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MOJAEJIMPOBAHUME ITPOLIECCOB OBPA30OBAHUSA CEPbBI U MAPI'AHLIA
BO BPEMSI PA3JIMBKY KOHBEPTOPHOM PEJIbCOBOM CTAJIHN

Jlannas paboma nocesujena 00HOMY U3 HAUOOJIEe BANCHBIX (PAKMOPOS, GIUAIOUWUX HA
npoyecc 06paz08anus CyabGuoa Mapeanya 8 peabcosol KOHGEPMePHoU cmanu. B ochosy
OanHOU pabomvl el MepMOOUHAMUYECKUE PACYembl NPU KPUCTATIUZAYUYU PelbCOBOU
cmanu co ckopocmuio oxaaxcoenust 100 K/mun. Pesynrbmamul KoMnviomepHo2o0 Mooenu-
POBAHUSL NPEOCMABIEHbL 8 8UOE 2PAPUKOE, NOKA3LIBAIOWUX PA30CLeHUEe KOMNOHEHNO08,
Makdice KPUswlx, NOKA3bIEAIUUX NPOYecc 00pa308aHUsL HEMEMALTUYECKUX BKAIOUEHUI.
bvino ycmanoeneno, umo ocHosHuIM napamempom, onpeoensiouwum oopazosarue MnS 6
PenbCcoBoll CMAU, AGIAEMCA ee XUMUUECKULl COCMAB.

Knroueswvie cnosa: penvcosas cmaib, KOMAIbIOMEPHOE MOOeaUposarue, obpazosanus MnsS.

Kaniw /1., Xapaawun I1.C., I'epacin C.0. Mooeniosanns npoyecie ymeopenns cipku i
Map2anuio nio 4ac po3iueanHs KOHEEPMoOpHOL pelkosoi cmani. /lana poboma npuces-
YeHa 00HOMY 3 HAUOLIbUL GANCIUBUX (DAKMOPIE, WO 6NAUBAIOMb HA NPOYEC VMBOPEHHS
cynvioy mapeanyro y pelkosii KoHeepmepHil cmani. B ocnosy pobomu nsienu mepmo-
Ounamiuni po3paxyuku npu weuoxocmi poznusanns 100 K/xe. Pezynomamu xomn'romep-
HO20 MOOENI08AHHs NPEOCMAseti V u2isaoi epagixis, wo noxkazyioms po3nooil KOMNo-
HEeHmMiB, a MaKo’c KpUsUX, w0 NOKA3YIomb Npoyec YMEOPeHHs HeMemanedux 8KI04UeHb.
byno ecmanosneno, wo ochoérHuM napamempom, wo eusnavae ymeopernus MnS y peiiko-
8ol cmadi, € IT XiMiuHUull cK1ao.

Knrouosi cnosa: petixosa cmanv, Komn'tomepre mooeniosants, ymeopents MnsS.

D. Kalish, P.S. Kharlashin, S.0. Gerasin. Sulfur and manganese formation modelling
during continuous casting of converter rail steel. Rail steel production in oxygen con-
verters is of particular interest nowadays. High requirements are imposed upon rail steel
quality. The current work deals with one of the most important factors influencing the
formation of manganese sulfide in converter rail steel. The thermodynamic calculations
of rail steel crystallization at the cooling rate of 100 K/min. are given in the work. Com-
puter simulation results are presented as graphs showing the separation of components,
as well as curves showing the process of nonmetallic inclusions formation. It has been
determined that chemical composition is the most important factor in the formation of
non-metallic inclusions. Materials used for the rail steel production must meet the highest
requirements as to the properties of materials, shape and durability. Non-metallic inclu-
sions are one of the factors negatively influencing the strength of rail steel. The manga-
nese sulfide precipitates during steel solidification as a result of segregation processes on
the solidification front. One of the factors influencing the strength parameters of rail steel
is sulphur, i.e. the main component of MnS. Sulphur is commonly considered to be a neg-
ative element in steel, except for the situation when it is purposefully added to improve its
machinability. Computer simulation and theoretical analysis methods were used in this
work. Computer simulation with the use of non-commercial software was used for the
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calculation of manganese and sulfur segregation in liquid steel during solidification.
Keywords: rail steel, computer simulation, MnS precipitates.

