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Annomayus. OxHuM U3 1yTed NOBBIICHHUS SHEProd(GGEKTUBHOCTH U HHTEHCUBHOCTH JIOMEHHOMH MIIaBKU, 0COOSHHO MPU UCIOIb30BAHUHU MbLICYTOIBHO-

IO TOILIMBA, SIBJIAETCS yBeIMUeHUe ropsueil npounoctu kokca. B ycnosusx [TAO «Hosonuneukuii merantyprudeckuii kom6bunary (HJIMK) s
HOBBIIICHUSA Ka4€CTBA KOKCA B YTOJIbHYIO IIMXTY BBOAWIN He(QTAHYI0 100aBKy. IIpy 9TOM cofepikaHne cepbl B KOKCE BO3PACTAET, a, CIEI0BATENIBHO,
MOBBILIAETCS COJEPAKAHUE CEPBI B UyTryHe. B cBsA3M ¢ 9TUM 3a/1a4a OMCKa My Tel yiydIleHus Aecylb(ypaluy 4yryHa B JOMEHHOMH 1€Y1 CTAHOBUTCSI
aKTyanbHOH. OCHOBHBIMU (haKTOPaMH, ONPEIEAIONMMY eCyIb(ypaIuIo YyryHa, sIBISIOTCS OCHOBHOCTS IIIaKa, cojiepKaHue B HeM okcuaa MgO,
TeMIIepaTypa IPOLYKTOB ILUIABKH, BA3KOCTh HUIaKa. Llenbio HacTosIel paboThL ABJIAETCS COIOCTABICHUE 3P(EKTUBHOCTH YIAICHUS CEPhI ITyTeM
MOBBIIICHUS] OCHOBHOCTH IIIaKa 1 coaepxanus okcuna MgO. Ha ocHOBe M3BECTHBIX ypaBHEHHH pa3paboTaH ajropuTM, MMO3BOJISIOMINIA PELINTh
HOCTABICHHYIO 3a/iady. YCTaHOBIICHO, YTO HOBBIIICHUE cofepkaHus okcuna MgO B Iutake B OOIbIIeil CTEIEHH COCOOCTBYET Jecynbdypanun
4yTyHa, 4eM IOBBILICHHE OCHOBHOCTH. Kpome Toro, moBeieHne copepkanus okeuaa MgO Ha 1 % conpoBoxkaaeTcs yBelndeHHEM BbIX0/1a IIIaKa
Ha 3,0 — 3,5 kr/T yyryHa. B T0 xe BpeMs HoBbIIIeHIe OCHOBHOCTH Ha 0,01 IPUBOANUT K yBEINYCHUIO BBIXO/A IITaKa Ha 4 — 5 Kr/T yyryHa. Cieznosa-
TEJIbHO, CHUJKEHHUE CONEPIKAHMUA CEPBI B UYTYHE ITyTeM MOBBIIICHU OCHOBHOCTH 1II1aKka TpeOyeT MEHBIINX 3aTpat Tema. B nepecyere Ha yaenbHeIi
pacxoj KoKca pa3indue B morpeOHocTu Termia cocrasister 0,4 — 0,5 xr/t uyryna. [Toka3aHo, 4To Ipu IOBBILICHUH coziepkanus okcuna MgO B muia-

Ke BSI3KOCTb I11I1aka npu temieparype 1450 °C Bo3pacTaeT B MEHbIIEH CTENIEHH, YeM IIPU MOBBIIIEHHH OCHOBHOCTH.

Knroueswle cnoea: mpon3BoJCTBO YyTyHa, KAYECTBO KOKCA, IECYIb(Qypalus 4yryHa, BA3KOCTb IIUTaKa, COCTAB LITaKa, KOd(Q(HIMEHT pactpe/ieIeHus cephl,

CoJlepaKaHue Cepbl B UyTyHeE.
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- BBEAEHUE

