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1. PO3BUTOK HAyKOBHX OCHOB CTBOPEHHS BUCOKOTEMIIEPATYPHUX ArPErarTiB 3 €JIEKTPOTEPMIYHUM KUIIITYUM LIapPOM

I OYMILEHHS BYTJIELIEBUX MaTepiaiB

2. Development of the Scientific Basis for Design of High-Temperature Furnaces based on Electro-Thermal
Fluidized Bed for Carbon Materials Processing

Pedepar:

1. Incepranis cripssMoOBaHa Ha BUPiLIeHHS BaKIMBOI HAYKOBO-TEXHIYHOI IPOO6JIEMU PO3BUTKY HAYKOBUX OCHOB
CTBOPEHHS BUCOKOTEMIIEPATYPHUX T€Y€eii 3 €JIEKTPOTEPMIUHMUM KUIUISTYUM IIAPOM /1711 06POOKU BYTJIE€LI€BOi
cupoBuHHU 3a Temnepatyp 2000-3000o0C Ta oTpumanHs rpadity i3 BMicToM Byrieno He meHI 99,95%. [TocTaBneHi
3a7,a4i BUPIlIEHI IJIAXOM IO€QHAHHS METOIB aHAJIITUYHOIO Ta EMITIPUYHOIO aHai3y. EKcriepuMeHTasbHi
IOCJII)KEHHSI €JIEKTPUYHOI IPOBIZHOCTI UCIIEPCHUX BYIJIELIEBUX MaTepiaiB y WiJTbHOMY Ta IICEBAO3PIIKEHOMY
1api IpoBeJIEHi 3a JOIIOMOTOI0 PO3POOJIEHNX €KCIIEPUMEHTAJIbHUX YCTAHOBOK 3 BUKOPUCTaHHSIM
MOTEHL[JOMETPUYHOIO METOY BUMIPIOBaHHSI €JIEKTPUYHUX BEJIMYMH i3 I0JATBIIO0 [IEPEBIPKOI0 POOOUNX TiNOTe3
Ha CTBOPEHi (PisnuHill MOzei eJ1IeKTPOoTepMiuHOi nedi. PO3paxyHKOBO-TEOPETUYHI AOCIiI)KEHHS] BUKOHAHHI Ha