IMocTanoBka npo6Jemsbl. KauecTBo penbcoBoii craimy 00ycIOBICHO €e BHICOKUMHU MEXaHHYe-
CKUMH CBOWCTBaMH, KOTOPBIE 3aBHCAT, B OCHOBHOM, OT HAJIMYUSl HEMETAITMUECKUX BKIIIOYEHUH, KO-
TOpBIE CUUTAIOTCS HEXKENATeIbHBIMHA. MaTepuabl, HCIONb3YeMbIE [T U3TOTOBIICHUS PENTBCOB, JTOMIK-
HBI COOTBETCTBOBATh BHICOKHM TPEOOBAHUSAM M 00JalaTh BBICOKOW MPOYHOCTHIO. OpHUM U3 (pakro-
POB, BIUSIONIAM Ha MPOYHOCTHBIE XaPAKTEPUCTUKU PETLCOBOW CTaJIH, SIBISETCS cepa, TIaBHBIA KOM-
moHeHT MnS [1]. OHa sABIseTCS KOMIIOHEHTOM CTallM, HeOIaronmpusaTHO BIHSIONIUM Ha PSAI ee rmapa-
METPOB, 8 BOHUKAIOIINE BBIJENCHHUS CYIb(UIOB CIIOCOOCTBYIOT 00OPa30BaHHIO TPEUIMH M CHUKCHUIO
MPOYHOCTH MaTepHara.

Hemerannuueckrue BKIIOYCHHUS SBISIOTCS OJHWUM M3 (DaKTOpPOB, BIMSIONIMM Ha YCTAJIOCTHYIO
MIPOYHOCTh PENBCOBOM cranu. Hemeramnmdeckue BKIIOUEHHS MnS BO3ZHHKAIOT B TO BpeMs, Korja
CTaJb 3aCTHIBACT, U3-32 SIBJIICHUSI CErperanuy B NepeHel YacTH KPUCTAJUTH3ANY U JallbHEHIIero ox-
NaxJeHus: cauTka. [Ipy HarpeBaHWW IO TeMIlepaTyphl MPOKATKW MeTauia MnS BKIFOUEHHS TIOYTH
MOJTHOCTBIO PACTBOPSIOTCS B IIPOIECCE MPOKATKH M OXJIAXKICHHS.

AHaIN3 NOCJeIHUX HcciiefoBaHuii H nydaukanuii. B pabore ncrnonb30BaHbl MOJIENTH, OCHO-
BaHHBIC HAa KOHIENIINY, pa3paboTaHHOW Matsumiya u ap. [2], KOTOpble TakKe ObLTH UCIIONB30BaHEI B
Ipyrux padorax [3-5]. Ha ux gomo npuxomuTcs COeAMHEHHE MUKPOCETpEraluil U o0pa3oBaHus He-
METaJUTHYECKUX BKJIIOYCHUH, YTO MMO3BOJISIET MPUOIMKATH PeabHBINA X0/ 3TOro mporecca. Ecnu Muk-
pocerperanys KOMIOHEHTOB ObUTa pacCuMTaHa OTIEeIbHO M Ha ATOM OCHOBAaHO KOJIMYECTBO HEMETall-
JIMYECKUX BKIFOYCHUH, TO B HEKOTOPBIX CIy4asx KOHIIEHTpAIlHsI B KOHIIC YaCTH >KUIKON (asbl Oyzaer
nepeoreHeHa. OTo ObLIO BhIsABICHO B paboTe Ma and Janke [6]. Pe3ynbTaThl 3KCIIEPUMEHTOB, IIPOBE-
neHHbix Liu [7], mokazanm, 4To HeMETaJUIMYeCKUe BKIIOUYCHUS pPaBHOMEPHO HE JeOPMHPYIOTCS B
XO0JI€ TIPOKATKH.

