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The development of energy-efficient high-temperature treatment process of bulk carbon materials in electric
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Pedepar yKpaiHCBKOIO:

CdopmysboBaHO Qi3UYHY Ta MaTEMATUYHY MOJieJli AUHAMIKY 1IiJIbBHOTO PyXy CUIIKOI'O CepeloBUlIa Ta
TEIJIOEJIEKTPUYHOTO CTaHy MAXTHOI OJHO(A3HOI eJIEKTPOIIedi IIifl 4aC BUCOKOTEMIIEPATYPHOTO TEPMOOOPOOIIEHHS
BYIJIELIEBOTO MaTepiaiy, Ha MifCTaBi SKUX pO3pPO06JIEHO BiJMOBiIHI JUCKPETHY Ta KOHTUHYAJIbHY YMCJIOBI MOZeseln
(}i3MYHMX [10JIiB €J1eKTPOKAJIbIIMHATOPA 3 YPaxyBaHHSM IIiJIbHOTO PyXy CUIIKOTO CEPeJOBUILA Ta XiMiYHOI B3aeMOii.
Ha ocHoBi Bepudikalii 1iux 41ca0BUX MOZeJiell BCTAHOBJIEHO, 1110 TTOXMOKA YMCIIOBUX PO3B'SI3KiB Ma€ TakKi 3HaYEHHS:
17151 IOBHOTO €JIEKTPUYHOTO OIOPY i CUJIM CTPyMY He nepeBulye 14 %; 1J1s1 3HadeHb TEMIIEPATyPH 32 BiICYTHOCTI
JIOKaJIbHUX NeperpisiB He 6inbiie 17 %. ExciepumeHTanbHO BU3HAYE€HO TEMIIEPATYPHi 3a/1€5KHOCTI IUTOMOTO
€JIEKTPUYHOTO OIOPY Ta KoedillieHTa TerJIoNnpoBifHOCTI aHTPALUTY Ta HA(YTOBOIO KOKCY, 1110 06POGIIIOI0THCS B
€JIEKTPOKaJIBLIMHATOPAX, Ta BUKOHAHO iX MOPIBHSIHHA 3 JIiTEPaTyPHUMU AaHUMU. [IpOBeieHO eKCllepUMEHTAIbHI
KaMIIaHil BUCOKOTEMIIEPATyPHOTO 06PO6JIEHHS aHTPALUTY i HA(PTOBOrO KOKCY B €J1€KTPOKAJIbLIMHATOPAX 3MiHHOTO
CTPYMy Pi3HOI KOHCTPYKIIii Ta BUKOHAHO JeTaJIbHUI aHaJli3 OTPUMAaHUX €KCIIePUMEHTAIbHUX JaHUX. Po3po6yieHo
crucTeMy 6€3pO3MipHUX TEXHOJIOTIUHUX | FeOMETPUYHUX llapaMeTpiB poOOTH eJIeKTPOKAJIbLIMHATOPIB Pi3HUX
KOHCTPYKIIi¥ Ta NPU3HAYEHH4, 1O € NOTY>KHUM iHCTPYMEHTOM [1JIs1 PO3POOKU PECYPCOEHEPTOe(PEKTUBHUX
TEXHIYHUX PillleHb 3 MOJI€PHi3allil TEXHOJIOTii BUCOKOTEMIIEPATYPHOT0 0OPO6IEHHS BYTIJIeLleBMiCHUX HAallOBHIOBAYIB.
Po3pobseHo pecypcoeHeproedeKTHBHI perjiaMeHT! [TyCKy Ta eKCIIyaTalii eleKTpOKaJbLMHATOPIB 17151
IIPO>KAapIOBAaHHS aHTPALUTY Ta HA(PTOBOTO KOKCY, 110 3a0€3I1eUyI0Th BUCOKY SIKiCTb KiHI|€BOro NpoayKry. Ha nixcrasi
NOPIiBHSJIBHOTO aHasli3y eHeproe@eKTUBHOCTI KOHCTPYKLIH €J1eKTPOKaIbLIMHATOPIB MOCTIHOTO i 3MiHHOTO CTPYMY
BCTAHOBJIEHO, 1O €JIEKTPOIIEYi IOCTIMHOTO CTPYMY ITOPIBHSHO 3 I€YaMU 3MiHHOTO CTPYMY XapaKTEPU3YIOTbCS
3HAQYHO MEHUIMMU IMTOMUMU BUTpPaTaMu eHeprii. [JoBeZileHO MOKJIMBICTb OTPMMaHHs KapOopu3aTopiB

€BPOINENCHKOTO PiBHS SIKOCTI B ejleKTpoKaibuuHaTopax [IpAT «Ykprpagit».

