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NMYTN COBEPLLUEHCTBOBAHUA TEXHOJ10'M rnPON3BOACTBA
OCEBbIX MAPOK CTAJN

O.11. KPACIOK, Y. O. IINCAPEHKO, B. C. IIVTEEB, OAO «bM3 — ynpasasiowas komnanusi xonounea « BMK»,
2. Knooun, I'omenvckas oon., berapyco, ya. llpomviuinennas, 37. E-mail: zamm.otk@bmz.gomel.by.
Ten.: +375 233455959

TIpeocmasiennl pezynvmanivi pabomsl NO COBEPULEHCMEOBAHUIO MEXHOIO2UU NPOU3BOOCNEA HENPEPLIBHONUMBIX 3420MOBOK
300%400 mm, npeOHasHayeHHbIX OISl U320MOBLEHUA OCell HCeNe3HO0OPOICHO20 mpaHcnopma. Onpedenenbl HeoOXo0uMbvle mex-
HONO2UYECKUe ONepayuu, Pexcumsl U YCA08Us Olisi NOLYUEHUs 3A0aHHBIX MPebO8AHUL NO KAYeCmEY MAKPO- U MUKPOCHPYKMYPbl
HenpepuleHOIUMOUL 3a20mosKu. B npoyecce svinoanenus pabonvt UCnoib308a1CA WUPOKUL CHEKMP COBPEMEHHBIX MEMO008 UC-
Ce008anUll, BKAIOUASA PA3IULHbIE MEMOOUKU OYEHKU MAKPOCMPYKNYPbL HENPEPLIGHOIUMBIX 3A20MOBOK, MEMAII0epaAduiecKue
AHATUZBL C UCNOTbIOBAHUEM ONMULECKO20 U INEKMPOHHO20 MUKDOCKONA.

Knioueswvie cnosa. Henpepvignonumas 3a2omoska, eneneunas oopadomxa, HeMemaiiuiecKkue eKkuiouenus, 6mopuiHoe oKucIeHue,
MAKPOCMPYKMypa, MUKpoCmpyKmypd.

Jns yumuposanusa. Kpaciox, O.I1. Ilymu cosepuiencmeosanusi mexnHoio2uu npouzeoocmea ocesvix mapox cmanu / O.I1. Kpaciox,
U.O. Mucapenro, B.C. Ilymees // Jlumve u memannypeus. 2024. Ne 4. C. 50-54. https://doi.org/10.21122/
1683-6065-2024-4-50-54.

WAYS TO IMPROVE THE TECHNOLOGY FOR PRODUCING
AXLE STEEL GRADES

O.P. KRASYUK, 1. O. PISARENKO, V.S. PUTEEV, OJSC “BSW — Management Company of Holding “BMC”,
Zhlobin, Gomel Region, Belarus, 37, Promyshlennaya str. E-mail: zamm.otk(@bmz.gomel.by.
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This article presents the results of efforts to improve the technology for producing continuously cast billets measuring
300%400 mm, intended for manufacturing railway axles. The necessary technological operations, modes, and conditions required
to meet the specified quality requirements for the macro- and microstructure of continuously cast billets have been identified.
A wide range of modern research methods was employed during the study, including various techniques for assessing the macro-
structure of continuously cast billets, metallographic analyses using optical and electron microscopy.

Keywords. Continuously cast billet, secondary metallurgy, non-metallic inclusions, secondary oxidation, macrostructure, microstructure.
For citation. Krasyuk O. P, Pisarenko I. O., Puteev V.S. Ways to improve the technology for producing axle steel grades. Foundry
production and metallurgy, 2024, no. 4, pp. 50-54. https://doi.org/10.21122/ 1683-6065-2024-4-50-54.

