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1. Po3po6ka pecypcoedeKTUBHOI TEXHOJIOTii 00pOOKY CTajli Ha yCTAHOBL KiBII-TIiY HA OCHOBi OGI'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. TIponiec 06po6Ky cTaji Ha ycTaHOBL] KiBII-TIiy. HayKkoBe 06IpyHTYBaHHS pecypcoe@eKTUBHOI TeXHOJI0Tii 06pobKy
CTaJjii Ha YCTaHOBL KiBII-T1iY HA OCHOBI pallioHaJIbHOrO BapiaHTa pPO3TalllyBaHHS JOHHUX QYypPM y OHUII
CTaJIepO3JIMBHOrO KOBIIA, 10 3a0e311euye CKOPOUYEHHSI BUTPAT aproHy Ta €JIEKTPOEHEPrii Ha TOBEIEHHS METAy 3a
CKJIaJIOM i TeMIIepaTypoIO; MiBUIIEHHS CTIKOCTI BOTHETPUBKOI (PyTEPOBKY; MOJIMIIEHHS SIKOCT]
0e3MepepBHOJINTHUX i IEPEPOOHMX 3arOTOBOK IO XiMi4Hiil i CTPYKTYpPHill HEOJHOPiAHOCTI, BMiCTY i po3noginy
HEMETAJIEBUX BKJIIOYEHD. B pOOOTi 3aCTOCOBaHI Cy4acHi MeTou O6POOKM CTaTUCTUYHUX JAHUX, BOCKOHAJIEHI
METOAMKU YMCEIbHOIO MOZEIIIOBAHHS, PO3PAXyHKOBO-aHAIITUYHOI OL[iHKY i IIOCTAHOBKU IIPOMMCJIOBUX

€KCIIepUMEHTIB. BCTaHOBJIEHO, 1110 YaCcTKa €JIeKTPOEHePTii, 1110 BUTPAYa€eThCSl HA KOMIIEHCALLil0 TeNJIOBUX BTPAT



KOBIIOBOI BaHHM IIiJ], YacC IIPOIyBKU aproHOM ckiazae 68,8 % - 72,8 %. O6rpyHTOBaHi TeHeHLii HijBUIEHHS
BUTpPATH eJIeKTpOeHeprii Ipu 36ibLIeHHI TPUBANIOCTi 0OPOOKM PO3IJIaBy Ha YCTAHOBL KiBII-TIiY 332 paXyHOK HOTO
0XO0JIOIPKEHHS 3i WBUIKicTIO Bix 0,5 1o 1,75 rpag,/xB. OTpumaHa HOBa JOCTOBipHA iHdOpMallis PO rifpoAuHaMIiuHi i
TEIJIONIEPEHOCHI ITPOLIECH, Ki CYIPOBOIPKYIOTh M03aIiYHy OOPOOKY CTasli Ha YCTAaHOBLI KiBII-IIi4 IIPU
nepeMilllyBaHHi po3IaBy iHEPTHUM ra3oM uepes NOoHHI pypmMu. JJOoCIiIKeHHSIMU MTPoLeCiB 06POOKU PO3ILIABY B
KOBUIOBIi BaHHI BU3HaY€Ha MOXUJIMBICTD NiABUILIEHHS e(PEeKTUBHOCTI llepeMilllyBaHHSI 32 paxyHOK 3MiHU
poO3TallyBaHHS JOHHUX (QYpM, B TOPiBHSIHHI 3 BUKOPMCTOBYBAaHUM HOMIHaJIbBHUM KOMIIOHYBQJIbHUM BapiaHTOM.
BusHaueHo, 1o 17151 JOCiIP)KeHUX BapiaHTiB BigmanenHs ¢dypm Big neHTpa guuma kosma (0,5RIH - 0,7R1IH)
Ha6inbII epeKTUBHE IepeMilllyBaHHS JOCITAEThCS IJ1sl TAKMX BapiaHTiB IX po3MillleHHS, IIPU SIKUX KYT MK HUMUA
ctaHoBUTh 80 - 100 rpapyciB. Po3ramyBaHHs ¢pypM 3 KyTamMU B LIMX MeKax 3abe3redye CKOpOYeHHs TPUBAJIOCTi
yCepeIHEeHHs MeTasly B KOBIIi Ha 4 - 15% Ta 3MeHIIeHHs 06'eMy 3aCTiliHUX 30H 10 16% BinH. BcTaHOBIIEHO, 11O
BEPXHSI M€>XXa BUTPATU aproHy Ha piBHi cTabinisauii mBUIKOCTI MOTOKIB i TPMBAJIOCTi TOMOreHi3allii po3IiaBy 11
IOCTiI)KeHUX BapiaHTIB po3TallyBaHHs JBOX IOHHUX (PypM BiflllOBifae BUTpaTi aprony B gianasoHi 800 - 1000 s1/xB
Ha KiBII MicTKicTio 250 T. Ha OCHOBi OTpMaHUX TEOPETUYHUX Pe3yJIbTaTiB po3pobieHa i B ymosax [TAT

" JHINIPOBCBHKUI METANyPriiH1I KOMOIHAT" BUIIPOOYBaHA TEXHOJIOTISI OOPOOKM CTasli Ha YCTaHOBL KiBHI-i4, 110
BiIpi3HS€THCSI HECUMETPUYHUM BifIajIeHHSIM JBOX IOHHUX (PypM Bif LleHTpa JHUIIA CTaJIePO3JIMBHOTO KOBLIA,
BCTAHOBJIEHHSIM JIBOX I1€PiOJIiB IIPOAYBKU APrOHOM 3 JOTPMMAHHSM 3arajbHUX MOrO BUTPAT y Mepiofax 3rigHo 3i
crniBBifHOmMeHHIM 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 MiJBUILEHHS CTIMIKOCTI BOrHeTpuBKOi PyTepoBKU B KammnaHii Ha 10,7 - 18,9 %, nifBUIIUTY CTPYKTYPHY
OJIHOPiJHICTD i BMEHIINTY 3a0PyIHEHICTh MeTaly HEMeTaJIeBUMU BKJIIOYEHHsIMU 3 2,5 - 3,5 10 1,5 - 2,0 6anis.
Pe3ysnbTaTtu [OCIiIKEHD, SIKi HABEAEHi B AUCEPTalliliHill poOOTi, pPEKOMEHIYIOThCA IJIs TOJAJIbIIOr0 BUKOPUCTaHHS
Ha METaNypriHUX MigIprueMCTBaxX YKpaiHU 11 YTOYHEHHSI KOMIIOHYBAJILHUX [IapaMETPiB pO3TallyBaHHS JOHHUX
(dypM B CTasIepO3JIMBHUX KOBIIAX Pi3HOI MiCTKOCTI, TEXHOJIOTIYHUX PEXXUMIB IPOJYBKU Ta €JIEKTPOLYTOBOTO

nigirpiBy Ha yCTaHOBKAX KiBII-ITi4 3 METOIO 3MEHILIEHHS BUTPAT MaTepiajlbHUX i EHEPreTUYHUX 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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