[ToBbleHue ropsiueii NPOUHOCTH KOKCA SIBISIETCS OTHUM
13 IyTeil NOBBIICHHS HEPTOIPPEKTHBHOCTH IIPU YCIOBHH
uHTeHcupukanun wiaBkd [1 — 7]. B ycnoBusix I[TAO «Ho-
BOJIMMNEUKNI MeTamuryprudecknii komounay (HJIMK) ms
MOBBIIICHUS KAYECTBA KOKCA B YTOJbHYIO IIUXTY BBOAUTCS
HedTsAHAs K00aBKa C MOBBIMICHHBIM COACPKAHUCM CEpHI H
C HU3KHM cojepkaHueM 30ibl [3 — 5, 8]. IIpu atom conep-
JKaHHE Cepbl B KOKCE BO3pacTacT. B cBs3m ¢ 3TuM 3amaga
MOMCKa MyTeW YIydlleHus necyibdypalud 4yryHa B J0-
MCHHOM MEYH CTAHOBHUTCS aKTyanbHOH. OCHOBHBIMH (DaKTO-
pamu [9 — 22], onpenensomuMy AeCyIbQypaluo IyryHa,
SIBIISIIOTCSI OCHOBHOCTH IIUIAKA, COZEPKAaHME B HEM OKCHIA
MgO, temneparypa NpoayKTOB IIJIaBKH, BA3KOCTH I1IJ1aKa.

[ OcHOBHAS YACTb

W3BecTHO, 4TO Mecyab(ypaliys dyryHa IpOTeKaeT mpu
B3aumoyieiictBun okcugoB CaO m MgO c coennHeHneM
FeS. Llensio Hacrosiieil pabOThl sBISETCS COMOCTaBIIe-
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Hue 9(h(HEeKTUBHOCTH YIATICHUS Cephbl MyTEM MOBBIIICHHS
OCHOBHOCTH IITaKa M copepskanms okcuna MgO.

Jns pacdera cofepaHus Cepbl B UyryHe, Kak MPaBHIIo,
WCITONIB3YIOT CIEAYIONIYIO 3aBUCUMOCTH [23, 24]:

(1-2g)S"

[S]= ;
1+ LI

(1

i€ Ay — CTENEHb yIETYYMBaHHs CEpbI; S — comepKaHne
)
cepsl B IIUXTe; L _E_ ko3 dunmenT pacnpeneneHus
cepbl MEXKY IIIJTaKOM U uyryHoM; [1I — BeIxof taka.
Jlst pacdera conepKaHusl CEPhI B YyTYHE Ieiecoo0pas-
HO HCIIOJIb30BaTh JIMHEAPU30BaHHOE ypaBHeHUE [24]:
A[S] AS"™ AL LI
S S"  1+MILg 1+1IL’

@

r1e 3HaK A, CTOSAIIMI Tepen TF00BIM apaMeTpoM, O3Hada-
€T U3MEHEHHE TOr0 MapaMeTpa B IPOrHO3HOM TIEPUOJIE 10
CPaBHCHUIO C 0a30BBIM.
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B paGore [9] mpuBoauTcs psiA ypaBHEHUi 1iIs pacde-
Ta Lg. COmocTaBienne OTHOCUTENLHOTO H3MEHEHHUS KO-

S

duIMeHTa pacrpeieieHus: cepbl , paccunTaHHOE
S

110 OCHOBHBIM ypaBHEHUsM [9], mokazano, 4TO BEJIMYHUHA

S | mpakTH4YecKu nmocTosiHHA. [l pacuera CTelneHn
S
pacnpe/esieHust cepbl 1ies1eco00pa3HO UCTIOIb30BATh IMITH-

pudeckoe ypaBHenwue [8]:

s

Pco

log LY = 2,44B + klog -2,07, 3)

riae B — 06001meHHas OCHOBHOCTB; fg — KOO()QUIMEHT aK-
TUBHOCTH CEPBI B UYTYHE; P, — MAPUHUAILHOE JABICHUE
okcuza yreponaa CO B ropHOBOM Tase.

VYpaBHeHus JUIsl pacueTa 3TUX M0Ka3areleil mpuBoasTcs
B padote [9]. Koaddunuenr k£ B ypaBHeHu (3) paccMarpu-
BaeTCs Kak MapaMeTp HaCTPOUKU MOJIEIH.

