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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Po3pobka HaHOTEXHOJIOTIYHUX CIIOCO0iB 3a1106iraHHs KOpo3ii KOHCTPYKUIMHYUX MaTepiasliB Ha TEIJIOBUX i siI€pHUX

€HEeproyCTaHOBKaxX

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Development of nanotechnological methods to prevent corrosion of structural materials in thermal and nuclear
power plants

Pedepat yKpaiHCBKOIO:

O6’eKT HoCiIKeHHs — mpolec (POPMYBaHHS TEIJIOTH 3TOPSHHS JOMEHHOTO KOKCY IIif] BINIMBOM CUPOBMHHUX
(axTOpiB 1Or0 BUPOOHUIITBA Ta IIPOLIECH KOPO3ii KOHCTPYKLIMHMAX MaTepiasliB TEIJIOBUX i SIIE€PHUX
€HEeproyCcTaHOBOK. MeTa po60TH — PO3BUTOK HAayKOBUX OCHOB i ySIBJIEHD 10O BIUIMBY KOMILIEKCY (PAKTOPIB
BHPOOHHULITBA KOKCY Ha BEJIMYMHY HOTO TEIJIOTU 3TrOPSIHHS Ta pO3po0Ka CIIOCO6iB 3ar1obiraHHs Kopoaii
KOHCTPYKLIMHMX MaTepiajliB Ha TEIJIOBUX i IIEPHUX EHEPrOyCTaHOBKAaX MeTony JOCIIiI>KEHD: BOJIbTAMIIEPOMETPIS,
€JIEKTPOXiMiYHa iMIT€JaHCHA CIIEKTPOCKOIIiS, XxPOHOAMIIEPOMETPIf, raJlbBAHOXPOHOMETPIs, CTalliOHApHUM Ta
HECTalliOHApHUI eJIEKTPOJIi3, peHTreHo-(IIyopecLeHTHUI aHai3, peHTreHoda30Bui aHali3, ONTUYHA MIKPOCKOIIs,
MeTog, Bikkepca /1151 BUMipIOBaHHS MiKpOTBepAOCTi. [IpoBeeHo JoCimKeHHsI peaKTOPHUX MaTepiasiiB 060JI0HOK
SI€PHOrO INaJIMBa, BATOTOBJIEHHS SIKUX OCBOEHO Ha IiAIIPUEMCTBAX YKPAiHY, a TAKOX aJIbTEPHATUBHUX MaTepiasliB
000JI0HOK TOJIEPAHTHOTO MaJIMBA, Ki 3[aTHI MAaKCUMaJIbHO MEPEIIKOAKATH PO3BUTKY BaKKUX aBapiil Ha AEC.
OpepskaHo KiHETUYHI 3aKOHOMipHOCTI GOpPMYBaHHS Ta IPOTUKOPO3iHUX BIACTUBOCTEN KOMIIO3ULIIMHUX IIOKPUTTIB
Ha peakTOpPHUX MaTepiasax (CIJaBi LUPKOHIIO, XpPOMOHIKeJIEBUX CTaJISIX) Bif] CKJIaAy IOKPUTTS Ta CTALliOHAPHOTO i
HECTaliOHAPHOIO PEXXUMY. BUSABIEHO KiHETUYHI 3aKOHOMIPHOCTI €JIEKTPOOCaIKEHH CraBiB Zn-Ni ta Cu-Zny
[OJIiIiraHIHUX eJIeKTpoJliTax. OJep>KaHo 3a/1eKHOCTI 3aXUCHUX BJIACTUBOCTEN OJHOLIAPOBUX i MYJIbTULIAPOBUX
noKpuTTiB criaBamu Zn-Ni Ta Cu-Zn Bif, CKJIaZy €J€KTPOJIiTy, PEKUMY €JIEKTPOJIi3y Ta N0JATKOBOI 0OPOOKU.
[IpoBeneHO OLiHKY KOPO3iiiHOi CTIKOCTi 3aXMCHUX [TIOKPUTTIB Ha PEaKTOPHUX MaTepiajsiax 060JI0HOK JIETKOBOIHUX
peakropiB AEC. Pe3ysibTaTy 1okasany, 1o MBUIKICTb KOPO3il KOMIIO3ULIMHUX ITIOKPUTTIB B [I€KiJIbKa Pa3iB HMKYaA 32

MIBUAKICTb KOPO3ii KOHCTPYKLIMHUX MaTepialiB.