Pedepar aHIJIiHCBKOIO:

The physical and mathematical models of the dynamics of the dense motion of a granular medium and the
thermoelectric state of a single-phase mine electric furnace during high-temperature heat treatment of carbon
material are formulated, on the basis of which the corresponding discrete and continuum numerical models of the
physical fields of the electric calciner are developed taking into account the dense motion of the granular medium
and chemical interaction. Verification of numerical models showed that the error in numerical solutions has the
following meanings: for total electrical resistance and current strength does not exceed 14%; for temperature
values in the absence of local overheating no more than 17%. The temperature dependences of the electrical
resistivity and thermal conductivity coefficient of anthracite and petroleum coke processed in electric calciners
were experimentally determined, and their comparison with published data was performed. Experimental
campaigns for the high-temperature treatment of anthracite and petroleum coke in alternating current electric
calculators of various designs were carried out and a detailed analysis of the obtained experimental data was
performed. A system of dimensionless technological and geometric parameters for the operation of electric
calcinators of various designs and purposes has been developed, which is a powerful tool for obtaining resource-
efficient technical solutions for upgrading the technology of high-temperature processing of carbon-containing
fillers. Resource-energy-efficient regulations have been developed for the launch and operation of electric



calcinators for calcining anthracite and petroleum coke, ensuring high quality of the final product. Based on a
comparative analysis of the energy efficiency of DC and AC electric calciners, it was found that direct current
electric furnaces are characterized by significantly lower specific energy costs compared to AC furnaces. The
possibility of obtaining
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xiMmigHOi B3aemogii. Ha ocHOBi Bepudikanii ux YncioBUX MOZesel BCTAHOBJIEHO, 0 MOXUOKA YNCIOBUX PO3B'SI3KiB
Mae TaKi 3Ha4Y€HHS: IJIs1 [IOBHOTO €JIEKTPUYHOTO OIIOpPY i CUJIN CTPpyMy He nepesuinye 14 %; a1 3HaueHb
TEeMIIEpPaTypH 32 BiICYTHOCTI JIOKQJIbHUX IleperpiBiB He Oisblue 17 %. ExcriepruMeHTaIbHO BU3HAYEHO TeMIIEPaTypHi
3aJIEXKHOCTI IIMTOMOTO €JIEKTPUYHOTO OIOPY Ta KoedillieHTa TelIoNpOoBiAHOCTI aHTPALUTY Ta HA(PTOBOTO KOKCY, IO
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06pO06IEHHS BYIJIEL€BMiCHUX HAlIOBHIOBAUiB. PO3p06J1eHO pecypcoeHeproeeKTUBHI PErJlaMeHTH IIyCKY Ta
eKCIlTyaTallii eJeKTpOKaIbLIMHATOPIB 1J1 IPOKapIOBAaHHS aHTPALIUTY Ta HAQTOBOTO KOKCY, 110 3a06€3M1e4yI0Th
BHCOKY SIKiCTb KiHLleBOro IpoAyKTy. Ha mificraBi OpiBHAIBHOTO aHali3y eHeproepeKTUBHOCTI KOHCTPYKLIii
€JIEKTPOKaJIbLIMHATOPIB INOCTIHOTO i 3MiHHOI'O CTPYMY BCTQHOBJIEHO, 10 €JIEKTPOIeYi NOCTITHOTO CTPyMy
MOPiBHSHO 3 I€YaMU 3MiHHOT'O CTPYMY XapaKTepPU3yIOThCSl 3HAUHO MEHIIMMYU MUTOMUMHU BUTPATaMU €HEPTii.
JloBemeHO MOXKJIMBICTh OTPUMAHHS KapOIOPHU3aTOPIB EBPOMNEICHKOTO PiBHS SIKOCTI B eJIeKTpoKasblinHaTopax ITpAT

«Yxprpadit».