Heasto nanHo# padoThI ObLIO UCCTICIOBAHNE BIMSHUS HEMETANTUICCKIX BKIFOUCHHN U MOJIe-
JUPOBaHUE cerperanud MnS Bo BpeMst HEPEphIBHOM PAa3IUBKH PETLCOBOM CTAIH.

N3n0:xeHne 0oCHOBHOTO MaTepuana. Y4acTok (a30BOH CHCTEMBI BBISBISICT HAINYHE IBTEKTHK
TemnepaTypsl mnasienns 988°C u comepxkanue cepbl 31%. DTa 3BTEKTHKA OCAXJACTCS HA IPAHHIE
3epeH, TIe CTalb KPUCTALIU3YETCs, Jefas CcTainbh Xpymnkod mpu mpokatke [8]. Cepa Taxke oTpuiia-
TENBHO JISWCTBYET Ha CTallb, KOTOpas padoTaeT NMpU HU3KHX TeMIlepaTrypax, TaKk Kak OHa MOHWKAET
YCTOWUYMBOCTh K MEXAHWYECKHM CBOMCTBaM B YCIIOBHSIX pa3IMuHOM Harpy3ku. Ilo 3Toii mpuunHe
cTallb He AoKHA coaepkath Oonee 0,005% cepbl, YTO SBISETCS HEMPEOMAONIMMBIM 3HAUYCHUEM IS
MaTepHaJOB, U3 KOTOPHIX M3TOTOBJIEHBI KOHCTPYKIIMH TPAHCIOPTHBIX CPEIICTB U TPYOOIPOBOIOB, pa-
0OTalONIMX B YCIOBUSAX HU3KHUX TEMITEpATyp, a TAKXKe MaTepHUajoB JIsl TpaHcHopTa [9].

KonmeHTparusi XUMHYECKUX 3JIEMEHTOB HEMETAIMUSCKUX BKIIOUYEHHH MnS ycTaHOBIICHa BO
BpeMsi JOBOJIKA XUMHUYECKOTI'O COCTaBa PEIbCOBOM CTajM, KOTrJla OHA TOTOBUTCS K pa3liuBKe. Briroue-
HUst MnS MOryT OBITH CO3/IaHBI TONBKO TOT/a, KOrjaa Oy/eT MPEBhIIICHO 3HAaYeHHE IPOU3BENICHUS pac-
TBOPUMOCTH OaraHca:

Qpan. = Dowanc s - (1)
3aBUCHMOCTb OT ITPOU3BEIICHUS PACTBOPUMOCTH 10 TEMIIEpAType CYIb(pHaa Mapratiia papHa:
logQ =-8 627/ T +4,745.
[Ipomecc cozmanus MnS BeIpaxaeTcsl CIeAyIomed XUMUIecKon peakuei [2]:
[Mn] + [S] = (MnS).

AG = -R-T -WmK =R -T -In 4 nins , )
an.fSMn %S

rae R —rasoBas moctostHHas, J mol” K'];
T — remneparypa, K;
fs — K03 HUIMEHT aKTUBHOCTH CTAJIbHBIX 3JICMEHTOB.
Mogenb BKIItOYaeT B ce0si 00pa3oBaHME HEMETaUIMYSCKUX BKIIOYCHHIA BO BPEMs 3aTBEpeBa-
HUs, 4TO JIeJaeT MOJASIMpOBaHue Oojiee peanucTuyHbM. [Iporpamma, Ucob3yeMas B 3TOM HCCIIEN0-
BaHUH, ONMPENECISICT KOHIICHTPAINI0O KOMITOHCHTOB B JKUIKON (pa3e Ha KaXKJOM dTale U KOHTPOJIUPYET
pe3yabTaT BBIUMCIICHUS TEKYILEro 3Ha4eHHUs MPOW3BeleHHS pacTBopuMocTu. I[lporiecc cerperanuu
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Cephbl U Maprasiia, a Takxke (OpMUPOBAHHUE MapraHila CyJb(OHUIHBIX BKIIOYCHHIH, OCHOBAHBI HA MaTe-
MaTHUYECKOM MOJIEIH, KOTOpasi BKIIIOYaeT B ce0si 00pa3oBaHHe HEMETATMYSCKUX BKIIOUEHHUH U jena-
eT MoJieMpoBaHue Oosiee peasucTudHbiM [10].

