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3JIUTKIB.

2. Scientific foundations of electroslag process with liquid metal for solid and composite ingots manufacturing.

Pedepar:

1. PoboTa npucssuena rnpobsemi nigpunieHHs: ekoHoMivyHocTi EIIIT, skocTi Ta cTabiIbHOCTI KOMILJIEKCY
BJIACTMBOCTE CcTaseil i CraBiB 3a paxyHOK CTBOPEHHS CIIPUSITIUBUX YMOB GOPMYBaHHS 37UTKIB. B nuceprarii
PO3BUHYTO TEOPETUYHI YsBJIEHHS WOA0 (iduKO-XiMiuHUX i TeriomacooObMinHuX npotecis rpu EIIIT Ta
BUIIPOOYBAHO HOBI IPAKTUYHi MifXOAM [0 iX BOOCKOHAJIEHHS BUKOPUCTAHHIM PiIKOTO METay 3aMiCTb BUTPATHOTO
€JIEKTpOZa. 3alIpOIIOHOBAHO 3aCTOCYBAHHSI HOBUX TEXHOJIOTIYHMX CXEM €JIEKTPOILLIIAKOBOTO MPOLECY 3 PiAKUM
METaJIOM Ta OOIPYHTOBAHO JOLIBHICTD iX BUKOPUCTAHHS J1711 BADOOHUIITBA BEJIMKOBArOBUX 3JIUTKIB IS
BiATIOBiaJIbHMX BUPOOIB (30KpeMa, KOMIIO3UTHOTO POTOPY 151 CY4aCHUX €EHEPreTUYHUX TypOiH i pefiok pemiym
SIKOCTi). AHaJIi30M YMOB IIPOTiKaHHS (i3UKO-XiMiYHUX i MACOOOMIHHUX NPOLECIB B CUCTEMI LIJIAK-MeTaJ [IPU

€JIEKTPOIIJIAKOBOMY IIE€PEIJIaBi 3 BATPATHUM €JIEKTPOJOM i 3 PiIKUM METaJIOM BCTAHOBJIEHA BABiUi MEHIIA



noBepxH4 pearysaHHs npu EIIIT PM nopiBHsHO 3 knacuyauM EIIT (3 koedinienToMm 3anosHenHs 0,6...0,7).
[TokasaHa MOXKJIMBICTb IIOJAHHS METAJy 10 Kpucrasuizaropa 3a 70...90 K Hwk4y Temneparypy, o LO3BOJISIE
3011bIMTY IPOAYKTUBHICTb nTpouecy EIIIT PM nopiBusiHO 3 knacuynum EIIT no 15% npu 36epeskeHHi Takoi K
SIKOCTI 3JIMTKA. BCTaHOBJIEHO, 1110 IJIiBKA HA TOPLi €JIEKTPOIa HE € BUPIlIaJbHOIO CTaZi€lo B poueci pagpiHnyBaHHs
npu ksnacuyHomy EINIT, ockinpku npu EIUIT PM y BiiCyTHOCTI BUTPATHOTO €J1€KTPoAa OYJI0 LOCSITHYTO OJHAKOBUI
CTYIIiHb BUJAJIEHHS CipKU Ta 6JIU3bKUM PO3IIOLL i XiMiYHUI CKJIa], HEMeTaleBUX BKIIOUeHb. JJOCiIKeHo pyX i
HarpiB Ta OLiHEHO BIIUB CTYIIEHIO AedopMallii Kparnesb piAKoro MeTaly B PO3IJIaBJI€HOMY IIapi LIJIaKy 3
ypaxyBaHHSM MOTOKIB MeTaJly B ix 06’emi. TeOPETUYHO JOKa3aHO Ta €KCIEPUMEHTAIBHO JOCIIKEHO TEXHOJIOTIIO
EIIIT PM nyist OTpMaHHSI KOMITO3UTHUX 3JIMTKIB 3 TETJIOCTiNKUX craneit 12X13 ta 38XH3M®A 3 30H00 3'€THaHHS
rapaHTOBAHOI SKOCTi 1J1s1 POTOPiB TYpOiH HOBOT'O IIOKOJIiHHS. BUKOHAHO pO3paxyHKOBO-aHaIiTUYHE Ta
€KCIIEPMMEHTAJIbHE OOI'PYHTYBAaHHS riOpUIHOrO IIPOLECY, IO MOEAHYE €JIEKTPOLIIAKOBUI MilirpiB MEHICKY MeTaly
i 6esniepepBHe posnnBaHHA craii (EIUI+BP) 3 MmeTo0 3MeHIIeHHs IBUIKOCT] BUTSATYBAaHHS JIMTOI 3aTOTOBKU 6€3
nopyueHHs: pOpMyBaHHS ii [1IOBepxHi 1J1s1 BAPOOHUIITBA LOBIOMIPHOI IPOAYKIi (3arOTOBKU 117151 3aJ1i3HUYHUX PEeoK
i Biceil, BayKKUX 0aJIOK, LIBEJIEPIB TOILO) HA IPUKJIAJi Cy4aCHUX PENOK 3 BUCOKOMILHO] cTasi. Ha ocHOBI
y3araJlbHEHUX PEe3yJIbTaTiB TEOPETUYHUX i €KCIIEPUMEHTAJIbHUX AOCHIIPKEHD, B TOMY YMCJIi MATEMAaTUYHOTO
MOJeJIIOBaHHS, PO3PO6JIEHO TEXHOJIOTIYHI peKoMeHJallii 040 TPOEKTYBaHHS TexHoJoriyHoro npouecy ELIIT PM
IIJIs1 BUTOTOBJIEHHSI 3/UTKIB miameTpoM 500-2500 MM, IpoBeieHo iX anpobatiiio Ta BpoBaKkeHHs. [IpoBeneHo
TEXHIKO-€KOHOMIiYHi pO3paxyHKM MOKA3HUKIB 3acTocyBaHHA npouecy ELIIT PM 3amicts knacuynoro EIIITy

