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Apenodau H.A. Po3poOKa TEXHOJIOTTYHUX 3acaj] OKUCIIOBAIBHOI MIPOJYBKH B
CTaJIEPO3IMBHOMY KOBIII NMPU BUPOOHUIITBI CTAJl 3 HU3BKUM BMICTOM BYTJIEIIO. -
KranidikamiitHa HaykoBa mparisi Ha IpaBax PYKOIMHCY.

Hucepranis Ha 37400yTTS HAyKOBOTO CTyHEHs JoKTopa (dinocodii 3a
cnemianbHicTiIO 136 — Meranypris. — IHCTUTYT 4YOpHOI MeTanmyprii im.
3.1. Hekpacoa HarionanbHoi akanemii Hayk Ykpainu, Jninpo, 2025.

VY nucepraitiiiHiii poOOTi MpeACTaBICHO PE3yIbTATH OTIISATY JXKEPEI Cy4acHOT
HAyKOBO-TEXHIYHOT 0a3M IIOJ0 €XHOJIOT1YHUX AaCMEKTIB BUPOOHUIITBA cCTajied 3
BMicTOM Byruiento Huxde 0,1%. BctaHoBieHO, 1110 TEXHONOT1H 3 BUIJIABKHU CTajeu
3 BMicToM Byrjaemto Hmwkue 0,1 % y KHCHEBMX KOHBEpTepax 3 II0JIayeio
HEHTPAJILHOTO Ta3y 3 HU3Y, a OCHOBHOT'O KHMCHIO 3BEPXY, SKi BAKOPHCTOBYIOTHCS Ha
Cy4aCHUX METaTypriiHUX MiMPUEMCTBAX, CYIPOBOIKYIOTHCS 3HIKCHHIM BUXOTY
IPUAATHOTO PIAKOI CTaji y TMOPIBHAHHI 3 BHUPOOHHUIITBOM CTajied BYTJIEIEBOTO
copramenTty. lllo cTocyeTbcs TeXHOJOTII ra30-KHCHEBOTO padiHyBaHHS, TO BOHA
0a3yeTbcsi Ha TMOJABaHHI TEXHOJOTIYHUX Ta3iB 3 HIWKHBOI YaCTHHHU
CTAJICTNIAaBUIILHOTO arperaty, 30kpeMa yepe3 aHo st ['KP npouecy ta 3 60koBOi
ctoponr BaHHU — 1151 AOD. Tlpu 11poMy BUKOPUCTOBYIOTHCS (PYypMU CHEIIaTIbHOT
KOHCTPYKIIT «TpyOa y TpyOi», siki 3a0e3NedyroTh BBEJCHHS KHCHIO y METaJCBY
BaHHY B OOOJIOHII 3 TaJKMBa, BUKIIOUAIOYH BUCOKOTEMIIEPATYPHUI BILTUB 30HU
okucieHHs Ha ¢yTepiBKy. [Ipu 1poMy TEXHOJOTiS Ta30KHMCHEBOTO padiHyBaHHS
nependavae 4epryBaHHS MPOAYBKHM METAlIeBOI BaHHUW KHCHEM Ta HEUTpaIbHUM
razoM, Mo 3a0e3leuye YHHKHCHHS IIEPEOKHUCIICHHS MeETally Ta BiAMOBIIHO
3a0e3MeUeHHs] BUCOKOTO PIBHS BUXOJY MPUAATHOTO pinkoi ctami. Buxopucranus
METOJIIB OKHCIIOBAIBHOI MPOMYBKM HA €Talli BaKyyMyBaHHS CTall € HaWOLIbII
e(heKTUBHUM METOJIOM 3HI)KCHHS BMICTY BYTJICIIO HIbk4Ye KoHIeHTpaii 0,1%. Lle
3yMOBJICHO CamMe 3HAYHWM BIUTUBOM 30BHIITHBOTO THUCKY Ha TIPOIECH OKHCIICHHS
(MOHOKCHJ BYTJIEIIO € Ta30M0110HOI0 peuoBUHOI0). CyTTEBUM HEIOJIIKOM MPOIIECIB
BHUJIAJICHHSI BYIJICII0 3 MeTajieBoro posmiaBy Hrkue 0,1 %, mo 0a3yroTbesi Ha