Pedepar aHr1ilicbKOIO:

The object of research is the process of formation of heat of combustion of blast furnace coke under the influence
of raw factors of its production and corrosion processes of structural materials of thermal and nuclear power
plants. The purpose of the work is the development of scientific foundations and ideas regarding the influence of a
complex of coke production factors on the value of its heat of combustion and the development of methods of
preventing corrosion of structural materials at thermal and nuclear power plants. Research methods: voltammetry,
electrochemical impedance spectroscopy, chronoamperometry, galvanochronometry, stationary and non-
stationary electrolysis, X-ray fluorescence analysis, X-ray phase analysis, optical microscopy, Vickers method for
measuring microhardness. A study of reactor materials for nuclear fuel shells, the production of which has been
mastered at Ukrainian enterprises, as well as alternative materials for tolerant fuel shells, which are able to
maximally prevent the development of severe accidents at nuclear power plants, has been conducted. Kinetic
patterns of formation and anti-corrosion properties of composite coatings on reactor materials (zirconium alloys,
chrome-nickel steels) were obtained depending on the composition of the coating and the stationary and non-
stationary regime. Kinetic regularities of electrodeposition of Zn-Ni and Cu-Zn alloys in polyligand electrolytes
were revealed. The dependence of the protective properties of single-layer and multi-layer coatings with Zn-Ni
and Cu-Zn alloys on the composition of the electrolyte, the mode of electrolysis and additional processing was
obtained. An assessment of the corrosion resistance of protective coatings on the reactor materials of light water
reactor shells of nuclear power plants was carried out. The results showed that the rate of corrosion of composite



coatings is several times lower than the rate of corrosion of structural materials.

Impexc YIK: 669.017:621.039.1, 620.193.001.5; 620.193, 620.193:669; 620.193:669.018.8, 544.6
Koau reMmaTHYHHX py6an: 53.49.17, 81.33.81, 81.33.07, 31.15.33
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zsa HTII yKpaiHCBKOIO: HaHOTEXHOIOTIYHI CrI0CO6H 3an06iraHHs KOpo3ii KOHCTPYKLIAHMX MaTepiasiB Ha

TEMJIOBUX i AOEPHUX €EHEPTrOYCTAHOBKAX

Hazpa HTII anrsiiicbKo0: Nanotechnological methods of preventing corrosion of structural materials at

thermal and nuclear power plants

HTII, sixy nepen6a4asiocsi CTBOPUTH:

IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:
OTpuMmaHi pe3yJIbTaTH: MeTtoay, Teopii

FaJIy3b 3aCTOCYBaHHSI: TenjoBa Ta aTOMHa €HEPreTrKa
PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: Pospo6eni cioco6u oTpuMaHHs KOMIIO3UL[IHHUX OKCUJHUX [IOKPUTTIB Ha KOHCTPYKLIHUX
MarepiasiB Ha TEIJIOBUX i SIIEPHUX €HeProyCTaHOBKAX i3 3aJaHMMU, MOJIiNIIEeHUMHU QYHKIiOHAIBHUMU
BJIaCTUBOCTSIMUA. HOBM3HA C1IOCO6IB HAHECEHHSI METAJIOKCUHUX [TIOKPUTTIB NOJISITA€ B 3aCTOCYBaHHI
CTaljOHApHUX /HeCTallioHApHUX PEXUMIB i3 MO (iKOBaHUX €JIEKTPOJIITIB, sKi 3abe3nevyaTs MOro O6ijibLI BUCOKY, B
nopiBHsHHI 3 Bitomumu y cBiTi Cr-N Ta Cr(N,O) NoKpUTTSIMU, KOPO3iliHY i MEXaHIYHY CTiHKiCTb, i MaTy NiABUILEHY
CTIMKICTb 10 BUCOKOTEMIIEPATYPHOI KOPO3ii B cepefOBUILI TEMJIOHOCIA NEPIIOTO Ta APYroro KOHTYPY PEaKTOPIB
BBEP-1000.

ConiannbHO-eKOHOMIYHA cupsimoBaHicTh HTII: Exonomis enepropecypcis, EkoHomis matepiasis,

3MeHIIeHHS 3HOCY 06J1afiHaHHs, [TlifBUIeHHs TPOAYKTUBHOCTI Mpari
BnyiuB HTII Ha moBKiJjjis:
BnposapaskeHHs1 HTII: He snpoBamxeHo
ITpakTuyHa peasnizanis HTTI
IToyaToK eramy: 01.2024
3aKkiHYeHHs eTamy: 12.2024
Crnio>KuBavi NPOAYKILii: Tensosi Ta aToMHi mignpuemcTsa Ykpainu

IlepcneKTHUBHI PHHKHU: [[0TEHUiHUMY 3aMOBHUKAMMY PE3YJIbTATIB BUKOHAHHS IPOEKTY € BCi 6€3 BUKIIOYEHHS]

