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2. Improvement of high-temperature units with electrothermal fluidized bed with the view to reducing greenhouse
gas emissions

Pedepar:

1. Inceprarist cnpsiIMOBaHa Ha BUPILIE€HHS HAyKOBO-TEXHIYHUX 337134 MifBUIIEHHS €(PEKTUBHOCTI Ie4ell 3
eJIeKTpoTepMidyHUM KuIystyum mapom (EKII) ta 3MeHIIeHHs BUKUiB TAPHUKOBUX Ia3iB MIJIIXOM [IEPEXOyY 3
BMKOIIHOTO [1aJIMBa Ha eJIeKTpOoeHeprito. [JocliIykeHHs 0XOIIIOITh MiipOIUHAMIKY I TeIJIOMacOOOMiH y Ievyax
EKIII, a TakoXX BIJIUB TEXHOJIOTIYHUX NTapaMeTPiB Ha npoliecy rpadirtatii i1 padinyBaHHS ByIyelleBUX MaTepiais. Y
[epHUIOMY PO37ili OGIPYHTOBAHO NOLibHICT, BUKOpUcTaHHs EKII y xiMiuHil Ta MeTaypriiiHiil ranyssx, 30KpeMa
17151 €JIeKTPOHArpiBy 3aMiCTh BUKOITHOTO nasnuBa. Bkazano Ha norteHuian EKII y BUpo6HUITBI 6ipI030BOro BOGHIO Ta
TEPMIYHOrO OuMIeHHs rpadiTy 1o anonHoi sKocTi (BMicT C = 99,95%). [ly1s1 1boro HeoOXigHi OCTOBIPHI AaHi 010
€JIEKTPUYHUX XapaKTePUCTUK OiHApHUX CyMillle}l YaCTUHOK y Lapi. Y Apyromy po3aiji po3po6ieHo iHHOBaLilHY
KOHCTPYKIil0 J1ab0opaTOpHOI nedi 7151 MojesoBaHHs TepMidHnx yMmoB EKII, npoBeneHo rpadiraliilo aHTpaLuTy

JoHenpKoro 6aceiHy. BctaHOBIIEHO, 110 TIOTIEpeHs KajblMHallis He BILJIMBae Ha rpadiraliio, a KiHeTu4Hi



IapaMeTpu IIpoLecy CTaHOBIATE: A = 1,79, Ea = 103,85 k/I>x/Moib. BusHaueHo ontumaiseHi pexxumu: 30000°C, 55-60
XB. EKCIleprMeHTaIbHO JOCiIKeHo TepMiuHe padiHyBaHHS IPUPOLHOro rpadity B yMoBaxX IIOKOBOT'O HarpiBaHHS.
SIKicTp NpoAyKTy BU3HAYaeThCs Temnepartypolo (2800-30000°C), yacom (5-10 xB) i TIOBHOTOIO BUIa/IEHHS! IOMIIIIOK.
3anponoHOBaHO BUMOTHY [0 peaslidalii nepioguyHoro abo 6e3rnepepBHOro MpoLeCy 3 YHUKHEHHSIM arJioMepaii
YaCTHUHOK. Y TPETbOMY PO3/iJli BlieplLIe eKCIIEPUMEHTAIbHO HiATBEPIPKEHO HEPIBHOMIPHUI PO3IOIIN
€JIEKTPOIIPOBIIHOCTI 1Iapy 110 BUCOTI, @ TAKOXX HEMO>KJIMBICTh €(DEeKTUBHOIO HarpiBy ApibHOAMCIIEpCHOro rpadiTy y
TypOyJIEHTHOMY PE>XXHUMi 4epe3 HagMipHUI omip i Ayrosi npo6oi. BcTaHOBJIEHO rPaHNUYHE CIIiBBiHOIIEHHS
IIPOBIIHUK /[IieJIeKTPUK y 6iHapHUX CyMiliax [jisl 3a6e3Me4eHHs! CTIlKOTO eJIeKTPOHAarpiBy. JJoBeieHo, o [Ipu
10000+0500°C BinOyBaeThCs pidke 3MEHIIEHHS ONOPY Iapy Yyepes BiIHOBJIEHHS OKCUAHOI I1iBku Ha SiC. Y yeTBepTOMYy
PO3[iJli BUKOHAHO OLiHKY BUKMJiB TIApHUKOBUX raziB MeTogom LCA. BcTaHOBJIEHO, 110 TEPMiuHE O4UleHHS rpadiTy
3 BukopuctanHsaM EKII nae eMicito Ha piBHI XiMiuYHOI TeXHOJIOTI, ajle 6€3 3aCTOCYBaHHS KUCJIOT i BamnHa, mo B 10
pasiB 3MeHIIye 1oTpeby B ounineHHi cTokiB. ['paditanis y neyax EKII no3Bosse 3uu3nty BUkuau Ha 40-50%
IIOPiBHSIHO 3 TpaguLiiHUMU ITeyaMu AdeHcoHa Ta KacTHepa. Y 'sitomy po3aisii po3po6sieHo eHeproedeKTHUBHI
KoHcTpykuii neveit EKIII. Ins1 rpadirtatiii aHTpalyuTy 3alpOIIOHOBAHO IUCKPETHO-HENIEPEPBHI PEXXUMU 3 KAMEPOIO
BUTPUMKHU. [y padpiHyBaHHS rpadiTy po3po6JIeHO Mid 3 TENJIOYTUIi3aTOPOM, IO AO3BOJISIE MiflirpiBaT CUPOBUHY
1o 500-7000°C, 3HIKYIOUM €HeproBUuTpaTtu Ha 15-23% 6e3 OBTOPHOTO 3a0pyIHEHHS IPOLyKTY. Kilo4oBi cioBa:
€JIEKTPOTEePMIYHUI KUIIISTYUH Lap, WTYYHUI i npupogHuil rpadir, TenyiomacoobMiH, rpadiranist, padinyBaHHs,
BUKUJY TAPHUKOBUX r'a3iB, TEIJIOYTUIIi3aLlisl.