Jns pacuera XMMHUYECKOr0 COCTaBa KOHBEPTEPHOU PEIbCOBOM CTalM MCIOb3YIOTCA JaHHBIE,
KOTOpbIC yKa3aHbl B Ta0uIIE 1.

Tabauua 1
XUMHYECKUH COCTaB PEITLCOBOM CTallM MPUHATHIN B pacueTax, %o

Cramnp C Mn Si S P Cr Ni \Y% Al

0,75 0,93 0,32 0,016 0,024 0,05 0,03 0,063 | 0,0054

KomnbrorepHoe MoenupoBaHue ObLIO MPOBEACHO MPU CKOPOCTH OXJIAXIACHHUS, COCTABIIAIONICH
100 K/mMuH; ycTaHOBJICHHAs] aKTHBHOCTD CyJib(uaa Maprania obuia pasua: 0,3; 0,6 u 1,0.

W3 pe3ynbraToB, MONYYEHHBIX ITyTEM MOJCIHUPOBAHUS MPOIECCa PACTIPEACTICHUS U HEMETAJLIH-
YEeCKHMX BKIIOUCHHH GopMHupoBaHKs MnS, BUHO, YTO MMPOU3BOJCTBO OCAXKIACHHUS ONMPEACIISICT KOHIICH-
Tpalui 000MX KOMIIOHEHTOB, 00pa3yIOIIMX HEMETAUTHYeCKUE BKIIOYCHUS. MUKpO-cerperamus cro-
coOCTByeT 00pa30BaHMIO BKIIOYCHUN C MIOMOIIBI0 XUMHUECKUX PEAKIUN, B OCHOBHOM, OKCHJ U CYJIb-
¢un. MoMEHT BO3HMKHOBEHHUS M KOJMYECTBO MnS 3aBHCAT OT KOHIICHTPAIIMKM KOMITOHEHTA, TCPUIUT
KOTOPOI'0 HAOJIIOIaeTCs B MEPBYIO 0YEPEb.

Pe3ynbraThl pacueToB KOIHMYECTBA CEPhl M MUKPO-CErperallii MapraHiia B pelbCOBOW CTallH, C
akTUBHOCTHIO MnS pasnoii 0,3; 0,6 u 1,0, mpuBenens Ha pucyHkax 1 u 2. Ha puc. 2 mokaszan xom u3-
MEHEHHMSI COCPIKaHMsI CePhl B MPOILIECCE KPUCTAIUIM3AIMH PETbCOBOM CTaJIM, KOTOPBIN YBEINYMBACTCS
oT HavgaypHOTO 3HavyeHus 10 0,016% S, 0,095% no aMns = 1 u 0,58% B aMnS = 0,6. beio ycTaHos-
JICHO, YTO pa3pbiB KPUBOM CErperalunu cepbl CyUIECTBOBAJ W PaHbUIE, JUIsl HAUMEHBIIETO JEUCTBUS
cynbduaa Mapranmna (aMnS = 0,3). DTo 03HaYaeT, YTO OCAXKICHUE CEPhl, KAK KOMIIOHEHTA JKUJKOTO
pacTBopa, UMeJI0 MeCTo paHnee, ueM MnS (aMnS = 1).

