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1. Po3po6ka pecypcoedeKTUBHOI TEXHOJIOTii 06pOOKM CTajli Ha yCTAHOBL KiBII-I1iY HA OCHOBi OOI'PYHTOBaHOTO

po3TallyBaHHS JOHHUX QypM

2. Development of resource-efficient technology of the treatment of steel in the ladle furnace based on the
rationale locations of purge plugs

Pedepar:

1. TIponjec 06po6KHU cTaji Ha yCTaHOBL] KiBII-NIi4. HayKoBe O6IpYHTYBaHHS peCcypcoe(eKTUBHOI TEXHOJIOTii 06po6KU
CTaJli Ha YCTAaHOBLI KiBII-TIiY HA OCHOBI pallioHaJIbHOTO BapiaHTa pO3TallyBaHHS JOHHUX QYyPM y OHUIII
CTaJIepO3JIMBHOTO KOBIIA, 10 3a6e311eyye CKOPOUYEHHS BUTPAT aproOHy Ta €JIEKTPOEHEPTii Ha TOBELEHHS MEeTaly 3a
CKJIaJIOM i TeMIIEpaTypOIO; MiJ|BUIIEHHS CTiIKOCTi BOTHETPUBKOI (PyTEPOBKY; MOJIMNIIEHHS SKOCTI

0e3MepepBHOJINTHUX i IEPEPOOHMX 3arOTOBOK IO XiMi4Hil i CTPYKTYPHill HEOIHOPIAHOCTI, BMICTY i po3noainy



HEMEeTaJeBUX BKJIIOYeHb. B po6OTi 3acTOCOBaHI Cy4acHi MeTou 06pOOKY CTATUCTUIHUX JaHUX, BHOCKOHAJIEH]
METOAVKU YUCEJIbHOTO MOJEIIOBAHHS, PO3PaxXyHKOBO-aHAIITUYHOI OL[iHKY i TOCTAaHOBKYU IIPOMUCJIOBUX
€KCIIEpUMEHTIB. BCTaHOBJIEHO, 110 YaCcTKa €JIEKTPOEHEPTii, 110 BUTPAYa€ThCSl HA KOMIIEHCALLiI0 TENJIOBUX BTPAT
KOBIIOBOI BaHHM iJ] 4ac IIPOJIyBKU aprOHOM ckiiazae 68,8 % - 72,8 %. O6rpyHTOBaHi TeHEHLii NiBULIEHHS
BUTPATHU €JIEKTPOEHEePrii py 306ibLIeHH] TPUBAIOCTI 06POOKU PO3IIABY HA YCTAHOBL KiBII-TiY 32 paXyHOK Or0
0XO0JIOIKEeHH 3i BUIKicTIO Bix 0,5 1o 1,75 rpag /xB. OTpuMaHa HOBa JOCTOBipHA iHdOpMallis PO rifpoAHaMIyHi i
TEIJIONIEPEHOCHI ITPOLIECH, SKi CYIIPOBOPKYIOTH M103aIliYHy OOPOOKY CTaJli Ha YCTaHOBLIi KiBII-Ii4 IIPU
nepemillyBaHHi pO3IJIaBy iHEPTHAM ra3oM uepe3 AOHHI GpypMu. JOCIiIpKeHHSIMU NIPOLeCciB 06POOKY PO3ILIaBy B
KOBIIOBIi BaHHI BU3HaY€Ha MOXUJIMBICTD iABUIIeHHS e(EeKTUBHOCTI IlepeMilllyBaHHSI 32 paxyHOK 3MiHU
pO3TallyBaHHS JOHHUX (QYpPM, B TOPiBHSIHHI 3 BUKOPMCTOBYBAaHUM HOMIHaJIbHUM KOMIIOHYBQJIbHUM BapiaHTOM.
BusHaueHo, 1o 17151 JOCiIKeHUX BapiaHTiB Bigmanends ¢dypm Big neHTpa guuma kosma (0,5R1IH - 0,7R1IH)
HaloOinb eeKTUBHE NepeMilllyBaHHS JOCITAEThCS 7151 TAKUX BapiaHTiB ix po3MillleHHS, IPU SIKUX KyT MK HUMU
ctaHoBUTh 80 - 100 rpanmyciB. Po3ramyBaHHs ¢pypM 3 KyTamMU B LIMX MeKax 3abe3redye CKOpOYeHHs TPUBAJIOCTi
ycepelHEeHHs MeTasly B KOBIIi Ha 4 - 15% Ta 3MeHIIeHHs 06'eMy 3acTiliHUX 30H 10 16% BifH. BcTaHOBIIEHO, 11O
BEPXHSI M€XXa BUTPATU aproHy Ha piBHi cTabinisauii mBUIKOCTI MOTOKIB i TPMBAIOCTi FTOMOreHi3alii po3mniaBy [
IOCJTiI)KeHNX BapiaHTIB po3TallyBaHHs JBOX IOHHUX (PypM BiflloBifae BUTpati aprony B mianazoHi 800 - 1000 s1/xB
Ha KiB1 MicTkicTio 250 T. Ha OCHOBi OTpMaHuX TEOPETUYHUX pe3yJIbTaTiB po3pobieHa i B ymosax [TAT