Heo6xoamMoCTh MCTIONB30BaHUST SMIIMPHUYECKOTO KO-
sddunnenrta k obycioBieHa pa3IHYueM B YCIOBHAX Jie-
cynb(ypanuy Ha KaXI0i KOHKPETHOW JIOMECHHOW Ieuu.
3aBUCUMOCTb Kod(uirieHTa pacnpenesneHus cepbl OT
OCHOBHOCTH I11aka Ha JoMeHHbIX nedax HJIMK mpuso-
JuTcs Ha puc. 1.

[Mouck xodddunueHTa k peanu3oBaH MOCTPOCHUEM
3aBUCUMOCTH MEXJy PacCueTHbIM (L’;acq) ko3 punmeHTOM
pacrpenesieHus cepbl U (paKTHIECKUM (L‘g ), HaWJCHHBIM TI0
JIAaHHBIM pabOoThI JOMEHHBIX Teuei. [l moncka ucmonb3o-
BaHa MH(OPMAIHS O COCTABE YyTyHA U IIIAKa HA JOMCHHBIX
negax. Beero mpoananmm3npoBaHa MHGOPMAIHS 3a YCTHIPE
Mecsla. Belyck NpopyKTOB MIaBKU MOCIE OCTAHOBKY IIe-
4eit ueKiTrodany. JlanHbIe IpyIIIpOoBa 110 OCHOBHBIM IPH-
3HAaKaM, a UMEHHO, 110 coepxkaHuio okeuaa MgO u ocHOB-
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Puc. 1. 3aBucumocts ko3(duieHTa pacrpeaeneHus cepbl
OT OCHOBHOCTH IIlJIaKa Ha JJOMEHHBIX reyax HIIMK:
1-J113;2—- 114, 3—1I15;4—116; 5— 117

Fig. 1. Dependence of sulfur distribution coefficient on the slag
basicity at NLMK blast furnaces:
1-BF3;2-BF4,3-BF5,4-BF6; 5-BF 7

HOCcTY HuIaka. Pasnauuue cpegHux Al TPyl 3HAYEHUH
OIIEHMBAJIH C UCTIONB30BaHneM Kpurepust CteionenTa [25].

3aBUCHMOCTb M@Ky PACCUUTAHHBIM O YpaBHEHUIO (3)
¥ (DaKTHIECKMM 3HAYEHUAMHE Ly IPUBOMUTCS HA PUC. 2.

PazpaboTaHHBIi alITOPUTM MO3BOJISIET PEIIATh PsiJ] KOH-
KpeTHbIX 3aaa4. OTHON U3 9TUX 3aa4 ABJISIETCS CPaBHEHHE
3¢ GeKTUBHOCTH Jecyab(ypannu yyryHa IIyTeM IMOBbIIIE-
HUSI OCHOBHOCTH IIIJIaKa, a TaKXe 3a CUET MOBBILIEHUs CO-
nepxkanust okcuna MgO B mutake. OIEHKY OCYyLIECTBISIN
JUIS pa3jIMyHONW OCHOBHOCTH LIUIaKa. BhINOIIHEHb! pacyeTsl
M3MEHEHHUS COAEPIKAHUSA CEPBl B UyI'yHE IIPU YBEIMUYEHUHU
ocHOBHOCTH 1u1aka Ha 0,01 ¥ NOBBIIEHUH COAEPIKaHUS OK-
cuna MgO Ha 1 %. [TonydeHHbIE 3aBUCUMOCTH PUBOASTCS
Ha puc. 3.