Ha puc. 2 mpencraBiensl KpUBbIE Cerperaldi Mapraiia rmpy 3aJJaHHOM peTbCOBOM CTaJIl CO CKO-
poctbto oxnaxaenus: 100 K/mun. CyiecTBeHHYI0 pa3HUIly MOXHO HaOIlI0JaTh Ha KPUBBIX CErperanyn
cepbl. [IpuunHOI TOTO SABJSIETCS, TIABHBIM 00pa3oM, 3HaueHue koddumnumenta k maTepdetica pasme-
JIOB, YTO 3HAYUTECIILHO BBIIIEC, YEM JI1 MapraHiia, CCpbl. i) IMOKa3bIBACT, YTO JIA CCIrperalli KPHUBBIX
MapraHiia KOHIIEHTpaIus Maprania Beipocia ¢ 0,93 mo 1,5 Bo Bcex BapuaHTax AeaTeIbHOCTH MnS.

Ha pucynkax 3-5 u300paxaroT xo/1 (haKTHYECKOr0 ¥ PAaBHOBECHOI'O 3HAYCHHUS IIPOU3BEICHUS Pac-
TBOPUMOCTH. Bo Bcex ClIydasx IEepeCCUYCHUA KPHUBLIX, IMOKA3bIBAIOIIUX HAa 3aBUCUMOCTH TEMIICPATYPBI
PaBHOBECHSI U pEAJIbHOTO MPOYKTa PACTBOPUMOCTH, YKa3bIBaeT Ha OPMUPOBAHKE BKIFOUECHUH MnS.
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Puc. 1 — Muxkpo-cerperanuu cepbl B MpoLecce KPUCTAIUIM3AINUN PENCOBOM CTalN MPU
CKOPOCTH OXJIaKIeHUs, cocTarsiromeit 100 K/mun
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Puc. 2 — Mukpo-cerperaiiud Mapradiia BO BpeMs KpUCTaUIH3AIH PEILCOBOM CTalU MPHU
CKOPOCTH OXJakJeHusI, cocraystoriei 100 K/Mun
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Puc. 3 — CpaBHeHne 3HaueHMI OanaHca MPOAYKTa pacTBOPUMOCTH MnS mpu cKOpocTH
oxnaxaenns 100 K/mun. Axrusaocts 0,3
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Puc. 4 — CpaBHeHne 3Ha4eHMH OanaHca MPOAYKTa pacTBOPUMOCTH MnS mpu cKOpocTH
oxnaxaenus 100 K/mun. Axkrusrocts 0,6
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Puc. 5 — CpaBHeHune 3HaueHM# OanaHca MPOAYKTa pacTBOPUMOCTH MnS mpu cKOpocTH
oxnaxaenns 100 K/muna. AxktuBHoCTs 1,0

BriBoabI

1. Pe3ynbTaThl KOMIOBIOTEPHOTO MOAETHUPOBAHMUS MOKA3aJll, YTO BBIAEICHHS Cepbl M MapraHia
MnS ob0pasyrorcsi B mpoiecce kpucramusaiui. Cioi HeMeTaUIMYecKHX BKIIOUeHHH MnS Jierko
OCaKJAETCs B KAUECTBE KOMIIOHEHTA >KHUJIKOI'O PACTBOPA.

2. Hemerannmuueckue BKIOYSHUST MnS pa3inyHbIX pa3MepoB U GOpM MOTyT ObITH 00pa3oBaHBI
B IIPOLIECCE 3aTBEPIAEBAHMSI CTAIN, B 3aBUCUMOCTH OT UX XHUMHUYECKOTO COCTABA U CKOPOCTH OXJIAXKJIE-
HUs. JTO OyJer 3aBUCETh OT TEPMOJMHAMHYECKUX YCIOBHH WX 00pa3oBaHUs. XUMHYECKUH COCTaB
MOJIy4YaeMbIX COEAMHEHUM OYEHb Ba)KE€H, TaK KakK, 3Hasg €ro, MOXKHO ONPEAENUTh AAJIbHEHIINN X0
IIJIABKH.

3. Pe3ynbTaThl mOKa3anH, 4YTo NMpH KprcTamm3anud MnS nipu Oonbiell akTHBHOCTH 00pa3yer-
cst OoIblee KOTMYECTBO HEMETAJUTMISCKUX BKITIOUCHHH.