mpoiecax ra30-KMCHEBOTro padiHyBaHHS, € BHUKOPUCTAHHS CIELIAJILHOTO
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TEXHOJIOTIYHOTO  OOJaJHAHHS, BCTAHOBJEHHS SKOTO TMOTpeOye  3HAYHUX
KamitanoBkiazeHb. [1lo cTocyeTscsi mpoleciB OKUCICHHS BYIJICHIO KUCHEM MpPH
MOHKEHOMY THUCKY, TO BOHH MacOBO HE 3aCTOCOBYIOTHCS Yepe3 HEBEIUKY CTIMKICTh
BY3JIIB MiJIBOJAY KUCHIO Yy po3muiaB. lliaTBepakeHa OONUIbHICTh BUAUICHHS JBOX
eTamiB y mpoleci BUPOOHMUTBAa crajgedl 3 BMmicToM Byrieuto wmexme 0,1%:
BUJIAJICHHSI BYTJICIIO 3 po3IuiaBy 1o piBHA 0,2% y mpoiieci BUIIABKU; JOCSITHEHHS
KOHIeHTpallii Byriemio Himwkde 0,1% 3a paxyHOK JOBEJCHHS MeTajly Ha eTari
Mo3ariyHoi 0OpOOKH CTaIi.

[TpoBeneHO TEpPMOIWHAMIYHI PO3PAXyHKH IPOIECY OKHUCICHHS JIOMIIIOK
3aJTi30BYTJICIIEBOIO PO3IJIABY 32 PAaXyHOK JOHHOI MPOAYBKH KHCEHBBMICTHOIO
ra3oBoro (ha3or, sKi JO3BOJIMJIM BCTAaHOBUTU YEpProBICTb Ta MPIOPUTETHICTH
IPOIIECiB OKUCJICHHS y METaJICBil BaHHI 1 BIUTMB Ha HUX HaJIMIpHOTO THCKY. Takum
YUHOM, IiJTBEP/KCHA TEOPETHYHA MOXKIIUBICTh €)EKTUBHOTO BHJIAJICHHS BYTJICITIO
Ha eTarl 1mo3amniyHoi 00poOKH cTajli 32 paxXyHOK JOHHOI MTPOTYBKU KHCEHbBMICTHUM
razoM y OyJab0ankoBOMy PeXHMI.

InsxoM mnpoBeAeHHS KOMIUIEKCHOTO JOCHIJDKEHHS, fKe Tmepeadayano
BUKOPUCTaHHS  METOMAIB  TIHbOBOiI 3MOMKHM Ta  HU3BKOTEMIIEPATypPHOIO
MOJICITFOBaHHS, OyJia BU3HAuUCHA pallioHajdbHAa KOHCTPYKIIS IOHHOTO MPOJTYBHOTO
OJIOKY 711 BBEJICHHSI KHCEHbBMICTHOT ra30B0i (pa3u B 00’ €M METAJICBOTO PO3ILJIABY.
Bcranomneno, 1m0 mnpoayBHUM OJOK  PO3poO0JeHOT KOHCTPYKINI IMOBHHEH
CKIIAJaTHCS: 3 KaHATIB /IS IMiJIBEICHHS TEXHOJIOTTYHHUX Tra3iB, KaMepHU-3MilllyBaua
TEXHOJIOTIYHUX Ta3iB, OyIbp0alIKOyTBOpIOBaYa JJIsl HaJaHHS Ta3oBid (a3l OUTbIIoT
MOBEPXHI KOHTAKTy 3 MeTajoM. 11010 KOKHOTO 3 €eMEHTIB MPOJAYBHOTO OJIOKY
BCTAQHOBJICHI paIliOHAJIbHI TMapaMeTpu: HAWOUIBII €(PEKTUBHOIO KOHCTPYKIIIEIO
Oyp0aIKOyTBOPIOBaYa B CKJI/I1 IOHHOTO MPUCTPOIO JIJISt IPOYyBaHHS PO3IUIABIB €
BUKOPUCTAaHHS MaTepiayiB 3 HEOPIEHTOBAHOIO TMOPUCTICTIO Ta IIUTHHHOIO
MOPUCTICTIO 3 MUPUHOIO IMUTKMH 1-2 MM, BUKOPUCTAHHS SIKAX JI03BOJISIE OTPUMATH
CTaOUTbHUM CTOBN ApiOHUX OYyNBOAIIOK, III0 CKOPOUYE Yac rOMOTEHI3allil po3IJaB;
BIIMIOBITHO 10 €MIIPUYHO OTPUMAHHMX PE3yJbTATIB KaHAIW JJI1 BEACHHS PI3HUX