B Hacrosimee BpeMst BO3pacTaeT Ipy30- U MacCakUpoOOOPOT HKENEe3HOAOPOKHOTO TPAHCIIOPTA, MOBBIIIA-
IOTCSI CKOPOCTH JIBUYKEHHSI TIO€3/I0B, YBEITHUUBACTCS IPY30I0ABEMHOCTh BATOHOB, YKECTOUAIOTCS TPeOOBaHUS
K 0€30MacHOCTH BMKEHUS. B CBsI3M ¢ 3TUM pacTyT TpeOOBaHHUS K OCSM T'PY30BBIX JKEJIE3HOIOPOKHBIX Baro-
HOB, KOTOPbIC JTOJKHBI BBIICPKUBATh HUKIMYECKUE HATPY3KH B PA3IMYHBIX YCIOBHUSIX OKpPY’KAIOIIEH Cpelbl.
KauecTBo keJIe3HOJJOPOKHBIX OCEl HAMPSIMYIO 3aBUCUT OT Ka4ecTBa MCXOAHOW HEMPEPBHIBHOIUTON 3ar0TOBKU
(HJI3), B yacTHOCTH, €€ MUKPO- 1 MAKPOCTPYKTYPHI.

Cxema npoun3Bo/icTBa HenpepbIBHOMUTOMN 3aroToBkH ctanu Mapku OC mo 'OCT 4728 nokazana Ha puc. 1:
OT/IeJICHHE TIOJIN'OTOBKY METAJJI0JIOMa — BBIIUIABKA CTAIM B TYTOBOM CTasleIIaBUIbHON neun — oOpaboTka Me-
TaJjia Ha yCTaHOBKE MeYb-KOBIII — JIera3als cTaiu Ha Bakyymarope RH — pa3nuBka Ha MalinHe HEPEpBIBHOTO
JIMTHS 3aTOTOBOK.

[Ipu pemeHrH OCHOBHOW 33/1a4d MO OOCCIICUYEHHIO KAYECTBEHHBIX XapaKTEPUCTHUK 10 MaKpoO- U MHUKPO-
CTPYKTYpE OCEBBIX MapOK CTaJId BBIOpaHBI OCHOBHBIE ITyTH COBEPLICHCTBOBAHHS TEXHOJIIOTHH:

1. VYaydmeHrne MakpoOCTPYKTYPBI CIIMTKA 33 CUET pa3paboTKH ONTUMAILHOTO PEKHMa BTOPUYHOTO OXJIaXk-
JICHUSI TIPU 38JIaHHOM CKOPOCTH U TeMIIeparype CTallu.
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Puc. 1. Cxema npou3BoJCTBa HENPEPHIBHOIUTOMN 3arOTOBKHU

2. CHmXKeHHe CONIep)KaHUS HEMETAUTMYEeCKUX BKJIIOUEHHH B CTalld ITyTeM NOBBIIEHUS 3()(EeKTHBHO-
CTH TIPOBEJICHHs Omepanuii MOAM(DHUIIMPOBAHUS CTAM B CTAIEPA3TMBOYHOM KOBIIIE Ha YYacTKE BHEMEUHOW
00paboTKH.

IlepBast ombITHAs cepusi U3 CEMU IJIABOK BhITUIaBiIeHa U pa3inuta B 2017 . Pa3paboTKy TeXHOIOTHYECKAX
rmapaMeTpoB paznuBku cranu Mapku OC ocymiecTBiIsum Ha 0asze yxe pa3padoTaHHOW TEXHOJIOTHH TPOU3BOI-
cTBa cTaju Mapku 45. Pe3ynsraTsl OlleHKH MaKpOCTPYKTYPHI JaHHOM CepHH IIJIaBOK IIPUBEIEHBI B Ta0M. 1.

Tabnuua 1. Pe3yJbraTsl OLEHKH KauecTBa MAKPOCTPYKTYPbI 0CEBBIX 3aI0TOBOK

Homep mnasin IenTpainbhas Ocesast JIukBaloOHHbIE Caemnast nosioca | Kpaepble ToueuHble
TIOPHUCTOCTH JIMKBALUS TIOJIOCKU M TPEIUHBI (KOHTYD) 3arpsA3HEHUs

1 3,0 3,0 0,5 0 1,0

2 3,0 3,0 0 0 0,5

3 3,0 3,0 0 0 0,5

4 3,0 3,0 0 0 0,5

5 1,5 2,0 0 0 0,5

6 4,0 3,0 0 0 0,5

7 2,0 3,0 0 0 0,5
Tpe6osanus [OCT 4728 5 ) 5 5 5
He Gonee, 6asl

[To pe3ynbraraM NepBUYHBIX UCTIBITAHUI MAaKPOCTPYKTYpBI HENIPEPHIBHOIUTON 3aTOTOBKH OOHAPYKEHBI OT-
KJIOHEHUS TI0 HAJIMYMEO OCEBOM JIMKBALMM U LIEHTPAIbHONW TOPUCTOCTH.