ComniannbHO-eKOHOMIYHA cripsimoBaHicTh HTII: Creopents npuHumnoBo HOBOI nmpoAyKuii (Matepiasis,
TEXHOJIOTI! TOIO) 17151 3a6€e3M1eYeHHs] €KCIIOPTHOrO NOTEeHIialy Ta 3aMillleHHIO iMIIOPTY, 36i/IbIIeHHs 006CsTiB

BUpOOHHULITBA, EKOHOMISI eHepropecypcis, EkoHoMist maTepiasis, [TinBuineHHs IPOAyKTUBHOCTI Mparti
Bnyins HTII Ha moBKiJLIs:
BnposaaykenHss HTII: Bnposamxeno
ITpakTuyHa peasnisaniss HTTI
IToyaToK eramy: 06.2018
3akiHyeHHs eTamy: 06.2019

Crno>kuBavi NPOAYyKIii: [IpAT «Ykprpadit», MK «3anopixcranb», [IpAT «JlHinpocnencTanb (M. 3anopikks)



Ta iH.
IlepcrieKTHBHI PUHKH: [TiinpueMCTBa €IEKTPOIHOI Ta METAJTYPTiiHOI ray3eit
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IToTpiOHMI 00CSAT iHBECTHLIiH, THC. TPH.: 50000
IIpaBa, 0 HaAAIOTHCS iIHBECTOPY IiCJIsA 3aBEPLIEHHST POOOTH: [IpaBa He HA/IAKOTHCS
HasaBHicTb 0i3Hec-1JIaHy: Hi
TexHiKO-€KOHOMiYHe OOrpyHTYBaHHS: Tax
IToTeH1iaILHU 00CST POAASKY, THC. TPH.: 50000
OuiKkyBaHHI TepMiH OKYIHOCTI (POKiB): 5

JopaTtkoBa iHpopmanist:

IX. Biosiorpadiuaui onuc

1. Thermoelectric Properties of Granular Carbon Materials / A. Ya. Karvatskii, G. M. Vasilchenko, E. M. Panov, S. V.
Leleka, T. V. Lazariev, A. Yu. Pedchenko, T. V. Chirka // Advanced Thermoelectric Materials / Chong Rae Park
(ed.). Hoboken: John Wiley & Sons, Inc., Beverly, MA 01915-6106 : Scrivener Publishing LLC, 2019. P. 437-468.
https://doi.org /10.1002 /9781119407348.ch10 ISBN: 9781119407355

2. TeopeTu4HO-€eKCIIEpUMEHTAJbHI JOCTiIKeHHS redeil rpadityBanHsa KactHepa [Enek-TpoHHUM pecypc]:

moHorpadis / A. 1O. Tleguenko, €. M. I1aHos, A. fI. KapBanpkuii Ta iH. — Kuis: KI1I im. Iropst Cikopcbkoro, 2017. 174 c.

3. Kapsaupkuii A. 5. HaykoBa po60Ta 3a TEMOIO MaricTepchbKoi gucepralii. MeTonu Ta iHCTpyMEHTH YKCJIOBOTO
aHasi3y Qi3UYHUX M0JIiB 06JIaiHAHHS XiMIUHAX BUPOOHUIITB Ta 1aKyBaJIbHOI TEXHIKW: HAaBY. IIOCi6. AJIs CTY[.
crienianpHocTel 131 «IIpukiagHa mexaHika», 133 «['any3eBe MammHOOyyBaHHS», crienianidanii «[HKuHipuHr,
KOMIT'IOTEDHE MOJEJIIOBAHHS Ta IPOEKTYBaHHS 00JIafiHAHHS N1aKyBaHHS», «|[H)KMHIPUHT, KOMITIOTEpHE
MOJIEJIIOBAaHHS Ta IIPOEKTYBAaHHS 00JIaJlHAHHS BUPOOHUILTB [10JIiIMEPHUX i OyZiBeIbHUX MaTepiaiiB i BUpo6iB». Kuib:
KIII i

4. Kappaupkuii A. 5. Mexanika cylisibHUX cepefoBulll. TeopeTuuHi OCHOBU HaByaJlb-HOI AUCLMILJIIHU: HAaBY. 10Ci6.
175 ctyg,. cnenianpHocTed 131 «[IpuknagHa MexaHikay, 133 «['ayny3eBe MamMHOOYAYBaHHS», Cllelianizanii
«[H>KUHIpYHT, KOMIT'IOTepHE MOZEeJIIOBaHHSI Ta IIPOEKTYBAaHHS 00J1afHAaHHS [1aKyBaHHS», «|[HKUHIPUHT, KOMITIOTEpHE
MOJeJIIOBaHHS Ta IIPOe-KTYBaHHS 00JIaJHaHHS BUPOOHULITB [TOJiMEPHUX i OyAiBesibHUX MaTepiasiB i Bupo6iBy». Kuis:
KIII im. Iropg Cikopcekoro, 2018. 290 c.