MPOJYBHUX ra3iB B KaMepy MOBUHHI 3HAXOJUTHUCA M1 KYTOM JI0 BEPTUKAIBHOI BiCl
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B Mexax 25- 40° KoHcTpykiiisi po3poOJieHOro JOHHOTO OJIOKY JUisl MPOJYBKHU
METaJIEBOr0 PO3IUIABY CYMIIIIIKO TEXHOJOTTYHUX Ta3iB y KOBIII 3axulleHa
MaTeHTOM YKpaiHu Ha KopucHy mojenb Ne 1226453 «BorHeTpuBkuil OJIOK s
MPOAYBKH METaTy ra3aMu.

[IpoBeneHi MOCHIKEHHST HA HATYpHINA XOJOAHIA MOJENl CTaJIepO3TIMBHOTO
KOBIIIA I[OJI0 PO3YMHEHHS «BKKHX» MPUCATIOK PEYOBHMH NPU MPOIYBAaHHI KPi3h
JIOHHY (hypmy 3a OyJIbOAIIKOBUM PEKUMOM 3 METOIO BCTAHOBJICHHSI OCOOIMBOCTEM
MacCOOOMIHHUX MPOIECIB. 3a iX pe3yibTaTaMu OyJ0 BCTAHOBJIEHO, IO Mij 4Yac
OPOJAYBKM Kpi3b OJIOK 3 HEHAINpaBJICHOI MOPHUCTICTIO (OPMY€eThbCS TMOTIK
Oynb0aIloK, sIKUA HE TUIbKM MiAINMAEThCS Bropy mMiJ M€ cuil Apximena, aie i
CTBOPIOE JTIOJIATKOBUHN PyX CEPEIOBUINA B IPHIIETIUX 0 OTOKY OyJIb0AIIOK Irapax
BaHHHU; TiJ Yac TNPOAYBKM Yy OynpOallIKOBOMY peXuMi HaWOUIbIIa 3MiHA
KOHIIEHTpAIII] 32 Yac MPOyBKHU BiIOYBAETHCS B CEPEAUHHOMY 00’ €M1 BAaHHU KOBIIIA;
HallKkpanl yMOBU TNepeMillyBaHHS BaHHM Ta HAWKOPOTIIMN 4ac ii TOMOreHi3alii
CTBOPIOIOTHCS MPHU MPOYyBaHHI 3 IHTEHCUBHICTIO MOJadi mpoyBHOTO ra3y 0,684-
1,026 m%/1-cTanmi rox; Hailkpalli yMOBH IIOJ0 KOJMBAHHSA PifKOi BaHHHU, sKi He
MOBUHH1 YTBOPIOBATH AUISTHKU OTOJICHOTO METAIy M1/ 4ac MPOIyBKH, CTBOPIOIOTHCS
NpU iHTEHCHBHOCTI BBejeHHA INpoayBHoro rasy 0,684-1,026 m3/T cramiTon; 3a
BIIBEJICHUI TIpWM BUKOHAHHI JIOCHIJP)KEHb 4Yac TIPOJYBKHM 3aIlIaHOBaHY
KOHIIEHTpAII0 po3unHy 1% Oyn0 JOCSATHYTO MPU IHTEHCUBHOCTI BBEACHHS Y BAaHHY
razy 1,026 -1,368 w™%r-crami ron, mnpu Okl IIBHAKOMY JIOCATHEHHI
«TOMOT€HHOI'0» CTaHy PifIkOi BaHHM NPM iHTEHCUBHOCTI mopaui rasy 1,026 m3/1-
ctam ron. ToOTO peKOMEHAIE0 NJisi MPOJAYBAHHS BaHHU y CTAJIEPO3JTUBHOMY
KOBIIII KpPi3b JOHHUN OJIOK 3 HEHANpaBIEHOI MOPHUCTICTIO y OyIbp0amkoBOMY
peXUMI A 3/1MCHEHHS MpPOLECY 3HEBYIJICHIOBAHHS pO3IJIaBy € MPOJIyBKa 3
IHTEHCHBHICTIO BBeIeHHA Tasy Ha pisHi 0,36 M3/T crani-To (IIpu nepepaxyBaHHi Ha
pEeaNbHUI MPOMUCIOBHM 00’ €EKT — CTAIEPO3NMBHUAM KiBII €éMHICTIO 250T).