OCHOBHOH NMPUYHMHOW BBISIBICHHBIX JE(PEKTOB SBISETCS cllabopa3BUTasi paBHOOCHAS 30HA CIIUTKA, MPH KO-
TOPOM OTCYTCTBYET MOJIUTKA 3aTBEPCBINCH 30HBI XHUAKOKW (a3oi. Ha npoTsykeHHOCTh TOW WIIM MHOM 30HBI
BJIMSICT LEIBIN psil PaKTOPOB, K KOTOPHIM MO’KHO OTHECTH XUMHUECKUH COCTAB KPUCTAJUTU3YIOMIETOCS METalla,
€ro ra3oHachIIEHHOCTh, TEMIIEPATYPy W CKOPOCTh Pa3IMBKH METallla, IPOTSHKEHHOCTh 30HBI ABYX(a3HOTO CO-
CTOSIHUSI, TIPOAOJKUTEIILHOCTE 3aTBepaeBanus 1 npyrue gaxkropsl. C nensio nonyuenus HJI3 ¢ orpanndeHHOR
30HOH CTONOYATHIX IEHIPHUTOB, PA3BUTOW 30HOW PAaBHOOCHBIX KPHCTAIIOB C PACCPEIOTOMCHHON EHTPaTbHON
MIOPHCTOCTBIO U OCEBOM JIMKBAIMEH 11e7Iec000pa3HO YBEINYHBATh MPOTSIKEHHOCTD 30HBI ABYX(Aa3HOTO COCTOSI-
HUS IIyT€M CHUXXECHMSI HHTEHCUBHOCTU OXJIAKJEHUS, MUHUMM3AlUU TEMIIEPATYPHBIX I'PaJMEHTOB MEXy KOH-
Typamu oxnaxaenust HJI3. Jlis atoro mpu pacdere yaeabHBIX pacxog0B BTOPUYHOTO OXJIAXKIECHHS MPEII0KEHO
CHHM3HTh MHTEHCHUBHOCTH OXJIXICHHS B 30HE TIO1005 C IIETbI0 YMEHBIICHUS PA3HOCTH TEMIIEPATypP Ha BBIXOJE
U3 KPUCTAIUTM3aTOpa U 00ECNeYnTh TNIABHOE CHUYKEHUE TEMITEPaTyPhbl TIOBEPXHOCTH CIUTKA. TEeXHOIOTHYECKUE
IapamMeTpbl BTOPUYHOIO OXJIAXKACHMS IO PAacXO1y BOJBI HA KAK/IbIM KOHTYp OXJIAXIECHHUS B 3aBUCUMOCTH OT
CKOPOCTH Pa3NuBKH [uisi craneit Mmapku OC npuBeieHbI B Ta0I. 2.

Tabnu Ima 2. PaCXOIlbI BOAbI 30HbI BTOPUYHOI'0 OXJIAKACHUSA IIPU pa3jiMBKe CTAJIU MapKH ocC

Pacxon BOEL CKopocTh, M/MHH

i 0,00 | 0,10 | 0,20 | 0,35 | 0,40 | 0,50 | 0,60 | 0,70 | 0,80
Konryp 1 5 5 5 9 11|14 |17 |20 | 24
Koutyp2 | 5 | § S16 |9 1113|1517
Konryp 3 5 5 5 14 | 16 | 19 | 22 | 24 | 40
Koutyp4 | 5 | S S| 11|13 |15] 17|19 | 28
KoutypS | 7 | 7 | 7 9 | 10|12 | 13| 15
Kontyp 6 5 5 5 5 6 7 9 |10 12
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PazpaboTka onTUMaNbHBIX PEKUMOB BTOPHYHOTO OXJIAXKICHUSI TIPUBeJia K YAYUIICHHIO IToKa3aresied Kaue-
cTBa 1o Makpoctpykrype HJI3, crabuinbHOMY CHHXKEHUIO 00pa30BaHuUsI HEIOIYCTUMBIX CTPYKTYP IO CCUCHUIO
0CEBBIX 3aroToBoK. Makpoctpykrypa HJI3 1o 1 mocie pa3zpaOoTaHHBIX MEPOIPHUSITUN BTOPUYHOTO OXJIaKACHUS
MOKa3aHa Ha puc. 2.