2. The dissertation addresses scientific and technical challenges related to improving the efficiency of furnaces
with electrothermal fluidized bed (EFB) and reducing greenhouse gas emissions by replacing fossil fuels with
electricity. The research covers hydrodynamics and heat and mass transfer in EFB furnaces, as well as the
influence of technological parameters on graphitization and refining processes of carbon materials. Chapter 1
substantiates the relevance of EFB in the chemical and metallurgical industries, particularly for electric heating as
an alternative to fossil fuels. The EFB's potential for turquoise hydrogen production and thermal purification of
graphite to achieve anode-grade quality (C = 99.95%) is highlighted. Reliable data on the electrical characteristics
of binary particle mixtures in the bed are necessary. In Chapter 2, an innovative laboratory furnace design was
developed to model EFB thermal conditions. Graphitization of Donbas anthracite was performed. It was found that
pre-calcination has no effect on graphitization, with kinetic parameters A = 1.79 and Ea = 103.850k]J /mol. Optimal
conditions were identified: 30000°C and 55-60 minutes. Thermal refining of natural graphite under shock heating
was experimentally studied. Product quality depends on temperature (2800-30000°C), duration (5-10 min), and
impurity removal efficiency. Requirements for batch or continuous processing to prevent particle agglomeration
were proposed. Chapter 3 presents the first experimental confirmation of uneven electrical conductivity
distribution across the EFB bed height, and the inefficiency of heating fine graphite fractions in turbulent regimes
due to excessive resistance and arc discharges. A critical conductor /dielectric ratio in binary mixtures was
identified to ensure stable heating. A sharp drop in resistance was observed at 10000+0500°C due to oxide film
reduction on SiC particles. Chapter 4 provides a greenhouse gas emission assessment using the LCA methodology.
It was shown that thermal purification of graphite with EFB results in emissions comparable to chemical
purification but eliminates the use of acids and lime, reducing wastewater treatment needs tenfold. Graphitization
in EFB furnaces allows a 40-50% reduction in emissions compared to traditional Acheson and Castner
technologies. In Chapter 5, energy-efficient designs of EFB furnaces were developed. For anthracite graphitization,
discretely-continuous regimes with a holding chamber were proposed. For graphite refining, a furnace with a heat
recuperator was designed, enabling raw material preheating to 500-7000°C and reducing energy consumption by
15-23% without secondary contamination of the product. Keywords: electrothermal fluidized bed, synthetic and
natural graphite, heat and mass transfer, graphitization, refining, greenhouse gas emissions, heat recuperation.
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