., Tovazhnyanskyy L.L., Chunyayev O.M.] //
Materials Science. — New York: Consultants Bureau Plenum Publishing Corporation,
2020. — 55(5). — S. 672 — 682.

7. Lobach K. Research and development of novel materials for accident tolerant fuel
cladding of nuclear reactors / [Lobach K., Kuprin A., Sayenko S., Voyevodin V., Kolodiy
I.] // East European Journal of Physics. — Kharkiv: V.N. Karazin Kharkiv national
university, 2020. — 4. - S. 75 — 83.

8. JIobau K.B. Oco0omioTHbie KepaMUYECKUE MaTepHualibl Ha OCHOBE KapOWJIOB U
O0opuI0B, MoiaydeHHble MeToAoM aekTpokoHconuaau / [Caenko C.1O., Cernuuynuit
E.A., Jlobau K.B., I'pubo C.M.] // TexHomorus W TNPUMEHEHHE OTHEYIIOPOB |
TEXHUYCCKON KEepaMUKH B MPOMBINUICHHOCTH: MeXIyHap. Hayd.-TexH. kKoH(]., 29 — 30
arnpenst 2014 r.: Te3uck goki. — Xapbkos, 2014. — C. 56 — 57.

9. Lobach K. Determination of Optimal Parameters of High Density SiC Ceramics
Manufactured by High-Speed Hot Pressing / [Lobach K., Voyevodin V., Sayenko S.,
Tarasov R., Svitlychnyi Ye., Surkov A., Abelentsev V., Zykova A., Ghaemi H., Szkodo
M., Gajowiec G., Kmiec M., Antoszkiewicz M.] // TlpoGnemu cydacHOi siepHOT
enepretuxku: Xl MixHap. HayK.-TeXH. KOH(. Mojoaux BYeHHMX Ta axiBmiB, 16 — 18
nmucronana 2016 p.: re3u gon. — Xapkis, 2016. — C. 7 — 8.

10. Jlobau K.B. UccnenoBanue BAMSHUS aKTUBATOPOB Ha MPOLECC CIEKAaHUS U
CBOWMCTBa KepaMUKH Ha ocHOBe KapOuma kpemuus / [Jlobau K.B., Caenko C.IO.,
Ceermmmunbiii E.A., 3bikoBa A.B., Uynses O.H., beikoB A.A., Acpusin A.A.] // TIpobaemu
cyuyacHoi sigepHoi eHepretuku: Xl MixHap. Hayk.-Te€XH. KOH(. MOJOAMX BYEHUX Ta
daxismiB, 18 — 20 xosTtHs 2017 p.: Te3u gom. — Xapkis, 2017. — C. 18 —-19.

11. Lobach K. Improvement of Silicon Carbide Ceramics Mechanical Properties
by Different Additives / [Lobach K., Sayenko S., Shkuropatenko V., Voyevodin V.,
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Zykova A., Bykov A., Chunyayev O., Tovazhnyanskyy L.] // Advanced Materials and

Technologies: From Idea to Market: 10-th International Conference, 24 — 26 October
2018: Book of abstracts. — Ningbo (China), 2018. — S. 68.

12. Lobach K. Studying the influence of y-irradiation on physico-mechanical
properties of hot-pressed SiC (Cr, Si) composites / [Lobach K., Sayenko S.,
Shkuropatenko V., Voyevodin V., Zykova A., Bereznyak E., Hodyreva Y., Bykov A,
Chunyayev O., Tovazhnyanskyy L.] // IIpobiaemu cyuacHoi saepHoi enepretuku: XIV
MixHap. HayK.-Te€XH. KOH(}. Monoaux BueHHX Ta (axiBiis, 14 — 16 nucromanga 2018 p.:
Te3u jpom. — Xapkis, 2018. — C. 4 - 5.

13. Lobach K.V. The influence of Cr additives on corrosion resistance of SiC-based
ceramics in hydrothermal conditions / [Lobach K.V., Zuyok V.A., Chunyayev O.M.] //
[Ipobiemu cydacHoi sjuepHoi eHepreTuku: XV MixHap. HayK.-TeXH. KOHG. MOJOAMX
BUeHUX Ta axiBiiB, 13 — 15 mucronana 2019 p.: te3u nom. — Xapkis, 2019. — C. 15.

14. Lobach K. Corrosion resistence of SiC(Cr) ceramics composite in hydrothermal
conditions / [Lobach K., Kolodiy I, Sayenko S., Voyevodin V., Zuyok V.] // Kopo3sis —
2020: XV Mixnapoana koHpepentis, 15 — 16 xostasa 2020 p.: Te3u gom. — JIsBis, 2020.
—C. 57.