HpI/IBCI[eHH])IC JAaHHBIC ITOKa3bIBAIOT, YTO ITOBBIIICHUEC
conepxkanusi okcuga MgO B nutake B OOJbIIEH CTETICHH
CHOCOOCTBYET JeCynb(ypalnuu 4yryHa, 4eM MOBBIIICHHUE
ocHOBHOCTH. Kpome Toro, noBelllIeHHE CONEPIKaHUSI OKCH-
na MgO Ha 1 % compoBOXKAaeTCsl YBEIUUCHUEM BBIXOJA
nuiaka Ha 3,0 — 3,5 kr/t uyryHa. [ToBbIlieHre 0CHOBHOC-
TH [UIAKA TAKXKE COMPOBOXKAACTCS YBEIUUYEHHEM €TO
KoiuuecTBa. [Ipy 3TOM BeTMuMHA OBBIILIEHUS KOJINYECTBa
IIJIaKa 3aBUCUT OT (DAaKTHUECKON OCHOBHOCTH mutaka. [1pu
ocHoBHOCTH maka 1,1 moseimenue ee Ha 0,01 compoBOXK-
JaeTCsl yBEJIIMYCHHEM KOJIMYeCTBa Lulaka Ha 4 — 5 Kr/T
yyryHa. Clie0oBaTelIbHO, CHIKEHHE COIEp)KaHusl Cephl B
YyryHe MyTeM IOBBIIMICHUS OCHOBHOCTH IIJaka TpeOyeT
MEHBIIUX 3aTpar Tema. B mepecuere Ha ynenbHBIA pac-
XOJl KOKCa pa3nuyue B MOTPEOHOCTH TEIUIa COCTABISCT
0,4 -0,5 kr/t yyryHa.

Bs13K0oCTh mI1aka BO MHOTOM OIPEJENSACT KaK COCTaB
YyryHa, TaK W MPOU3BOJUTEIHHOCTh JOMEHHON Neyu
[10,26 —33]. Ananu3 BIUAHUSA cofepkaHus okcuga MgO
Y OCHOBHOCTH I1UIaKa HA BSI3KOCTh LIJIAKA BBIMIOJIHEH C HC-
nojbp3oBanueM Mojenu [31], pa3paboTaHHOI Ha OCHOBE
muarpamm B.I. BockoOoitaukosa [32].
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Puc. 2. 3aBHCUMOCTD MEX/1y PaCUETHBIM U (hAKTUUECKUM 3HAYCHUSIMU
KO3 PHUIMEHTOB pacIpeeIeHHs Cephl:
1-113;2-1114;3- A1 5;4—- A1 6; 5 - 117

Fig. 2. Relationship between the calculated and actual values of sulfur
distribution coefficients:
1-BF3;2-BF4;,3-BF5,4-BF6; 5—BF 7
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Prc. 3. 3aBUCHMOCTD HU3MEHEHHs COACPIKAHUS CEPBI B UyI'yHE
TIPH yBEIUYEHUN OCHOBHOCTH 1iaka Ha 0,01 u mpu yBenuaeHun
coneprkannst MgO Ha 1 % OT OCHOBHOCTH IIITaKa:

1 — JI1 5 ocuoBrOCTH; 2 — AI1 5 MgO; 3 — AI1 6 0OCHOBHOCTB;
4 — 1T1 6 MgO; 5 — JII1 7 ocroBHOCTE; 6 — JII1 7 MgO

Fig. 3. Dependence of change in sulfur content in pig iron
at increase in the slag basicity by 0.01 and at increase
in MgO content by 1 % on the slag basicity:

1 — BF 5 basicity; 2 — BF 5 MgO; 3 — BF 6 basicity;

4 —BF 6 MgO; 5 — BF 7 basicity; 6 — BF 7 MgO

PesynbraTsl pacuera BIMSAHHUS OCHOBHOCTH IIUIaKa U
coziepkanus B HeM okcuyia MgO Ha ero BSI3KOCTh IIPHUBO-
nsrces Ha puc. 4, 5. [loBwimenue copepxanus okcuaa MgO
B LIUIAKE IPEANOYTUTEIbHEE, TAK KaK U3MEHEHHE BA3KOCTH
nuiaka npu remneparype 1450 °C mMeHbI1e, 4eM MpH MOBbI-
LIEHUHU OCHOBHOCTH.

