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

Pedepar:

1. Pobota npucssueHa rnpobsemi nigpuieHHs ekoHoMmivyHocTi EIIIT, sskocTi Ta cTabibHOCTI KOMIIJIEKCY
BJIACTMBOCTE! CTajel i CIIaBiB 3a paXyHOK CTBOPEHHSI CIIPUSITIMBUX YMOB (OPMYBaHHS 37UTKIiB. B nucepraii
PO3BUHYTO TEOPETUYHI YSIBJIEHHS 1010 (Pi3NKO-XiMiYHUX i TernmomacoobMiHHuX npouecis rpu EIIIT Ta
BUIIPOOYBAHO HOBI IIPAKTUYHi MiTX0AU 110 iX BOCKOHAJIEHHS BUKOPUCTAHHIM PiIKOrO MeTajy 3aMiCTb BUTPATHOTO
€JIEKTPOZA. 3alpOIIOHOBAHO 3aCTOCYBAHHS HOBUX TEXHOJIOTIYHUX CXEM €JIEKTPOLIIIAKOBOI'O IPOLECY 3 PiTKUM

METAJIOM Ta O6FPYHTOB8HO ,I[OLliJIbHiCTb ix BUKOPUCTAaHHA [JI BI/IpO6HI/IU,TBa BEJIMKOBAroBUX 3JIUTKIB JJIs1



Bi/INOBiaIbHUX BUPOGIB (30KpEeMa, KOMIIO3UTHOTO POTOPY IJIsl Cy4aCHUX €HEPreTUYHUX TYpOiH i peiiok npemiym
SIKOCTi). AHa/Ii30M YMOB MPOTiKaHHS Qi3MKO-XiMiYHUX i MACOOOMIHHUX IIPOLIECIB B cUCTEMI LJIaK-MeTal [1py
€JIEKTPOILJIAKOBOMY IIE€PEILJIaBi 3 BATPATHUM €JIEKTPOOM i 3 PiIKUM METaJIOM BCTaHOBJIEHA BJBiUi MEHIIA
noBepxH4 pearysaHHs npu EIIIT PM nopiBHsiHO 3 knacuynuM EINTI (3 koedinienTom 3anosHenHs 0,6...0,7).
[TokasaHa MOXKJIMBICTD MTOJAHHS MeTaly 40 Kpucraizaropa 3a 70...90 K Huk4y Temrieparypy, o LO3BOJISIE
3011bIMTY NPOAYKTUBHICTb ITpouecy EIIIT PM nopiBusiHO 3 knacuynum EIIT no 15% npu 36epeskeHHi Takoi K
SIKOCTI 3/IUTKA. BcTaHOBJIEHO, 1110 I1JIiBKA HA TOPLi €JIEKTPOia HE € BUPillajbHOIO CTafi€lo B rIpoleci pagiHyBaHHSs
npu kiacuy"omy EIITT, ockinbsku npu ELNIIT PM y BiicyTHOCTI BUTPATHOTO €JIEKTPOAA 6YJI0 SOCSTHYTO OJHAKOBUI
CTYIiHb BUJAJIEHHS CipKU Ta 6JIU3bKUM PO3IIOZL i XiMiYHUI CKJIa] HEMeTaleBUX BKIIOUeHb. JJOCIiIKeHo pyX i
HarpiB Ta OLiHEHO BIIUB CTYyIIE€HIO fedopMallii Kparnesb piAkoro MeTaly B PO3IJIaBJI€HOMY IIapi LIJIaKy 3
ypaxyBaHHSM MOTOKIB MeTaJly B iX 06’emi. TEOPETUYHO OKa3aHO Ta €KCIEPUMEHTAbHO JOCTIKEHO TeXHOJIOTIIO
EIIIT PM ni1 OTpUMaHHS KOMITIO3UTHUX 3JIMTKIB 3 TEIJIOCTiNKuUX cTanel 12X13 ta 38XH3M®A 3 30HOI0 3'eJHAHHS
rapaHTOBAHOI SIKOCTi 1151 POTOPiB TYpOiH HOBOT'O IIOKOJIiHHSI. BUKOHAHO pO3paxyHKOBO-aHAaMITUYHE Ta
€KCIIEPMMEHTAJIbHE OOI'PYHTYBAaHHS IiOpPUIHOIO IIPOLIECY, IO IIOEAHYE €JIEKTPOLITIAKOBUI MilirpiB MEHICKY MeTaly
i 6esnepepBHe posnuBaHHA ctaii (EIUI+BP) 3 MeTo0 3MeHIIeHHs LBUIKOCTI BUTSTYBAHHS JIMTOI 3aTOTOBKU 6€3
nopyueHHs: pOpMyBaHHS ii TIOBepxHi 1J1s1 BUPOOHUIITBA LOBIOMIPHOI IPOAYKII (3arOTOBKU [1JIs1 3a/1i3HUYHUX PENOK
i Biceil, BayKKUX 0aJIOK, LIBEJIEPiB TOILLO) HA IPUKJIAJi Cy4acHUX PeNoK 3 BUCOKOMILHO] cTasi. Ha ocHOBI
y3araJlbHEHUX Pe3yJbTaTiB TEOPETUYHHUX i €KCIIEPUMEHTAJIbHUX AOCiIKEHD, B TOMY YMCJIi MATEMAaTUYHOTO
MOJIeJIIOBaHHS, PO3POOJIEHO TEXHOJIOTIYHI peKOMeHAalii o0 MTPOEKTYBaHHS TexHOJIoriYHoro npouecy EIIIT PM
IIJIs1 BUTOTOBJIEHHSI 3/UTKIB miameTpoM 500-2500 MM, IpoBeieHo iX anpoobatiiio Ta BpoBaKkeHHs. [IpoBeneHo
TEXHIKO-€KOHOMIYHi pO3paxyHKM MOKa3HUKIB 3acTocyBaHHs npouecy ELIIT PM 3amicts kimacuynoro EIIITy

BMPOOHHULITBI TEIJIOCTIMKUX Ta PEMKOBUX CTAJIEH Ta JOBELEHA €KOHOMIYHA €(PEKTUBHICTh MOr0O 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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