5. Determining efficient values for the thermophysical properties of bulk materials / A. Karvatskii, Ye. Panov, G.
Vasylchenko, V. Vytvytskyi, K. Korolenko // EasternEuropean Journal of Enterprise Technologies. 2019. Vol. 2. No
5(98). P. 55-62. DOI: 10.15587 /1729-4061.2019.164791

6. Estimation of the effect of temperature, the concentration of oxygen and catalysts on the oxidation of the
thermoanthracite carbon material / Ye. Panov, N. Gomelia, O. Ivanenko, A. Vahin, S. Leleka // EasternEuropean
Journal of Enterprise Technologies. 2019. Vol. 2. No 6(98). P. 43-50. DOI: 10.15587 /1729-4061.2019.162474

7. Modification of implicit algorithm for solving a problem on the elastic plasticity of bulk materials / A. Ya.
Karvatskii, E. M. Panov, A. Yu. Pedchenko, V. I. Shkil // Eastern-European Journal of Enterprise Technologies. 2017.
Vol. 5, No 7(89). P. 17-23. DOI:10.15587 /1729-4061.2017.109550

8. Modeling and analysis of the process of polymeric film cooling on the drum with a liquid cooling agent /I.
Mikulionok, O. Gavva, A. Karvatskii, M. Yakymchuk // Eastern-European Journal of Enterprise Technologies. 2017.
Vol, 5, No 5 (89). (2017) P. 67-74. DOI: 10.15587 /1729-4061.2017.110687



9. Panov, E., Lazarev, T., Karvatskii, A., Leleka, S., Mikulionok, I., Derkach, V., & Tiutiunnik, P. (2019). The current
state of resource and energy saving in the technology of production of carbon-based filler of electrode products
(review). Energy Technologies & Resource Saving, (1), 17-34.

10. BrimuB BMICTY BOJIOTHY B TEILIOI30JILIHOMY MaTepiasi Ha TeroBuil ctaH nevi Kactuepa / A. f1. Kapsauxui, A.
0. Tlemuenko, C. B. Jleneka, T. B. JIazapeB // BicHuk BiHHUIIbKOTO oJIiTexXHiYHOTO iHCTUTYTY. 2018. N2 1. C. 24-29.

11. BigHOBI€HHS TEMIO)i3MYHUX BJIACTUBOCTEN CUIIKAX MaTepiajliB 3a OIIOMOTIOI0 PO3B'SI3aHHS 3BOPOTHOI 3aaui
TeronposigHocTi / Al Kapsanpkuii, I'M. BacunbueHko, T.B. Yupka, K.M. Koposnenko // BicHUK XMeJIbHUALIBKOTO
HaujoHasbHOrO yHiBepcurety. Cepist: Texniuni Hayku. 2017. T. 251, N2 4. C. 159-166.

12. Investigation of the current state of isostatic graphite production technology / A. Karvatskii, S. Leleka, A.
Pedchenko, T. Lasariev // Technology audit and production reserves. 2017. N2 2 /1(34). P. 16-21. DOI:
10.15587 /2312-8372.2017.98125

X. 3aKJII0YHI BiZOMOCTi

KepiBHHK 10pH ,ILI/I‘{HO'I' 0coou [Taciyuuk Bitasnit AHaTOIIMOBUY
K. T. H., 05.12.13

IlepeJtik 0Cci0O-BHKOHABILiB

BacunbyeHko ['eHHanilt MukoiaiioBuy

(k.T.H.)
ButBuubkuii Biktop MupoHoBuY
Hinenko Jlapuca BaneHTrHIBHa

KapBanpkuiit AHTOH SIHOBUY
(. T 1)

Jleneka Cepriii Bonongumuposuu

(x.T.H.)

MikynboHOK Irop OsneroBud
(. T 1)
[TaHoB €Bren MukosnanoBruy

(. T. H)

BignoBigasibHUIH 3a HiATOTOBKY Hinenko JL.B.
00JIiKOBUX JOKYMEHTIB

Tenedon +38 (044) 204-81-70

PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 32 PEECTpalLiio HayKoBoOi

OisIJIbHOCTI