" JHINPOBCBHKUI METaNypriiH1i KOMOIHAT" BUIIPOOYBaHA TEXHOJIOTISI OOPOOKM CTasli Ha YCTAaHOBL KiBHI-MiY, 110
BiIpi3HS€TbCS HECUMETPUYHUM BifIIaJIeHHSIM [BOX JOHHUX (ypM BiJl LIEeHTPa AHUIIA CTAJI€PO3JIMBHOTO KOBIIA,
BCTAHOBJIEHHSIM JIBOX I1€PiOJIiB TPOAYBKU APrOHOM 3 JOTPMMAHHSM 3arajbHUX MOrO BUTPAT y Mepiofiax 3rigHo 3i
crniBBifHOMeEeHHSIM Q2=0,5Q1 Ta 3a6e3ne4eHHsIM TaKOTo X CIiBBiIHOIEHHS Ha KOXHY (pypMy. BUKOprCTaHHS Takoi
TEXHOJIOTII 3a iHIIMX PIBHUX YMOB J03BOJISI€ 3MEHIIUTY BUTPATy aprony Ha 18,4 % i enexkrpoeneprii go 3,8 %,
IOCSIITY MiABUILEHHS CTIMKOCTiI BOrHeTpuBKOi pyTepoBku B KammnaHii Ha 10,7 - 18,9 %, mifBUIIUTY CTPYKTYPHY
OJIHOPiAHICTb i 3MEHIINTH 3a0pYyIHEHICTh METaJly HEMETAJIeBUMU BKJIIOUYEHHIMU 3 2,5 - 3,5 10 1,5 - 2,0 6aiB.
PesynbTaTu JoCiIXeHb, IKi HaBeeHi B AucepTaliliHiil poOOTi, pPEKOMEHAYIOTbCS A4J1s [10HAbIIOTO BUKOPUCTAHHS
Ha METaNypriHuX MiAIprueMCTBaxX YKpaiHu 11 YTOYHEHHS KOMIIOHYBaJIbHUX IIapaMeTPiB pO3TallyBaHHS JOHHUX
dypM B CTasIepo3IMBHUX KOBIIAX Pi3HOI MiCTKOCTI, TEXHOJIOTIYHUX PEXXUMIB IPOJYBKU Ta €JIEKTPOLYTOBOTO

HigirpiBy Ha yCTaHOBKAXx KiBII-IIi4 3 METOIO0 3MEHILIEHHS BUTPAT MaTepiajlbHUX i EHEPreTUYHNX PECYPCIB.

2. The process of steel treatment in the ladle furnace. The scientific substantiation of the resource-efficient
technology of the treatment of steel in the ladle furnace based on the rationale locations of purge plugs in the steel
ladle, which provides decreasing of consumption of argon and electricity; increase of refractory lining
performance; improvement of the quality of continuous and processing billets due to chemical and structural
heterogeneity, content and distribution of non-metal inclusions is presented. Modern methods of statistical data
processing, advanced numerical simulation methods, calculation and analytical estimation and providing of
industrial experiments are used in this paper. It was established that the share of electricity consumed to
compensate for the thermal losses of the steel pool during argon purging is 68.8% - 72.8%. The tendencies of
increase of electricity consumption with increasing the duration of the treatment of steel in the ladle furnace due
to cooling of the melt from 0.5 to 1.75 degrees /min are presented. The new reliable information about
hydrodynamic and heat transfer processes, which accompany the treatment of steel in the ladle furnace while
stiring the melt with an inert gas through the purging plugs was obtained. The research of the processes in the
steel pool has determined the possibility of increasing the mixing efficiency due to the change in the location of
the purging plugs, compared with the nominal layout. It is determined for investigated variants of distance of
purging plugs from the center of the bottom of the ladle (0.5RDn - 0.7RDn) that the most effective stirring is
achieved for such variants of the purge plugs location, in which the angle between them is 80-100 degrees. The
location of purging plugs with the angles within these limits reduces the duration of the mixing of the metal in the
ladle by 4 - 15% and reduces the volume of stagnant zones to 16% relative. It has been established that the upper
limit of argon consumption at the level of stabilization of flow's speed and the duration of homogenization of the
melt for the investigated variants of the location of two purging plugs corresponds to argon consumption in the



range of 800 - 1000 I/min on the ladle. On the basis of the obtained theoretical results, the technology of the
treatment of steel in the ladle furnace was developed and in the conditions of PJSC "Dniprovsky Iron & Steel
Integrated Works", which is characterized by asymmetric distance of two purging plugs from the center of the
ladle bottom, by the establishment of two periods of purging with argon with the observance of its total
consumption in periods according to the ratio Q2 = 0,5Q1 and providing the same ratio for each plug. Using such
technology will reduce the consumption of argon by 18.4% and electricity by 3.8%, increase the resistance of the
refractory lining in the campaign by 10.7 - 18.9%, improve structural homogeneity and reduce nonmetallic
inclusions from 2.5 - 3.5 to 1.5 - 2.0 points. The results of the research presented in the dissertation paper are
recommended for further use at metallurgical plants of Ukraine to clarify the layout parameters of the location of
purge plugs in steel ladle, technological purging modes and electric arc heating at ladle furnace in order to reduce
the consumption of material and energy resources.
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