a o 8 2
Puc. 2. MakpocTpyKTypa OCEBBIX 3aTOTOBOK JIO (@, 6) M TIOCTE (8, 2) pa3pad0TaHHBIX PEKIMOB

U3 oceBoif 3aroTOBKH M3TOTABIMBAIOTCS YEPHOBHIE JKEIIE3HOJOPOXKHBIE OCH CIIOCOOOM ropsueii neopma-
1mu (KOBKA) C MOCIEAYOIIeH TepMUIeCcKoi 00padOTKOMH, KOTOPhIE B aTbHEHIIIEM ITOIBEPTAIOTCS KOHTPOITIO Ka-
94ecTBa MOBEPXHOCTH, MAKPOCTPYKTYPHI M 3arPS3HEHHOCTH HEMETAJUTHYECKIMH BKIFOYEHUSIMU B COOTBETCTBUHU
¢ I'OCT 33200.

CHukeHHne COACPKAHUA HEMETANINICCKUX BKJIIOYEHHII B CTaJIH

B nanbHelinieM U3 4epHOBOI OCH IMOJIyYalOT YUCTOBYHO OCh, CIIOCOOHYIO BBIICPIKHBATh IUKIUYECKUE Ha-
Ipy3KH TIPU BO3ICUCTBUU (PAKTOPOB OKPYIKAIOMICH CPEIbl.

KadecTBo cTanu 3aBUCUT HE TOJIBKO OT KOJIMYECTBA BKIIOUEHUM, HO M OT UX paclpeAecHHUs], TOBEACHUS IPU
KpHUCTaJUTU3AIMH, TEPMUIECKON 00paboTKe U JiehopMaIiy, TIOATOMY HEOOXOIUMO TIOTYYUTh B CTAITH BKIIFOYCHUS
C ONTUMAIILHBIMU MTAPaMETPAMH, JUTS OTIPEIIeIICHHUST KOTOPBIX HEOOXOIUMEI CTIeTIHATbHBIC UcCae0BaHus [ 1].

OT M3rOTOBUTENEH YUCTOBBIX OCEH IepeaaHbl IPOU3BOIUTEIIO TIPOOBI Ocell ¢ BHYTPEHHUMHU Je(PEeKTaMH,
BBISIBIICHHBIMU TIPW TIOMOIIM YJABTPa3BYKOBOTO KOHTpoIs. McciemoBanne BHYTpeHHNX JeeKTOB Ha oOpasiax
YUCTOBBIX 0CEH MPOBOIUIN METAIOTPaGUISCKUM METOIOM, TTYTEM TIOCIEIOBATEIIEHOTO CHATHS CIIOS METalia
nui(OBKON € TIOCIEAYIONICH MOMMPOBKOA. Ha mMoaroToBIeHHBIX MUKPONLTH(AX B MECTE PACIIONIOKEHHUS OT-
MeUYeHHBIX JIe(heKTOB 0OHAPYKEHbI HEMETATHYeCKIe BKIIIoYeHUs AinHo ot 0,5 o 2,6 mm. [l onpeneneHus
COCTaBa BKJIFOYCHHN 00pa3Ibl UCCIIEOBAaHBI C MOMOIIBIO PACTPOBOTO AIIEKTPOHHOTO MUKpockoma. Ha puc. 3
MPEACTABIICH BUJl U COCTAB HEMETAINIMYECCKUX BKIFOUCHUI.
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Ha o6pa3uax, BeIpe3aHHbIX U3 GparMEeHTOB YHCTOBBIX OCEH B MECTE PACIIOIOKEHHS BHYTPEHHHX Je(EKTOB,
BBISIBJICHBI BKJIFOYEHUS CIIOKHOTO COCTaBa, B OCHOBHOM coctosiiue u3 Al,O; 9HIOTeHHOTO MPOUCXOKACHUS
(TIIeHOYHOTO THIIA).