3a pe3yiabpTaTaMyu BUCOKOTEMIIEPATYPHOTO MOJICTIOBAHHS MPOIIECY MPOTYBKU
3aJ1130BYTJICLIEBOTO PO3IIABY 3 HEBEJIMKUM BMicTOM Byrielo (0,3%mac) cyminiiito

KHUCEHb — HEUTpaJIbHUU Tra3 4epe3 OJAMHAPHUI NPOJYBHUM KaHal, HI0 IMITYe



4

Oynb0aIIKOBUI PEXKUM JOHHOT MPOAYBKU, BCTAHOBIICHO, 110 PAIllOHAIbHUM 3 TOUKH
30py OKMCJIEHHS BYIJICLIO Ta €KCIUTyaTalli IpOAYBHUX IPUCTPOIB € BMICT y ra30Biii
cymimi kucHio 20-30%. [Tpu npomy nporec OKUCIEHHS BIIOYBA€ThCS 31 LIBUIAKICTIO
0,056%mMac/xB 1 CyHNpOBOIKYETHCA NPIOPUTETHUM OKHUCJICHHSIM BYIJICHIO Y

0araTOKOMIOHEHTHOMY 3aJ1130BYIJICLIEBOMY PO3ILIABI.

KawuoBi cjoBa: HHU3BKOBYTJICIICBA CTajlb, JAOHHAa IIPOJAYBKad, TIa30BC

Oynb0alIKOyTBOPEHHS, IOHHUN MPOAYBHUN OJIOK, Mo3amiyHa 00po0Ka, CTaab-KiBII

SUMMARY

Arendach N.A. Development of technological foundations of oxidizing melt
purging in a ladle during the production of low-carbon steels. - Qualifying scientific
work on manuscript rights.

Dissertation for the Doctor of Philosophy degree in specialty 136 —
Metallurgy. — Iron and steel Institute of Z.I. Nekrasov of National Academy of
Sciences of Ukraine, Dnipro, 2025.

The dissertation presents the results of a review of the sources of the modern
scientific and technical base regarding the technological aspects of the production of
steels with a carbon content below 0.1%. It was established that technologies for
steels smelting with a carbon content less than 0.1% in oxygen converters with the
top oxygen supply and the bottom supply of neutral gas are used at modern
metallurgical enterprises. However, they are accompanied with a decrease in the
yield of liquid steel in comparison with the production of middle carbon steels. As
for gas-oxygen refining technologies, they are based on the supply of process gases
from the lower part of the steelmaking unit, in particular through the bottom for the
GKR process and from the wall-side of the bath - for AOD. At the same time, nozzles
of a special “pipe-in-pipe” design are used, which ensure the introduction of oxygen
into the metal bath in the fuel shell, excluding the high-temperature influence of the

oxidation zone on the lining. At the same time, the technology of gas-oxygen
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refining involves alternating purging of the metal bath with oxygen and neutral gas,

which ensures the avoidance of overoxidation of the metal and, accordingly, ensures
a high level of yield of suitable liquid steel. The use of oxidation blowing methods
at the steel vacuuming stage is the most effective method of reducing the carbon
content below a concentration of 0.1%. This is due to the significant influence of
external pressure on oxidation processes (carbon monoxide is a gaseous substance).
A significant drawback of processes for removing carbon from metal melt below
0.1%, based on gas-oxygen refining processes, is the use of special technological
equipment installation of which requires significant capital investment.

