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2. Physic-chemical processes at the ESR and slags development to improve the efficiency of remelting of the high-
strength steels

Pedepar:

1. IucepraujiiiHa po60oTa NpUcBsAYeHa NOCIIIKEHHIO 0CO0IMBOCTEN (Di3UKO-XiMiUHOI B3aEMO[Iii B CCTeMi ra3-uiak-
MeTaJl [Py eJIeKTPOILIaKOBOMY Neperuiasi. Ha 11iii o0CHOBi po3po671€HO HOBI IIaKy, 10 NOKPAILLYIOTh €HEPreTUYHI
IapaMeTpy IIPOLeCy Ta SKiCTb 3JUTKIB 3 BUCOKOMIIIHMX Mapok cTajieil. B po6oTi npoaHasnizoBaHo ¢i3uKo-xiMiyHi
B3aeMOJii Ta CKJIaIeHO aHAJIITUYHY IPOLEeYyPY OLiHKU (Pi3UKO-XiMiYHY MOJI€JIb) €JIEKTPOIIJIAKOBOTO NEPEIIaBy B
iHepTHi aTMocdepi, BilIOBIIHO A0 SIKOi Maca MeTaJly i BCiei pearyio4oi CUCTeMu ra3-ulak-mMeTai 30iIbIyI0TbCS
I10 Mipi pO3IJIaBJIEHHSI BUTPATHOTO €JIEKTPOLY, @ Maca MIJIAKy i rasdy 3aJMIIA€TbCS YMOBHO NIOCTIHHNMUY, 1O
I03BOJIsIE pO3paxoByBaTy AuHaMiKy npouecy EIIIT B 3axucHiit atmocdepi. [TokazaHo, 110 IJIaK OKUCHIOE aKTUBHI
€JIEMEHTH 3i CKJIaly METaJy, IO € 0COOJIMBO BiIYyTHMM Ha IOYaTKOBOMY €Talli IeperiaBy: Ipy HarasyaeHHi 20 %
mac. metany (ctanb 316L) B maky (okcugHo-dropuaHi ckiany) 3'asisitorecs 0,02 - 0,05 % mac. MnO Ta mo 0,01 %
mac. FeO BMicT sIKUX nifiBUILYeThCS IO KiHIS nepensasy. Tijlbky Ipy BUKOPUCTaHHI GTOpUAHOro miaky (= 97 %
mac. CaF2) BMiCT IMX OKCHUIB B IJIaKy 3HMKY€eThCs (Micig nepemiasy 40 % metany). Ha nifcrasi pe3ysibTaTis
(}i3uKO-XiMiYHOTO MOZIETIOBaHHS, €KCIIEPUMEHTAIbHUX AOCiIKEHb BIaCTUBOCTEN IIJIAKOBUX CUCTEM Ta
IIPOMUCJIOBOTO BUIIPOOYBAHHS 3alIPOIIOHOBAHO HOBI ckiaau uiakis: - [lnak AH®-39 (% mac.) 29 - 35 CaF2 / 30 -
36 Al203 / 27 - 32 CaO / 2 -4 MgO /1 - 3 SiO2 pexomeH10BaHO Ha 3aminy uuiaky AH®-6 nyis EIIIT seroBanux
iHCTpyMeHTa/IbHUX CTaJleil B CTallioHApHUX KpUcTanisatopax. [TopiBHsHO 3i mnakom AH®-6, HoBuit ckiag AHO-39
3abe3nevye 3HKEHHS BUTpAT esieKTpoeHeprii B npoueci ELIIT (Ha 15 %) i He YMHUTDL CYTTEBOI OKUACIIIOBABHOI Iii Ha
MeTaJl (BMiCT OKCHJHUX HEMeTasleBUX BKJtodeHb Ha 0,5 6anu Huwkue). - [llnak AHP-37 (% mac.): 35 - 40 CaF2 /18 -
25 A1203 / 30 - 35 CaO / 10 - 16 SiO2 3aBAsKy AOCTATHI KiJIbKOCTI IBOKaIbLi€BOTO cuiikaty (34-37 % mac.
2Ca0-Si02) 3a6e3neuye N0BiIbHE BULATEHHS FAPHICaXYy i3 30BHILIHIX Ta BHYTPIlIHIX IOBEPXOHb OPOXHUCTUX
37IMTKIB. Llel mak 3anponoHOBAaHO 151 BIPOBAI>)KEHHS Ha MiIIPUEMCTBAX, 1110 BUTOTOBJISIIOTh MeTonoM EIITIT
BEJIMKOBAroBi TPyou Ta 000JIOHKH, 30KpeEMa [1J1s1 TEIJIOBOI eHepreTuku. CKiIaZieHoO TEXHIUHI yMOBM Ha HOBI CKJIaAu
mtakis: TY V 20.5-05416923-112:2015 (AH®-39) ta TY V 20.5-05416923-109:2014 (AHO-37).

2. The thesis is devoted to the study of the peculiarities of physicochemical processes in the gas-slag-metal system
inherited to the electroslag remelting (ESR). On this basis, the new slags have developed, which improve both the
energy efficiency of the process and quality of the ingots from high-strength steel grades. The physicochemical
interactions were analysed, and the analytic procedure (physicochemical model) of the ESR process in an inert
atmosphere has formulated. According to this model the mass of metal and entire gas-slag-metal reacting system
increase while remelting of the consumable electrode, and the masses of slag and gas phases remain constant that
allows us to calculate the dynamics of the ESR process in a protective atmosphere. It was shown that the slag
oxidises the active elements from a steel that is especially visible at the early stage (first third) of the remelting.
When 20 % wt. of metal (steel 316L) remelted under the slag (oxide-fluoride composition), the MnO (0,05-0,07
%wt.) and FeO (up to 0.01 %wt.) both appear, and their contents rise till the end of the remelting. Under fluoride
slag (= 97 % CaF2) only the content of these oxides decreases while remelting (after 30 min of melting). Based on
the results of physicochemical modelling, experimental research of the slag systems properties and pilot tests the
following new slags have proposed: Slag ANF-39 (% wt.) 29 - 35 CaF2 / 30 - 36 Al203 / 27 - 32 CaO /2 -4 MgO /
1- 3 SiO2 is recommended to replace the ANF-6 slag for ESR of tool steels in stationary moulds. In comparing with
ANF-6, the new ANF-39 slag provides a reduction of electricity consumption while ESR (to 15%) and does not
significantly oxidise a metal (the content of oxide non-metallic inclusions is 0.5 points lower). Slag ANF-37 (wt.%):
35 -40 CaF2 /18 - 25 Al203 / 30 - 35 CaO / 10 - 16 SiO2 due to the sufficient amount of dicalcium silicate
(2Ca0-Si02 - 34-37%) provides the self-disintegration of the slag skull from both the external and internal surfaces
of hollow ingots. This slag is proposed for the ESR of heavyweight pipes and shells, in particular for power
generation. The technical specifications for new slags were made: TU U 20.5-05416923-112: 2015 (ANF-39) and TU
U 20.5-05416923-109: 2014 (ANF-37).
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