BUPOOHHULITBI TEIJIOCTINKUX Ta PEUKOBUX CTaJIEl Ta JOBeJeHa eKOHOMIYHA e(PeKTUBHICTh MOT0 3aCTOCYBaHHSI.

2. This work is devoted to increasing the efficiency of electroslag remelting and both quality and stability of the
steels and alloys properties due to creating favorable conditions for ingot formation. The dissertation develops
theoretical grounds of physicochemical and heat and mass transfer processes at the ESR. It checks the new
practical approaches to their implementation using liquid metal instead of the consumable electrode. It offers the
application of new technological schemes of Electroslag Remelting with Liquid Metal and the practicality of their
use for the production of heavy ingots for critical parts (i.e. composite rotor for modern power turbines and
premium quality rails). Comparison analysis of the physicochemical and mass transfer processes at the ESR (with a
consumable electrode with a fill factor 0.6...0.7) and the ESR LM has shown that in the last case the total surface of
interaction is twice less, and overheat of metal coming into the mould is 70...90 K lower. Reducing the metal
overheat allows increasing the ESR LM process productivity compare to the classic ESR up to 15% while
maintaining the same quality of the ingot. It was stated, that the film on the tip of an electrode at classical ESR is
not the critical stage in the process of refining from sulfur, because at the ESR LM at no consumable electrode the
same degree of sulfur removal was reached. connection. Computational-analytical and experimental
substantiation of the hybrid process combining electroslag heating of the metal meniscus and continuous casting
of steel (ESR+CC) to reduce the rate of the casting (withdrawing) without disturbing its surface formation was
made. It is expedient for long products (railway rails and axles, heavy beams and channels, etc.) as was checked on
the example of rails made of high-strength steel. Industrial tests have shown the possibility of ESR slag ANF-28M
(40/15/25 /15 /5) using on the caster (CC) meniscus. The use of the ESR way for the meniscus heating allows
reducing the withdrawing speed of a billet by almost three times, thus, to improve the internal structure, density
and homogeneity of the billet metal while maintaining the quality of its surface. Schemes for the ESR LM
implementation as part of a hybrid process for CC using a current-supplying mould and the electroslag remelting
way for rails production at a micro-mill were developed.
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