Hpyroii 3agayeil uccieqoBaHus SBIAETCS OLIEHKA Tpe-
OyeMOro M3MEHEHHsI COCTaBa IIIaKa MPHU MOBHIICHUN CO-
JepKaHUA cepbl B KOKce. PeanbHblil IPUX0A cephl B IOMEH-
HBIE TIeYu cocTaBisieT 2,5 — 4,0 Xr/T 4yryHa. YBenudeHue
cofiepskaHus cepbl B kKokce Ha 0,1 % NpuBOIUT K MOBBIIIE-
Huto noctymienus cepbl Ha 0,30 — 0,35 Kr/T 4yryHa, 4TO
MOYKET CONPOBOXKIIATHCS MOBBILICHUEM COAEPIKAHUS CEpPbI
B yyryHe Ha 0,0008 — 0,0012 %. Takoe yBenuueHue conep-
JKaHHUS CEepbl B UyT'yHE MOXET ObITh KOMIIEHCUPOBAHO IO~
BBIIIIEHHEM cozepkanust okcuaa MgO na 0,3 — 0,5 %.

[ BoiBOARI

[Ipr TOBBIMICHNH COmEpIKaHUS CepPhl B KOKCE HAmOO-
nee 3(pPEeKTUBHBIM MEpPONPHUSITHEM SIBISETCS MOBBIIICHUE
cogepxkaHus okcuna MgO B 1ulake MpH MOCTOSHHOM €ro
OCHOBHOCTH.
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ANALYSIS OF POSSIBLE WAYS TO REDUCE SULFUR CONTENT IN PIG IRON

S.V. Myasoedov', S.V. Filatov', V.V. Panteleev?, V.S. Listopa-
dov', S.A. Zagainov*

1JSC “Novolipetsk Metallurgical Plant”, Lipetsk, Russia
2Ural Federal University named after the first President of Russia
B.N. Yeltsin, Ekaterinburg, Russia

Abstract. One of the ways to increase the energy efficiency and intensity of

blast furnace smelting, especially when using pulverized coal fuel, is
to increase the hot strength of coke. In the conditions of OJSC NLMK,
an oil additive was introduced into the coal charge to improve the coke
quality. At the same time, sulfur content in the coke increases, and,
consequently, sulfur content in the cast iron increases as well. In this
regard, the task of finding ways to improve the desulfurization of cast
iron in blast furnace becomes urgent. The main factors determining
the desulfurization of cast iron are slag basicity, content of MgO oxide
in it, temperature of the smelting products, and the slag viscosity. The
purpose of this work was to compare the efficiency of sulfur removal

by increasing the slag basicity and MgO content. On the basis of well-
known equations, an algorithm was developed that allows the problem
to be solved. It was established that an increase in MgO content in
the slag promotes desulfurization of cast iron to a greater extent than
a basicity increase. In addition, an increase in MgO content by 1 % is
accompanied by an increase in slag yield by 3.0 — 3.5 kg/t of cast iron.
At the same time, an increase in basicity by 0.01 leads to an increase
in the slag yield by 4 — 5 kg/t of pig iron. Consequently, reducing the
sulfur content in pig iron by increasing the slag basicity requires less
heat. In terms of the specific consumption of coke, difference in heat
demand is 0.4 — 0.5 kg/t of pig iron. It is shown that with an increase in
MgO content in the slag, the slag viscosity at a temperature of 1450 °C
increases to a lesser extent than with an increase in basicity.

Keywords: pig iron production, coke quality, pig iron desulfurization, slag

viscosity, slag composition, sulfur distribution coefficient, sulfur
content in pig iron.

DOI: 10.17073/0368-0797-2020-11-12-878-882

881



M3BECTHUS BBICHIUX YUYEBHBIX 3ABEAEHUIN. UHEPHASL METAJJIYPrus. 2020. Tom 63. Ne 11-12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

REFERENCES

Ishikawa Y., Kase M., Abe Y., Ono K., Sugata M., Nishi T. Influ-
ence of post reaction strength of coke on blast furnace operation.
Proceedings — Ironmaking Conference. 1983, vol. 42, pp. 357-368.
Bertling H. Coal and coke for blast furnaces. ISIJ International.
1999, vol. 39, no. 7, pp. 617-624.

Chatterjee A., Prasad H.N. Possibilities of tar addition to coal as
a method for improving coke strength. Fuel. 1983, vol. 62, no. 5,
pp. 591-600.

Gonzalez-Cimas M.J., Patrick J.W., Walker A. Influence of pitch
additions on coal carbonization: Coke strength and structural pro-
perties. Fuel. 1987, vol. 66, no. 8, pp. 1019-1023.