TEIJIOBi Ta aTOMHI NigprueMcTBa YKpaiHu.
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IloTpiOHMI 006CAT iHBECTHILiM, THC. TPH.:
IIpaBa, 0 HaAAIOTHCS iIHBECTOPY MiCJIsA 3aBEpPLIEHHs POOOTH:
HasaBHicTb Oi3Hec-IJIaHY:
TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHSI:
IloTeH1iaIbHUE 0OCAT IIPOAAIKY, THUC. TPH..
OuiKkyBaHHI TepMiH OKYIHOCTI (POKiB):

HoparkoBa iHdopmamist:



IX. Bi6sriorpadiuHuii onuc

1. Shtefan, V.V., Balamut, N.S., Kanunnikova, N.A., Shcholokova A.S., Zuyok V.A., Grudnitskii V.V., Vasilenko R.L.
Electrodeposition of chromoxide coatings from electrolytes modified with SiO2-nH20. Problems of Atomic Science
and Technologythis link is disabled, 2022, 140(4), ctp. 131-136. https://doi.org/10.46813 /2022-140-131

2. Shtefan, V., Kanunnikova, N., Bulhakova, A., Balamut, N., Kobziev A. Structural and Phase Analysis of Composites
Based on TiO2. / Surface Engineering and Applied Electrochemistry. - 2022. - Vol. 58(6). - P. 593-598.
https:/ /www.springer.com /journal /11987

3. Shtefan, V.V, Kanunnikova, N.O., Goncharenko, T.Y. Analysis of the Structure and Anticorrosion Properties of
Oxide Coatings on AISI 304 Steel. - Materials Science. - 2021. - Vol. 57(2). - P. 248-255. (Published 13 January 2022)
https:/ /link.springer.com /article /10.1007 /s11003-021-00539-w

4. Zuyok, V., Rud, R., Tretyakov, M., Rostova, H., Shtefan, V. Assessment of the corrosion resistance of the main
alternative materials for light water reactors tolerant fuel rod cladding. Problems of Atomic Science and
Technologythis link is disabled, 2022, 140(4), ctp. 89-96. https:/ /doi.org/10.46813 /2022-140-089

5. Maizelis A. Microhardness of multilayer [(Zn-Ni)base /(Zn-Ni)add]n coatings depending on the nanoscale
sublayer thickness / A. Maizelis // Materials Today: Proceedings, 2022. (Scopus, WoS).
https://doi.org/10.1016 /j.matpr.2022.03.490

6. Maizelis A. Stripping voltammetry of nanoscale films of Zn-Ni alloy / A. Maizelis // Applied Nanoscience. -
2022. V. 12(3). - P. 735-740. https:/ /link.springer.com /article /10.1007 /s13204-021-01723-9

7. Leonid Bannikov, Denis Mirshnichenko, Oleksii Pylypenko, Serhiy Pyshyev, Oleh Fedevych, Valeriy Meshchanin
Coke quenching plenum equipment corrosion and its dependents on the quality of the biochemically treated water
of the coke-chemical production Chemistry and Chemical Technology. 2022. Vol. 16 (2). P. 328-336.
https://doi.org/10.23939 /chcht16.02.328

8. Ivan Malik, Denis Mirshnichenko, Aquilino Bautista Contreras, Nader Hassan Ahmed Abd El Rasoul Prediction of
the Higher Heating Value of Charcoal / Petroleum and Coal. 2022. Vol.64 (1). P. 100-105.
https:/ /www.vurup.sk//wp-content /uploads /2022 /05 /PC-X_Miroshnichenko_121.pdf

9. Shtefan V.V., Bulhakova A.S., Kanunnikova N.A. Electrochemical behavior of Co-Mo alloy / Functional Materials.
2022. V. 29. No.2. p. 1-6. https: / /doi.org /10.15407 /fm29.02.1

10. Ivan Malik, Denis Mirshnichenko, Aquilino Bautista Contreras, Nader Hassan Ahmed Abd El Rasoul Prediction of
the Higher Heating Value of Charcoal / Petroleum and Coal. 2022. Vol.64 (1). P. 100-105.
https:/ /www.vurup.sk//wp-content /uploads /2022 /05 /PC-X_Miroshnichenko_121.pdf

11. Zuyok, V. A., Kuprin, O. S., Klymenko, I. O., Tolmachova, H. M., Tretiakov, M. V., Rud, R. O. & Shtefan, V. V. (2023).
Heat Resistance of Zr-1Nb Alloy Claddings in Water Vapor after lon-Plasma Nitriding. Materials Science (Q3), 1-6.
https:/ /doi.org /10.1007 /s11003-023-00697-z

