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2. Development of scientific basis for improving energy efficiency of electric arc steelmaking furnaces

Pedepar:

1. Incepralis npucBsYeHa NiiBULLIEHHIO eHeproedeKTUBHOCTI IyroBux cTaseniasuiabHux nedei (JCIT) Ha ocHOBI
PO3BUTKY TEOPETUYHUX YSBJIEHD 1010 IPOLECIB TEMIO0OMIHY, IiIPOMEXaHIKU i €JIEKTPOBUXPOBUX TE€Yiil B
po6oyomy npoctopi JCII. TeopeTnyHO OGI'PYHTOBAHO I €KCIIEPUMEHTAIbHO MiJTBEPAXKEHO ONTUMAJIbHE, 3a
KpUTepieM eHeproeeKTUBHOCTI, CIiBBiIHOIIEHHS AiaMeTpa i ITu6uHY BaHHU 2,5-1,8 111 pisHUX
€HEeProTexXHOJIOTIYHUX PEKUMIB, 1110 JO3BOJISE€ 3HU3UTU BTPATU TEMJIOTU 3 BOAOI0 HA 8,5-49 % i 36inb1mUTH
IIBUAKICTb HArpiBy BaHHU Ta IJIaBJIEHHS cKpamy Ha 12-25 %. Ha 0CHOBi MaTeMaTU4YHOTO MOZEJIIOBAHHS I17IaBI€HHS
METaJIOMIMXTH i HarpiBaHHS pinKoi cTai, BCTAaHOBIEHO, 0 KoedillieHT eHeproepeKTUBHOCTI AyTry 3HIKYETHCS 3
0,92-0,94 o 0,68-0,70 pu eBoJIOLlii OKPEMUX KOJIOA3iB [10 CIIJILHOTO, a 301/IbIIEeHHS JiaMeTpy po3nany
enekTpogis 1o 0,42-0,49 BHyTPIlIHBOTO AiaMeTPy po60YOro IPOCTOPY IPU3BOIUTE 10 3HUKEHHS IMTOMOI BUTPATU
eHeprii B JICII pisHoi micTKocTi Ha 2,5-7,5 %. BcTaHOBII€HO, 10 B po6o4yomy npoctopi ICIT Ha Tpy64acTiii moBepxHi

BOJI00XO0JIO[I)KYBaHUX ejleMeHTiB (BE) nitoui BeJIMYMHYU TeNJIOBUX ITOTOKIB, 110 BU3HAYAIOTh TEPMIiYHi Hanpyru i