Liziero Ruggio da Silva G., Souza R., Belchior Reis T., Ladei-
ra Lima I., Quintas A., Amorim L., Andretti Sabino Mota M., Bra-
sil Dias Haneiko N. Influence of coal tar addition on coke quality.
AISTech Conference Proceedings. 2018, pp. 173—184.

Geerdes M., Chaigneau R., Kurunov I., Lingiardi O., Ricketts J.
Modern Blast Furnace Ironmaking. 3 ed. 10S Press, 2015, 228 p.
Sharma R., Tiwari H., Banerjee P. Producing high coke strength af-
ter reactivity in stamp charged coke making. Coke and Chemistry.
2014, vol. 57, no. 9, pp. 351-358.

Stukov M.I., Mamaev M.V., Chernavin A.Yu. etc. New coke for
metallurgy. Chernaya Metallurgiya. Byul. in-ta “Chermetinfor-
matsiya”. 2012, no. 5 (1349), pp. 35-37. (In Russ.).

Vegman E.F. Domennoe proizvodstvo: Spravochnoe izdanie. V 2-kh t.
T. 1. Podgotovka rud i domennyi protsess [Blast-Furnace Production:
Reference Book. In 2 vols. Vol. 1. Preparation of Ores and Blast Fur-
nace Process]. Moscow: Metallurgiya, 1989, 496 p. (In Russ.).
Tovarovskii I.G., Severnyuk V.V., Lyalyuk V.P. Analiz pokazatelei
i protsessov domennoi plavki [ Analysis of Indicators and Processes
of Blast-Furnace Smelting]. Dnepropetrovsk: Porogi, 2000, 420 p.
(In Russ.).

Tovarovskij I.G. Melting conditions of low silicon pig iron with low
sulphur content. Stal’. 1992, no. 10, pp. 5-8. (In Russ.).

Skachko A.S., Togobitskaya D.N., Bel’kova A.l. Influence of
charge composition on coefficients of elements distribution between
products of blast furnace smelting. Metallurgicheskie protsessy i
oborudovanie. 2013, no. 4 (34), pp. 8—15. (In Russ.).

Dovgalyuk B.P., Shcherbitskii B.V., Yaroshenko N.M. etc. Im-
proving pig iron quality by slag composition stabilizing. Metallur-
gicheskaya i gornorudnaya promyshlennost’. 1978, no. 3, pp. 3, 4.
(In Russ.).

Druzhkov V.G., Prokhorov LE. Selection of the iron and slag tap-
ping mode from hearth of blast furnaces in modern conditions. Vest-
nik Magnitogorskogo gosudarstvennogo tekhnicheskogo universite-
ta im. G.I. Nosova. 2011, no. 4 (36), pp. 9-12. (In Russ.).
Shapovalov A.N., Druzhkov V.G. Povyshenie effektivnosti desul -
furatsii chuguna [Improvement of the Efficiency of Pig Iron Desul-
furization]. Magnitogorsk: MGTU im. G.N. Nosova, 2011, 148 p.
(In Russ.).

Babich A., Senk D., Gudenau H.W., Mavrommatis K.Th. lronmak-
ing. Aachen: Institut fiir Eisenhiittenkunde der RWTH, 2008, 402 p.
Andersson A.J., Andersson A.M.T., Jénsson P.G. A study of some
elemental distributions between slag and hot metal during tap-
ping of the blast furnace. Steel Research Int. 2004, vol. 75, no. 5,
pp. 294-301.

Hatch G.G., Chipman J. Sulphur equilibria between iron blast fur-
nace and metal. The Journal of the Minerals, Metals & Materials
Society. 1949, vol. 1, pp. 274-284.

Loginov V.I., Berin A.L., Lebed’ P.K. etc. Effect of magnesia on de-
sulfurizing power of blast-furnace slags. Metallurgist. 1976, vol. 20,
no. 5, pp. 315-317.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Pehlke R.D., Fuwa T. Control of sulphur in liquid iron and steel.
International Metals Reviews. 1985, vol. 30, no. 1, pp. 125-140.
Zuo H.B., Wang C., Xu C.F.,, Zhang J.L., Zhang T. Effects of MnO
on slag viscosity and wetting behaviour between slag and refractory.
Ironmaking & Steelmaking. 2016, vol. 43, no. 1, pp. 56-63.