12. VA Zuyok, RA Rud, MV Tretyakov, NV Rud, Ya O Kushtym, VV Shtefan. Corrosion Properties Characterization of
06Cr18Nil0Ti, 08Cr18Nil0Ti Steels and 42CrNiMo Alloy under Conditions Simulating Primary Coolant of
Pressurized Water Reactor. Metallofizika i Novejsie Tehnologii. 2023, 45(4), pp. 481-501.

https:/ /doi.org/10.15407 /mfint.45.04.0481

13. Zeisig, J., Shtefan, V., Giebeler, L., Kihn, U., Gebert, A., & Hufenbach, J. K. (2023). A Newly Designed High-
Strength Tool Steel with High Wear and Corrosion Resistance. Materials (Q2), 16(5), 1941.
https://doi.org/10.3390 /mal6051941

14. Assessment of the corrosion resistance of the main alternative materials for light water reactors tolerant fuel
rod cladding / V. Zuyok, R. Rud, M. Tretyakov, N. Rud, Y. Kushtym, I. Dykyy, 1. Shevchenko, H. Rostova, V. Shtefan
// Problems of Atomic Science and Technology (Q3). - 2022. - N2 4. - C. 89-96. DOI: 10.46813 /2022-140-089



15. Alexey Fidchunov, Denis Miroshnichenko, Oleksandr Borisenko, Serhiy Kravchenko Movement of coke in the
dry coke quenching plant during its unloading Petroleum and Coal. 2023. Vol. 65 (3). P. 836-844
https:/ /www.vurup.sk/wp-content /uploads /2023 /08 /PC-X_Miroshnichenko_2023_20.pdf

16. Serhiy Pyshyev, Yevgen Zbykovskyy, Iryna Shvets, Denis Miroshnichenko, Sergiy Kravchenko, Stanislav
Stelmachenko, Yuriy Demchuk, Nataliya Vytrykush Modeling of coke Distribution in a dry quenching zone. ACS
Omega. 2023. Vol 8. P. 19464-19473 https://doi.org/10.1021 /acsomega.3c00747

17. Denis Miroshnichenko, Leonid P. Bannikov Adjustment and Interpretation of coefficients for coal tar
viscosity /temperature equations Petroleum and Coal. 2023. Vol. 65 (1). P.173-182. https:/ /www.vurup.sk/wp-
content/uploads /2023 /02 /PC-X_Bannikov_2022_49.pdf

18. Bannikov L.P.. Miroshnichenko D.V., Bannikov A.L. Evaluation of the Effect of Resin Forming Components on the
Quality of Wash Oil for Benzene Recovery from Coke Oven Gas Petroleum and Coal. 2023. Vol. 65 (2). P. 387-399.
https:/ /www.scopus.com/record /display.uri?eid=2-s2.0-85160399739&origin=resultslist&sort=plf-f

19. Denis Miroshnichenko, Kateryna Shmeltser, Maryna Kormer Factors affecting the formation the carbon
structure of coke and the method of stabilizing its physical and mechanical properties C (Journal of Carbon
Research). 2023. Vol. 9 (66). P. 1-12. https:/ /doi.org /10.3390 /c9030066

20. Denis Miroshnichenko, Valerii Nazarov, Oleksandra Ivakh, Serhiy Pyshyev, Bohdan Korchak State of the art in
Industrial application of Amino-1,2,4-Triazoles Mini-Reviews in Organic Chemistry. 2023. Vol. 20 (4). P. 394-402.
https://doi.org/10.2174 /1570193X19666220331155015

X. 3aKJII0YHI BiZOMOCTI

KepiBHHUK I0pHIHYHOI 0COOH Mapuenko Anmpiii [Terposud
I. T. 1., 05.05.03

IlepeJtik 0Cci0-BHKOHABILiB

BorossneHnceka OneHa BonogyumupisHa
(k. T. H., 05.17.03)

Kanynnikosa Hapis OsnekcangpisHa
(o.dinocod, 161)

Kosasnenko [Omnis IBaHiBHa

(x.T.H., 05.17.03)

Jlemenko Cepriit AHaTOIIIOBUY
(k. T. H., 05.17.03)

JluceHko Irop AnaTosiioBuy4

Mariizesnic AnToHiHa OsiekcaHIpiBHA
(k.T.H., 05.17.03)

Mipomnnyenko Jlenuc BikropoBud
(1. T. H., 05.17.07)

BignoBigasibHuUI 3a MiATOTOBKY I'ypenko 101
00JIIKOBHX JOKYMEHTIB

Tenedon +38 (050) 609-83-92

PeecTpaTtop



KepiBuuk Bigginy YKpIHTEI wo e

( \ h

BiZIOBiaIbHUM 3a peecTpaliio HayKOBOi gosi o E‘Og\p E‘ﬂ\ﬂi_."_"l‘i
| s:\ D\L‘! ) E *H
misbHOCTI |