crifikicts BE, Ha 12-55 % nepeBuiyioTh 3Ha4€HHSI, pO3pax0BaHi 18 MJI0CKOi IOBEPXHi, @ 4aCTKa KOHBEKTUBHOI i
KOHJIEHCAIIiIHOI CKJIa[JOBUX TETJIOBOTO HaBaHTKEHHS Ha BE cTaHoBUTL B cymi 31-37 % TEMIOBOrO OTOKY
BUIIPOMiHIOBaHHS. Po3po6sieHo BE 3 mpocTOpoBOIO TPy6UaCTO0 CTPYKTYPOIO, SIKi, 3TiIHO 3 TEOPETUYHUMMU Ta
€KCIIEPMMEHTAIbHUMU JOCJIiIPKEHHSIMY TEIJIOBOTO CTaHY, 3a0€311€4yI0Th 3HKEHHSI BTPAT TEIJIOTY BUIPOMiHEHHSI
3 OXOJIO/IKYBaJIbHOIO BOZ010 Ha 20-35 % 3a paxyHOK (POPMYBaHHS TEIJIOAKYMYJIIOIOUOTO i TEIJI0i30JII0I0Y0TO Mapy
rapHicaxy. YucenbHUMU HOCiIKeHHsIMU Terstoo6Miny B JICIT 1mBapHOTro Kjlacy B yMOBaxX HEPUTMIUHOI pob0TH
BM3HAUEHO i €KCIIEPUMEHTAJIbHO MiATBEPIPKEHO, 110 3aCTOCYBaHHS BE 3 IpOCTOPOBOIO CTPYKTYPOIO B MiCIISIX
KPUTHYHOI CTiliKoCTi QyTepiBku He niapuiye eHeprocnoxxusanHs JICIT nmpu BigHocHIN miowi BE 3Boay no 15-20 %,
3HIDKYIOUU IIPU LIbOMY BUTpaTy BOTHETPUBIB B 1,4-2,5 pa3u. Po3pobieHa koHuenuis cucremu acnipauii JCIT,
3aCHOBaHa Ha CIIiJIbHOMY ra30lMHaMiYHOMY BILJIMBi pO30CepeIKeHHS i 36i/IbLIIeHHSI BCMOKTYIOUO] [TOBEPXHI 3
HaOJIMKEHHSIM ii 10 eJ1eKTpogHuX 3a30piB. EKCcrieprMeHTaIbHO NTOKa3aHa MOXKJIMBICTb 3HMKEHHSI HEOPraHi30BaHUX
BUKUZIB Ha 15-29 %, npuTOKYy NoBiTps B nid Ha 20-25 %, BUHOCY IJIaBUJIBHOTO NUJly 3 arperary Ha 20-50 %.
OTpuManu po3BUTOK YSIBJIEHHS 010 yTUii3awii Teriory BigxinHux rasis JICI1. Ha ocHOBI JocmigKeHHs
IBoxcragirHoro npouecy ropinua CO B kamepi gonantoBanHd JICI1 BuU3Ha4€HO CIiBBiHOMEHHS [IEPBUHHOTO i
BTOPUHHOTO MOBITPs 1 10 3,5, sike 3a6e3neuye gocsrueHHs ['K CO nuisxom oprasisaniii 30H1 CTayoro ropiHHs i
oJlep>KaHHs TEIJIOHOCIS IJ1s1 HarpiBy ckparly 3 Temrepartypoio 1o 500°C, mo BUKIIIOYa€e YTBOPEHHS TOKCUYHUX
PCDD/F. Ha ocHOBi TepMOAMHAaMIYHOTO aHaJli3y OOIPyHTOBAaHO BUKOPMCTAHHS TEIJIOTH i XiMiUHOro NoTeHIiany
BigxigHux rasis JICII, gy TepMOXiMidHOI pereHepaii MpupogHOro rasy 3 oJajblIMM HarpiBaHHAM CKpaIly
CIIAJIIOBAaHHSIM CHHTe3-Trasy, o nigsuiye tersiosuil KK nedi, npamoodoi «flat bath» nporecom Ha 5-6 %, 3HIKYE
BUTpaTy NPUPOJHOTO razy Ha 21 % i emicito CO2 Ha 9,8 %. Po3pobiieHo pinkodasnuii Byrieuesorepmiunuii [1BI1 B
TEIUIOTEHEPYIOYil IJIaKOBOY BaHHI €JIeKTPUYHOI nievi 3 goma [1E i BCTaHOBIIEHO, IO 171 OTPMMAaHHS PigKoro
METasi30BaHOTro MPOAYKTY B TOPHI, BinaineHoMy Bin [1E mapoM 11aKky, MHOKHUK, 1110 BpaXOBY€ BIIUB KOHBEKLI y
BaHHi, Tpu KoedillieHTi CTallioHapHOI TEIJIOMPOBITHOCTI Ma€ CTAHOBUTU He MeHIe 2,7. Ha OCHOBIi 4ncenbHOTO
nocriinxeHHs enekTpoBuxposux Tediil (EBT) B ICIITIC snBapHOro Kjacy, OOIpyHTOBaHO 3aCTOCYBaHHS «IJIMOOKOI»
BaHHY, 1O CcIIpU4MHIOE B 1,3-8,4 pa3u 6inbi notyxHe EBT-nepemiuryBanHs 11 pisHux BapiaHTis I1E i, 3a paxyHOK
CKOPOYEHHS Iepioa JOBEAEHHS CTalli, CIIPYsE 3MEHIIEHHIO IIMTOMOI BUTPATU €JIEKTpOoeHeprii Ha 3-9 %.
JocninkeHo npolecu TeroooMiny 3 gpazosum repexopom d6imetaniyboro [1E B ymosax EBT B anopsiit simi ICTITIC
BHICOKOI IIOTYKHOCTIi. BCTaHOBJIEHO, 1110 PiBHOBa>XHA TOBIIMHA TBEPJ0i cTaseBoi yactuHu [1E 3HaxoouThCS B
KPUTWYHIN 3aJI€5KHOCTI Bifl INMPUHM NEPEXiAHOI 30HM Mifb-CTalb, gKa AJ1s CcTajoi ekciutyaTauii [IE Mmae He
nepesuiysaty 20-25 mMm. O61pyHTOBaHO KOHLen o [TE 3 KOHBEKTHBHUM MEXaHi3MOM Terionepenadi. Pozpobku
BIIPOBa>KeHi Ha 7 3aBogax, y JICIT micTkicTio Bif 3 mo 120 T. TexHiko-eKOHOMIUHI IOKa3HUKU 3a6€3I1eYy0Th TEPMiH
OKYITHOCTi pO3pO0O0K, SIK IPaBuJIo, 10 1 poky. Kito4oBi cyioBa: Ayrosa cTajelsaBuibHa MY, eHeproe(eKTUBHICTD,
quicesibHEe MOJeJIIOBaHHS, TEIIJIOMAacOOOMiH, IJIMO60Ka BaHHA, BOJLOOXOJIOIKYBaHi eJIeMeHTH, aclipalis, nonepenHin
HarpiB ckpany, emicis CO, CO2, PCDD /F, TepmoxiMiuHa pereHepaliisi IpMPOHOro rasy, Ij1aBubHO-BiJHOBHUM
[IPOLEC, EJIEKTPOBUXPOBI TeUil, IOL0BUN €JIEKTPOL,