Knrwouosi cnosa: TonepaHTHE sIepHE MalMBO, aBapis 3 yTPATO TEIJIOHOCIS,
terutoBuaistounid enement (TBEJI), kap6in kpemniro (SiC), metanesuit xpom (Cr), SiC-
matpuis, SIC/SIC  kommnosut, peakrop BBEP-1000, rigpoTepmaibHa KOpO3is,

pal0aKTUBHI BiIXOIH.



ABSTRACT

Lobach K.V. "Ceramic materials based on silicon carbide for nuclear energy.

PhD thesis on the manuscript rights.

This thesis is devoted to the scientific degree of the candidate of technical sciences
(PhD) on a specialty 05.17.11 — technology of refractory nonmetallic materials. — National
Technical University "Kharkiv Polytechnic Institute”, Kharkiv, 2021.

This dissertation is dedicated to the improving of the existing and implementation of
the new innovative technologies and materials that could allow nuclear power plant
reactors to be safer even at the of emergency events.

This thesis is devoted to the development of technology for obtaining non-porous
SiC-based material with high fracture toughness and improved corrosion resistance in
reactor conditions, which can be used as a material SiC-matrix in SiC/SiC composites for
the manufacturing of fuel elements (TVEL), as well as mechanically strength and y-
irradiated protective material for containers of high-activated and spent nuclear fuel.

The relevance and the importance of the dissertation results is confirmed by the fact
that it was performed within the R&D projects of the National Science Center "Kharkiv
Institute of Physics and Technology" of the NAS of Ukraine.

The reliability and validity of the dissertation results of is achieved through the usage
of modern equipment: methods for estimating properties; analysis of the obtained
experimental data and their systematization.

Experimental samples were obtained by high-speed hot pressing and studied for the
nonporous structure formation in pure  SiC-ceramics (without additives) in the
temperature range of (T = 1850 — 2100) ° C and holding time of (t = 10 — 45) minutes,
pressure of P = 40 MPa and heating rate of V = 200° C/min. It was established that SiC-
ceramics, obtained at sintering temperature of T = 2050 °C, pressure of P = 40 MPa and
speed of V =200 °C/min and holding time under pressure t = 30 minutes is formed from a
non-porous, monolithic and homogeneous structure and with features of brittle fracture,
has a high density, hardness — 27,3 = 0,5 GPa (up to 99,4% of theoretical) and a
coefficient of crack resistance of 4,3 MPa-m'?,
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The possibility of the improvement of the crack resistance coefficient by alloying

with a small number of additives and studying their effect on the physical and mechanical
properties of SiC-ceramics is considered. The effect of Cr additives (in the range of 0,3 to
1,2 wt. %) on the mechanical properties of SiC-ceramics was studied. The optimal amount
of chromium additive (0,5 wt. %), At which SiC has the best ratio of crack resistance and
microhardness (HV/K1c = 4,5). It is shown that the addition of Cr leads to an increase in
crack resistance by (25 — 30) % (K. = 6,2 MPa-m"?), in comparison with SiC without
additives, while maintaining a high level of hardness with a value of 28,0 GPa. The
formation and distribution of Cr in the SiC structure have been studied. The mechanisms
of formation of fine carbide compounds (Cr«C,), which contribute to the emergence of
secondary phases and increase the crack resistance of materials, have been studied.

The obtained results can be taken into account and significantly affect the choice of
materials and technology of SiC-matrix in SiC/SiC composites production for the
manufacturing of fuel elements for WWR reactors, as there is a problem of manufacturing
thin-walled tubes (shells) of brittle SiC ceramics which have low crack resistance
coefficient.

The possibility of increasing of the corrosion resistance of SiC-ceramics by addition
of Cr additives under conditions simulated the internal environment of the WWER-1000
reactor was investigated. The mechanisms of Cr influence on the features of the corrosion
process are studied. The mass gain of SiC to 3,27 mg/cm? at the beginning of corrosion
tests was recorded, which improves the corrosion resistance of SiC in hydrothermal
conditions. It is established that addition of 0,5 wt. % Cr leads to the formation of the SiC
surface structure with improved corrosion resistance and this is a promising technological
solution to achieve the required SiC corrosion resistance in reactor conditions.

Radiation tests of ceramic SiC(0,5%Cr) samples were performed using braking y-
irradiation to an exposed dose of 2-10° Gy, which corresponds to the dose of the container
material during storage of radioactive waste for 300 years, in accordance with IAEA
requirements. It is shown that addition of 0,5 wt. % Cr does not reduce the structural

integrity and mechanical strength of SiC ceramics after y-irradiation to exposure dose of
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2-10° Gy. It was experimentally established that the SiC composite (0,5Cr) can be used as

a container material for the safe disposal of high radioactive and nuclear wastes.