OCHOBI CTBOPEHUX MATEMATUYHUX MOﬂeﬂeﬁ: CTPYKTYPHUX BJIACTUBOCTEN BUITIAJIKOBUX ONUCIIEPCHUX CUCTEM,



€JIEKTPUYHOI IPOBIIHOCTI HEOJHOPITHUX CTPYKTYP Y [NO€IHAHHI i3 KAPKACHOIO MOJEJIIIO IIPOBiJHOCTI
eJIeMeHTapHOT0 00’eMy, TIPOLIECIB TEIJIO0OMIHY Y BUCOKOTEMIIEPATYPHUX €JIeKTPOTEPMIUHUX [TeyaxX Ha OCHOBI
IBo¢da3HOI Teopii nceBAo3PiIyKEeHHS, IPOLIECiB TENJI0MacOOOMiHY B TENJIOOOMIHHUX anapaTax i3 ICeBI03Pi’)KeHUM
Ta PyXOMMM IIIJILHUM IIapoM. [IpoBeneHi HoCmiIKeHHs eJIEKTPUYHOI IPOBITHOCTI €JIEKTPOTEPMIYHOrO 1Aapy 3
ypaxyBaHHSM CTPYKTYPHU IIapy, KOHTAKTHOI B3a€MOJIii YaCTUHOK Marepiay, TeMIIepaTypy Ta TUTOMOTO TEIJI0BOr0
HaBaHTAKEHHS OJIMHULIi 06'€MY, @ TAKOX TEIJI0BOI pOOOTH BUCOKOTEMIIEPATYPHUX €JIEKTPOTEPMIiYHUX MeYeit
KUIIAYOro mapy. Ilepesipeni 3 Ta yTouyHeHi cy4acHi rirnoresu won0 ysABJIE€HHS SBUILA €JIEKTPUYHOI ITPOBIIHOCTI Ta
po3po6JieHa Ha iX OCHOBI METOAMKA PO3PaXyHKY IIMTOMOTO €JIEKTPUYHOrO OIIOPY ICEBI03PIIPKEHHOro mapy. Y
IiZICYMKy BU3HA4eHi Ta HAyKOBO OOI'PYHTOBAHi [1lepeLyMOBH HaliHOI eKCIlTyaTallii, 0CO6JIMBOCTI HarpiBaHHS
BUXITHOI CUPOBUMHY, 3aKOHOMIPHOCTI PO3ITIOLijly TEIIOBOI IOTY>KHOCTI I HEOJHOPITHOCTI TEMIIEPATYPHOTO I10JISI Ta
CTBOPEHO METOJVKY PO3PaXyHKy po60YOro NpoCTOPY LUX arperaris. Po3po6ieHi HOBi e(peKTUBHI KOHCTPYKIii
BUCOKOTEMIIEPATYPHUX €JIEKTPOTEPMIYHUX Neueil KUIUISTYOro mapy. HaykoBo 06rpyHTOBaHI pallioHa/IbHI peXXUMU
ix excrtyaratiii, siki 3a6e3ne4yroTh HeoOXinHI po6oYi TeMIIEpaTypH Ta CTBOPEHO Ha iX OCHOBI TEXHOJIOT{YHUM
KOMILJIEKC 3 TEPMIUHOI 0OpOOKU BYTJELeBoi CupoBUHU 3a Temiepatyp 2000-3000o0C n1s1 oTprMaHHs 6aTapeiHux
Mapok rpadiry i3 BMicTom Byrieno He MmeHII 99,95%. Po3po6iieHi TeopeTnyHi 3acany mo10 HilBULEeHHS TeII0BOi
eEeKTUBHOCTI TEXHOJIOTIYHNX KOMILJIEKCY 3 TEPMiUHOI 0OpOOKU BYTJIEL€BOi CUPOBUHU 32 TEXHOJIOTIE0
BUCOKOTEMIIEPATYPHOTO €JIEKTPOTEPMIUYHOTIO APy LIJIIXOM YIPABJIiHHS PEKMMaMU PyXy Martepiany Ta
BI,OCKOHAJIEHHS TEXHIYHUX pillleHb 070 MiIBeJIeHHs y lap MaTepiany INCeBA03PiIKyl040oro areHTy, a TakoxX
BUKOPUCTAHHA (Pi3UYHOI TEIJIOTH TOTOBOTO MPOAYKTY 3a TEXHOJIOTIYHOIO cxemoto. Kito4oBi cyioBa: Byrienesa
CHUPOBUHA, rpadit, esleKTpoTepMiyHa iy, KUIIJITYUil map, TepMivHa 06pooka, rpadiTtallist, TUTOMUN eJIeKTPUIHUN
O11ip, TEIJIOMAaCOOOMiH, TeIIOBa MOTYKHICTb, eHepreTuyHa e(PeKTUBHICTb.

2. The present thesis is devoted to resolving of the substantial scientific and applied problem - development of the
scientific basis for design of high-temperature furnaces based on electro-thermal fluidized bed concept for carbon
materials processing at temperatures of 2000-3000oC and graphite production of more than 99,95% purity. Set
tasks were resolved by combining methods of the theoretical and experimental analysis. Experimental research of
the electric conductivity of particulate carbon materials in packed and fluidized bed was conducted via developed
laboratory installations using the potentiometric measurement method and further verification of working
hypotheses with a physical model of an electro-thermal furnace. Computational and theoretical research was
conducted on the basis of mathematical models of: structural properties of random particles systems; electrical
conductivity of heterogeneous structures along with a frame model of conductivity for an elementary volume; heat
transfer in high-temperature electro-thermal furnaces based on double phase fluidization theory; heat and mass
transfer in heat exchangers with fluidized and moving packed bed. Conducted research includes study of the
electrical conductivity of the electrothermal bed with respect to: bed’s structures, contact interaction between
material particles, working temperature and specific heat output per unit volume as well as a thermal work of
high-temperature electro-thermal furnaces with fluidized bed. Verified and refined modern hypotheses comprise
the concept of the phenomenon of the electrical conductivity as well as the development on their basis calculating
method for the 5 electrical resistivity of the fluidized bed. In the issue, the determined results are: scientifically
substantiated preconditions of reliable operation, particularities of material heating, patterns of power distribution
and inhomogeneity of the temperature field as well as a calculation method of workspace dimensions for these
furnaces. New efficient designs of for electro-thermal fluidized bed furnaces were developed. Their rational
operation modes, that ensure required working temperatures, were substantiated. As a result, an industrial plant
concept for carbon materials thermal processing at 2500-3000cC for production of battery grade graphite of more
than 99,95% purity was developed. Thesis’s outcomes include theoretical basis of enhancing thermal efficiency of
an industrial plant for thermal processing of carbon materials based on the electrothermal fluidized bed
technology by controlled modes of material moving and improved technical solutions for fluidizing agent inlets as
well as utilizing of processed product waste heat for heating raw material. Keywords: carbon raw material,
graphite, electro-thermal furnace, fluidized bed, graphitization, electrical resistivity, heat transfer, heat power,
energy efficiency.
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