4. MopenupoBaHHe C MOMOIIBIO KOMITBPIOTEPHBIX MPOrPaMM, MCIOIB3yeMBbIX B 3TOH paboTe,
MOXET OBITh MOJIE3HBIM IS MOHUTOPUHTA MPOIECCa B PEATBHBIX YCIOBHSX.
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HCCIEAOBAHUE 3HAYUMOCTHU PA3INYUSA CPEJHUX XUMHUYECKOI'O
COCTABA PACIIJIABA U EIT'O TEMIIEPATYPbBI
B YCJIOBUSX LD-ITPOLECCA

Ha ocnose dannvix 0 xumuueckom cocmage u memnepamype Memaiiudecko2o pacniasd,
NOAYUEHHO20 8 YCAOBUAX KUCIOPOOHO20 KOHBEPMUPOBAHUSA C UCNOIb308AHUEM NaAKema
npuxaaoHvlx npoepamm StatSoft Statistica 8.0, evinonnen anaius sHAUUMOCHU PAZIUYUS
Cpeonux 015 KOHGEPMepPos ¢ 8epXHell NPoOYEKo.

Knwuesvie cnosa: cmamucmuueckas 3HAYUMOCHb, HOPMATbHOCMb pACHpedesenus, t-
Kpumepuii, ouchepcus, cmamucmuka Jlesena, kpumepuii Manna-Yumnu.

bouoap B.1I /locnioscenna 3nauyugocmi 6i0MiHHOCHI cepeoHix XIiMIUHO20 CK1ady po3-
naagy i iozo memnepamypu é ymoeax LD-npouecy. Ha ocnosi danux npo Xximiunutl
CKIA0 | memMnepamypy mMemaiego20 po3niasy, o 00epHCaHUll 8 YMOBAX KUCHE8020 KOH-
BEPMYBAHHI 3 BUKOPUCMAHHAM NaKemy npukiaonux npoepam StatSoft Statistica 8.0, eu-
KOHAHUL aHAi3 GIOMIHHOCMI CepeOHix 01k KOH8EePMEPIE 3 6ePXHbOIO NPOOYEKOIO.
Knrwouosi cnosa: cmamucmuuna 3HAYUMICMb, HOPMATLHICMb PO3NOOINTY, t-Kpumepitl,
ducnepcis, cmamucmuxa Jlesena, kpumepiti Mauna-Yimui.

V 1. Bondar. Study of the significance of differences of average chemical composition
of the melt and its temperature in terms of the LD-process. Development of modern me-
tallurgical production and engineer requires the scalene study of process of thermody-
namics and kinetics of process of the oxygen converting. Creation of the determined mod-
el of the oxygen-converter melting is not possible, a statistical method was therefore
used. The aim of the real research was determination of meaningfulness of distinction of
mean values of chemical composition and temperature of metallic fusion of converter re-
distribution with the use of t - criterion for independent selections. For realization of sta-
tistical analysis the programmatic package of STATISTICA 8 was used. As a method of
verification of statistical hypothesis about equality of middle two selections, the criteria
of self-reactance and non-parametric statistics were used. Arrays of data, that analyses,
were presented 88th melting from the first converter and 93th melting got on the second
converter. It is set a calculation, that diagrams of scope for variables (T, °C), [C], [S],
[P] answer distribution of variables under the law of normal distribution. At the same
time distribution of variables [Mn] and ap; appraised by the same method, it is fallen
short of the law of normal distribution. It is set that for variables (T, °C) and [C] a hy-
pothesis about equality of dispersions cannot be accepted. Calculation of comparison
middle conducted on methodology of values of t - criterion with the separate estimations
of dispersions. The results of calculation show that mean values of variable [C] meaning-
fully differ for fusions of both converters: 0,044 and 0,037% accordingly. At the same
time mean values of variable (T, °C) meaningfully not distinguished. It is shown that hy-
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