The main dissertation materials are fully presented in 14 scientific papers. Among of
them there is 7 articles and 7 abstracts at international scientific conferences. All these
articles are published in professional journals included in the international scientific
databases Scopus and Web of Science.

1. Jlobau K.B. IlpumMeHeHwe MeToja »dJIEKTPOKOHCOJMUIAIUMA IS TOJTYUYEHUS
KepamMuku Ha ocHoBe ZrO; — 3 % Y,03 / [JIobau K.B., Caenko C.}O., Ceriinunbiii E.A.,
CypkoB A.E.] // Tlutanus atomHOi Hayku 1 TexHikn. — XapkiB: HHI X®TI, 2011. — 76(6).
—C.99-102.

2.Jlobau  K.B. YcTaHOBIICHME  ONTUMAJIBHBIX  MapaMeTpoB  Mpoliecca
ANEKTPOKOHCOMUAAMU st nonydeHus kepamuk HfB, u ZrB, / [Jlobau K.B.,
Caenxo C.1O., Csemnmmunbii E.A., CypkoB A.E.] // 30ipuuk HaykoBux mpaib BAT
«YKPH/IIBoruetpusis iM. A.C. bepexxnoro». — Xapkis: Kapasena, 2012. — No 112. — C.
141 — 146.

3. Lobach K. Improvement of Microstructure and Mechanical Properties of High
Dense SiC Ceramics Manufactured By High-Speed Hot Pressing / [Voyevodin V.,
Sayenko S., Lobach K., Tarasov R., Zykova A., Svitlychnyi Ye., Surkov A., Abelentsev
V., Ghaemi H., Szkodo M., Gajowiec G., Kmiec M., Antoszkiewicz M.] // Problems of
Atomic Sciens and Technology. — Kharkiv: NSC KIPT, 2017. — 108(2). — S. 97 — 102.

4. Lobach K. Optimisation of Properties of Silicon Carbide Ceramics With the Use of
Different Additives / [Lobach K., Kupriiyanova Y., Kolodiy I., Sayenko S., Shkuropatenko
V., Voyevodin V., Zykova A., Bykov A., Chunyayev O., Tovazhnyanskyy L.] //
Functional Materials. — Kharkiv: Scientific and Technological Corporation “Institute for
Single Crystals”, 2018. — 25(3). — S. 496 — 504.

5. Lobach K. Physical-Mechanical Properties of vy-irradiated SiC Ceramics for
Radioactive Wastes Immobilization / [Lobach K., Sayenko S., Shkuropatenko V.,
Voyevodin V., Zykova A., Bereznyak E., Hodyreva Y., Bykov A., Bykanov S.,
Tovazhnyanskyy L.] // East European Journal of Physics. — Kharkiv: V.N. Karazin
Kharkiv national university, 2018. — 5(4). — S. 40 — 47.



4
6. Lobach K.V. Corrosion resistance of ceramics based on SiC under hydrothermal

conditions / [Lobach K.V., Sayenko S.Yu., Shkuropatenko V.A., Voyevodin V.M.,
Zykova A.V., Zuyok V.A., Bykov A.A., Tovazhnyanskyy L.L., Chunyayev O.M.] //
Materials Science. — New York: Consultants Bureau Plenum Publishing Corporation,
2020. — 55(5). — S. 672 — 682.

7. Lobach K. Research and development of novel materials for accident tolerant fuel
cladding of nuclear reactors / [Lobach K., Kuprin A., Sayenko S., Voyevodin V., Kolodiy
I.] // East European Journal of Physics. — Kharkiv: V.N. Karazin Kharkiv national
university, 2020. — 4. - S. 75 — 83.

8. JIobau K.B. Oco0omioTHbie KepaMUYECKUE MaTepHualibl Ha OCHOBE KapOWJIOB U
O0opuI0B, MojaydeHHble MeToAoM 3ekTpokoHconuaanu / [Caenko C.1O., Cernuuynuit
E.A., Jlobau K.B., I'puboB C.HM.] // TexHomoruss ¥ TpUMEHEHHUE OTHEYIOPOB W
TEXHUYECKON KEepaMUKH B MPOMBIIUICHHOCTH: MexIyHap. Hayd.-TeXH. KoH]., 29 — 30
arnpenst 2014 r.: Te3uck goki. — Xapbkos, 2014. — C. 56 — 57.

9. Lobach K. Determination of Optimal Parameters of High Density SiC Ceramics
Manufactured by High-Speed Hot Pressing / [Lobach K., Voyevodin V., Sayenko S.,
Tarasov R., Svitlychnyi Ye., Surkov A., Abelentsev V., Zykova A., Ghaemi H., Szkodo
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