Choi J.Y., Kim D.J., Lee H.G. Reaction kinetics of desulfurization
of molten pig iron using CaO-Si0,~A1,0,-Na,O slag systems. ISLJ
International. 2001, vol. 41, no. 3, pp. 216-224.

Spirin N.A., Ipatov Yu.V., Lobanov V.N. etc. Informatsionnye
sistemy v metallurgii [Information Systems in Metallurgy]. Ekate-
rinburg: izd. UGTU - UPI, 2001, 617 p. (In Russ.).

Onorin O.P., Spirin N.A., Terent’ev V.L. etc. Komp 'yuternye
metody modelirovaniya domennogo protsessa [Computer Modeling
of Blast Furnace Process]. Ekaterinburg: izd. UGTU — UPI, 2005,
301 p. (In Russ.).

Mitropol’skii A.K. Tekhnika statisticheskikh vychislenii. Izd. 2-e
[Technique of Statistical Calculations. 2" ed.]. Moscow: Nauka,
1971, 568 p. (In Russ.).

Listopadov V.S., Togobitskaya D.N., Murav’eva L.G. etc. Stabiliza-
tion of slag mode of blast-furnace smelting in the operating condi-
tions of BF No. 9 of JSC “ARSELORMITTAL KRIVOY ROG”
on a multicomponent charge. Chernaya Metallurgiya. Byul. in-ta
“Chermetinformatsiya”. 2008, no. 8 (1304), pp. 14-20. (In Russ.).
Eyring H., Yenderson D., Ree T. Thermodynamic and transport
properties of liquids. Progress in Int. Research on Thermodynamic
and Transport Properties. 1962, pp. 340-351.

Roberto de Oliveira J., Cristo Clem de Oliveira H., Gambarine
Soares S. etc. Comparative study of hot metal desulfurization mix-
tures. AISTech Proceedings. 2018, pp. 1034-1042.

Izyumskii N.N., Gordon Ya.M., Tretyak A.A. Mathematical model
and system for stabilizing the slag operating mode of blast furnace.
Chernaya Metallurgiya. Byul. in-ta “Chermetinformatsiya”. 2017,
no. 11, pp. 46-52. (In Russ.).

Gimmel’farb A.A., Kotov K.I. Protsessy vosstanovieniya i shla-
koobrazovaniya v domennykh pechakh [Reduction and Slagging
Processes in Blast furnace]. Moscow: Metallurgiya, 1982, 328 p.
(In Russ.).

Sukhareva S.P., Gileva L.Yu., Zagainov S.A. Analysis and forecast
block for slag mode of blast furnace smelting. Izvestiya. Ferrous
Metallurgy. 2004, no. 3, pp. 75, 76. (In Russ.).

Voskoboinikov V.G., Dunaev N.E., Mikhalevich A.G. etc. Svoistva
zhidkikh domennykh shlakov [Properties of Liquid Blast Furnace
Slags]. Moscow: Metallurgiya, 1975, 184 p. (In Russ.).

Yan Z., Pang Z., Lv X.W., Qiu G., Bai C. Effect of TiO, on the vis-
cous behavior of high alumina blast furnace slag. Minerals, Metals
and Materials Series. 2018, vol. F10, pp. 725-733.

Information about the authors:

S.V. Myasoedov, Head of the Blast Furnace Shop No. 1
(myasoedov_sv@nlmk.com)

S.V. Filatov, Cand. Sci. (Eng.), Managing Director
(filatov_sv@nlmk.com)

V.V. Panteleev, Postgraduate of the Chair “Metallurgy of Iron and
Alloys” (vpanteleev@urfu.ru)

V.S. Listopadov, Director of Sintering and Blast Furnace Production
Directorate (1istopadov_vs@nlmk.com)

S.A. Zagainov, Dr. Sci. (Eng.), Professor of the Chair of “Metallurgy
of Iron and Alloys” (zagainovski@mail.ru)

Received July 7, 2020
Revised August 3, 2020
Accepted October 26, 2020

882