2. The thesis is devoted to increase of energy efficiency of electric arc steelmaking furnaces (EAF) based on
development of theoretical ideas about processes of heat transfer, hydromechanics and electrovortex flows in the
EAF working space. Theoretically substantiated and experimentally confirmed the optimal, by criterion of energy
efficiency, ratio of diameter and depth of the bath, equal to 2.5-1.8 for various EAF energy-technological modes,
which reduces the heat loss with cooling water by 8.5-49 %, increase the bath heating and scrap melting rate by
12-25 %. Based on mathematical modeling of scrap melting and liquid bath heating processes, it was found that arc
energy efficiency decreases from 0.92-0.94 to 0.68-0.70 as the individual wells evolve to a common one. The
maximum relative reduction of specific electric power consumption of 2.5-7.5 % in EAF of various capacities is
achieved with the electrodes pitch diameter 0.42-0.49 of the working space internal diameter. It has been
established that in the EAF working space a tubular surface of the water-cooled elements (WCE) perceives the
effective values of heat flux, determining the thermal stress and stability of WCE, 12-55 % higher than the the heat
flux, evaluated for a flat surface, and the part of convective and condensation components of the thermal load on
the WCE add up to 31-37 % of the irradiation heat flux. The WCE with a spatial tubular structure have been



elaborated, for which theoretical and experimental data on the thermal state were obtained, confirming the
reduction of irradiation heat loss with cooling water by 20-35 % due to the created conditions for the formation of
a heat-accumulating and heat-insulating layer of the crust. By numerical studies of heat exchange in the foundry
class EAF, for the conditions of non-rhythmic operation, it has been determined and experimentally confirmed,
that the use of WCE with a spatial structure in the places of critical durability of the lining, does not increase the
energy consumption, comparing to the traditional fully refractory shell, with a relative area of WCE in the roof not
higher than 15-20 %, while reducing refractories consumption by 1.4-2.5 times. The concept of the EAF aspiration
system has been developed based on the joint gas-dynamic effect of dispersal and increasing the suction surface
with approaching it to the electrode gaps. The possibility of reducing fugitive emissions by 15-29 %, air inflow by
20-25 %, dust removal from the EAF by 20-50 % was experimentally shown. The energy-ecological concept of the
EAF exhaust gases heat utilization is developed. Based on the study of two-stage CO burning process in the EAF
afterburning chamber, the ratio of primary and secondary air 1 to 3.5 is determined, which ensures achievement of
the MPC of CO due to organization of a steady burning zone and obtaining a heat carrier for scrap preheating with
the temperature up to 500 °C, making impossible the formation of toxic PCDD /F. Based on thermodynamic
analysis, it is grounded that utilization of the heat and chemical potential of the EAF exhaust gases for
thermochemical regeneration of natural gas, followed by preheating of the scrap due to burning of synthesis gas,
increases the thermal efficiency of the «flat bath» EAF process by 5-6 %, reduces the consumption of natural gas
by 21 % and CO2 emission by 9.8 %. For elaborated liquid-phase carbon-thermal smelting-reduction process in a
heat-generating slag bath of an electric furnace with two bottom electrodes (BE), it was found that to obtain a
liquid metallized product in the hearth separated from the BE by a slag layer, the factor taking into account the
effect of convection in the bath at a coefficient of stationary thermal conductivity should be at least 2.7. Based on
numerical study of electrovortex flows (EVF) in the DC EAF of a foundry class, the use of a "deep” bath has been
substantiated, which allows to increase the EVF-mixing capacity for various BE types by 1,3-8,4 times, and, by
intensification of steel refining process, promotes to reduce the specific EAF energy consumption by 3-9 %. The
processes of heat exchange with the phase transition of bimetallic BE in the conditions of EVF in the anode well of
high power DC EAF are investigated and it is shown that the equilibrium thickness of BE solid steel part is in
critical dependence on the width of the transition copper-steel zone, which, for stable BE operation, should not
exceed 20-25 mm. The concept of BE with a convective mechanism of heat transfer is substantiated. The
developments have been brought to industrial implementation at 7 plants equipped by the EAF with a capacity
from 3 to 120 tons. High technical and economic indicators of elaborations ensure a payback period of
investments, as a rule, up to 1 year. Key words: electric arc furnace, energy efficiency, numerical modeling, heat-
mass transfer, deep bath, water-cooled elements, aspiration of dust-gas environment.
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