As for the processes of carbon oxidation with oxygen under reduced pressure,
they are not widely used due to the low stability of the nodes supplying oxygen to
the melt. The expediency of separating two stages in the production process of steels
with a carbon content less than 0.1% has been confirmed: removal of carbon from
the melt to the level of 0.2% in the smelting process; achieving a carbon
concentration below 0.1 due to metal treatment at the stage of out-of-furnace steel
processing.

Thermodynamic calculations of the oxidation process of iron-carbon melt
impurities due to bottom purging with an oxygen-containing gas phase were carried
out. That made it possible to establish the sequence and priority of oxidation
processes in a metal bath and the effect of excessive pressure on them. Thus, the
theoretical possibility of effective carbon removal at the stage of out-of-furnace steel
processing due to bottom purging with oxygen-containing gas in the bubbling mode
has been confirmed.

By conducting a complex study, which involved the use of shadow
photography and low-temperature modeling, a rational design of the bottom purging
unit for introducing an oxygen-containing gas phase into the volume of the metal
melt was determined. It was established that the blowing unit of the developed
design should consist of: channels for supplying process gases, a mixing chamber
for process gases, the bubbler to give the gas phase a larger contact surface with the

metal. Rational parameters were set for each element of the blowing block. The most



6
effective design of the bubble generator as part of the bottom device for blowing

melts is the use of materials of non-oriented porosity and slotted porosity with a
width of the slit 1-2 mm. Their use allows you to obtain a stable column of small
bubbles, due to which shortens the homogenization time of the melt. According to
the empirically obtained results, the channels for supply various purging gases into
the chamber should be at an angle to the vertical axis within 25-40°. The design of
the developed bottom block for blowing the metal melt with a mixture of process
gases in the ladle was protected by Ukrainian patent for utility model No. 1226453
“Refractory block for blowing metal with gases”.

Studies were conducted on a full-scale cold model of a steel casting ladle
regarding the dissolution of “heavy” additives during purging through the bottom
nozzle in the bubbling mode in order to establish the characteristics of mass transfer
processes. According to their results, it was established that during purging through
a block with non-directed porosity, a stream of bubbles is formed, which not only
rises up under the action of Archimedean forces, but also creates additional
movement of the area in the layers of the bath adjacent to the stream of bubbles.
During purging in bubble mode, the largest concentration change occurs in the
middle of the ladle bath. The best conditions for the bath mixing and the shortest
time for its homogenization are created during purging with the intensity of the gas
supply of 0.684-1.026 m3/t-steel h. The best conditions for the oscillation of the
liquid bath, which should not form areas of bare metal during purging, are created
at the intensity of the purging gas supply of 0.684-1.026 m?/t of steel-h. During the
purging time the planned solution concentration of 1% was achieved at the intensity
of gas supply into the bath of 1.026 -1.368 m?/t- steel h, with a faster achievement
of the “homogeneous” state of the liquid bath at the intensity of gas supply of
1.026 m?¥/t- steel hours. That is, the recommendation for purging the bath in a steel
casting ladle through the bottom block with non-directional porosity in the bubble
mode for the process of decarburization of the melt with the intensity of gas supply
at the level of 0.36 m®/t of steel-h (when transferred to a real industrial object - steel

casting ladle with a capacity of 250 tons).
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According to the results of high-temperature modeling of the process of iron-

carbon melt purging with a lower carbon content (0.3% by mass) with a mixture of
oxygen and neutral gas through a single blowing channel (simulating the bubbling
mode of bottom blowing), it was established that the rational from the point of view
of carbon oxidation and the operation of purging devices is the oxygen content in
the gas mixture is 20-30%. At the same time, the oxidation process occurs at a rate
of 0.056 wt%/min and is accompanied by priority oxidation of carbon in the

multicomponent iron-carbon melt.

Key words: low-carbon steel, purging process, bubble gas formation, bottom

purging unit, out-of-furnace treatment, ladle
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