B coorBercTBUU ¢ JeiicTBYIONIEH TeXHONOTHEH mpou3BoacTBa ctainu Mapku OC paduHUpOBaHHE U MOJH-
(unmupoBaHre MeTajula B KOBIIE MPOM3BOAMIN KAIbLUICOICPKAITMMU TOPOIIKOBEIMUA MPOBOJIOKAMHU. DTOMY
CIOCOOCTBYET BBICOKOE XMMHUYECKOE CPOJCTBO KANbLUS K KUCIOPOAY, Cepe, YTO 00ECIIeUnBACT BHICOKYIO CTE-
IIEHb PACKUCIICHUS pacIulaBa, Aecyab(ypanuro.

TBepabie (pu TeMIepaTypax pas3jiMBKH) BKJIIOYEHHS Ha OCHOBE aJIOMHHATA KalbLUA SABISIOTCS MPOILyKTa-
MU MOJTU(QHIINPOBAHNUS CTATH KajblineM, oborameHHbMU okcuaamu (MgO, Al,O5) — mpogyKTaMy BTOPUYHOTO
OKHCJICHUS, THO0 MarepruaioM OTHEYIIOPOB, U HE ylaJeHHbIE B X0/ (MHUIIHOW NPOayBKH. BeposTHast mpuyn-
Ha UX 00pa30BaHMs — CHJIbHOE BTOPUYHOE OKMCIIEHNE HIJIM HEJJOCTATOYHAsl Macca MPUCAIKH KaJIbITHsL.

Packuciienne cranm anroMUHEEM 00ecTieduBaeT TPeOyeMyto HU3KYI0 KOHIICHTPAIUIO KUCIOpoa, HO 00-
pasylolecs npy 3TOM OCTPOYTOIbHBIE MPOIYKThI, TAKKE, KAK KOPYH/ U IITTUHEH, CIIy)KaT KOHIEHTPAaTopaMu
HaNpsHKCHUH B CIIOCOOCTBYIOT 00pa30BaHUIO MUKPOTPEIIUH, OXPYITUYUBAIOIINX METAIITUYECKYIO MaTpuily [2].
KopynnoBbie BkitoueHus pasmepom Oosiee 10 MKM — IPOAYKTHI PACKHCICHUS CTAIH ATFOMHHHEM, KOTOPbIE
JIOCTaTOYHO OBICTPO BCILIBIBAIOT M YAAJSIOTCS B IUTAK. J{Jist y/laneHus MEJIKMX KOPYHIOBBIX BKIIFOUEHUH MIPO-
W3BOAMTCS MOIU(MUIIMPOBAHUE CTANIN KalbliueM. KanbIuii, IBIsSICh SHEPTUYHBIM PACKUCIUTEIEM, 00pa3yeT
C ITIMHO3E€MOM aJIIOMHUHATBI, KOTOpPbIE IPU MaccoBoi nose kanbius oT 40 1o 60 % u Temneparype pa3IuBKH
CTaJIi HaxoATCA B KUJKOM BHE. B mporecce BCIUIBITHS TakHe BKIIIOUEHUS YKPYIHSIOTCS (CIUBAIOTCH),
a Tak)Ke MPU HAJUYUHU BTOPHUYHOTO OKUCJIEHUS HACBIIIAIOTCS IIMHO3EMOM BCIIEACTBUE KOATYISLUNA KOPYH-
JOBBIX BKJIIOUEHHUH.

OCHOBHBIMH YCIIOBHUSIMH JUTS OOecIieueHHs Hanboliee MOIHOW MOTU(PHUKAIIMU TBEPAbIX BKIIOUCHHN TIIMHO-
3eMa B CTalld, 00padOTaHHOW KaIbLIMEM U PACKUCICHHOW aIFOMUHHUEM, SBISIFOTCS:

1. CHmXeHHe BTOPUYHOTO OKHCIEHHS IMyTEM ONTHMU3ALHMK PEKHMOB IPOAYBKM METajula aprOHOM.
OCHOBHBIM TNIPUHIIMIIOM HOBOTO pPEXHMMa IPOTYBKH SIBIAETCS HCKIIOYEHHE OTOJICHHS 3epKajla MeTajlla Mpu
«MSTKOW» TIPOJTyBKE. YCTAHOBJIEHHBIM PEXHUM YMEPEHHOW NMPOAYBKH MpEAINoyiaraeT pacxoj aproHa He Oosee
40 51/MUH JIATENBHOCTBIO HE MeHee 10 MuH.

2. JloGaBKa KaJbIHs B 3aBUCUMOCTHU OT COZICPKAHUS aKTHBHOT'O KHCJIOpOAa U cephl B cTanu. [1pu nanbHei-
meM npoussoactse HJI3 ycraHoBIeHO LieneBoe cofepkaHue 0cTaTouHoro conepskanust Ca He 6omee 15 ppm.

3. VYcrpaHeHue BO3MOKHOCTH BTOPUYHOTO OKMCIIEHHUS TpU pasnuBke metamia Ha MHJI3 — ucnons3oBa-
HUE 3aIIUTHBIX TPYOOK MEX/1Y CTaJIbKOBIIOM M IPOMKOBILIOM, MEXK/Y MTPOMKOBIIIOM M KPHUCTAIIU3aTOPOM.

Takke UCKITFOYCHBI MTPUCAAKH ATIOMUHHSI MTOCIE BAKYYMHOH 00pabOTKM U MOCIEAYIOINI MOJOrpeB Tia-
BOK, O'paHMY€Ha CEPUITHOCTh Pa3IUBKU A0 6 TUIABOK C LIEIBbI0 UCKIIIOYEHHUS CIIy4aeB U3JIHMIIHEH 3pO3UH IIJIaKo-
BOT'0 1105ICA ITOTPY’KHOTO CTAKaHa Y 3aTATMBAHUS SK30I€HHBIX YaCTULl OTHEYNOpa B KPUCTAILIN3ATOP.

[ocne mpoBeneHNsT KOMITIEKCa MEPOIPUATHI 1O CHIDKeHHIO 1oau HB Bce mpoObl MeTamiorpaguueckoro
anaynu3a MetozioM 111 o FOCT 1778 coOTBETCTBYIOT 3asBJICHHBIM TpeOOBaHUsIM (puc. 4).

Ouenka HB metomom 1111

B Oxcumst CTPOYCYHBIC
B Oxcunsl ToyeuHbIC
M Cunuxars xpynkue

. CHUIHMKAThI TUIACTHYHEIE

bamn

M Cunuxars vesredopmupyronuecs
M Cymbouns

¥ Hurpuner crpoucunbie

¥ Hurpuner Toucunbie

1 ==
Howmep obOpasiia

HI/ITpI/IZ[I)I AJIFOMUHUA

Puc. 4. Ouenka HB cranu mapku OC nocie pa3paboTKn KOMIIIEKCa MEPOIIPUSTHIH



54 FOUNDRY PRODUCTION AND METALLURGY 42024

BriBOaBI

Ha ocHoBaHuu uccnenoBaHUM MONYyYEHHBIX Je(QEKTOB, ONPEACICH MOPSAOK PACKHCICHUS W MoAu(UIN-
pOBaHUsI MeTallla Ha y4acTKaxX BBIMJIABKH U BHEMEYHOW 00pabOTKH CTalli, BBEACHBI TPEOOBAHMUS 10 PACXOILy
IIPOBOJIOK, BHECEHBI U3MEHEHUSI B TEXHOJIIOTMUECKHUE MapaMETphl pa3iuBKU Merajula. [loaranHoe BHeIpeHUE
JAHHOTO KOMIUIEKCA TEXHOJIOTUYECKUX PEHICHUH TTO3BOJIUIIO CYIIECTBEHHO CHU3UThH KOJIMYECTBO Je(eKTOB Ha
BCEX JTAlax U3TOTOBJICHUS OCEH.
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