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OCOBEHHOCTHU CTPYKTYPOOBPA3OBAHUA B CTAJIM HY-TUF
PA3HBIX [TPOU3BOAUTEJIEN

Nzydenbl ocoOeHHOCTH (DOPMHUPOBAHUS MUKPOCTPYKTYphl B cTanmu HY-
TUF, mpou3BeneHHOW C HCIOJIb30BAHUEM PpA3TUBKH B CIUTKA CH(OHHBIM
COCOOOM M B MAallMHE HENPEPHIBHOTO JIUThSI 3aroTOBKH. Y CTAaHOBJIEHBI
OTJIMYMS NIPEBPAILICHHS IEPEOXIIAKIECHHOTO ayCTEHUTa UCCIIENYEMOM CTalH MpH
U30TEPMUYECKON BBIAEPKKE B TEMIEPATYpHOM HMHTEpBajie OCHMHHUTHOIO
npespaieHus. 1lokazaHo, 4yTo CTayb pa3HbIX IJIABOK XapaKTEpU3YETCs pa3HOU
CTENIEHBIO HEOAHOPOJHOCTH MHUKPOCTPYKTYpPBI, KOTOpas IpOSBISETCA IOCIIE
TEpMHUUYECKON 00pabOTKU B BUJIE MOJIOC HA MPOAOoJbHBIX Hutndax. [Iponssenena
KOJIMYECTBEHHAs! OLICHKAa HEOJHOPOJHOCTH MHKPOCTPYKTYPBI HCCIENYEMOM
CTaJIH.

Kntoueswvie cnosa: cranp; paznuska B ciutku; MHJI3; Mukpoctpykrypa;
TUIIaTOMETpust; (ha30BbI€ U CTPYKTYPHBIE MPEBPAIICHUS.

M. V. Maysuradze, M. A. Ryzhkov, A. A. Kuklina, O. A. Surnaeva,

MICROSTRUCTURE FORMATION IN VARIOUS HEATS
OF HY-TUF STEEL

The microstructure of the HY-TUF steel produced by means of the uphill
ingot casting and the continuous casting was investigated. The differences of the
austenite transformation of the steel heats were revealed in case of isothermal
bainite formation. Banded microstructures of the steel heats were distinguished.
The quantitative estimation of the microstructure banding of the investigated
steels was performed.

Keywords: steel; uphill ingot casting; continuous casting; microstructure;
dilatometer analysis; phase and structural transformations.

[Ipotiecchl cTpyKTypooOpa3oBaHusl B CTAISAX OOYCIOBJICHBI Pa3TIMYHBIMU
(dakTopaMu, OCHOBHBIMHU M3 KOTODPBIX SIBJISIIOTCS JIETUPOBAHUE M TEXHOJIOTHS
npousBojctBa [1-3]. Ha kaxmom »dTame MeTaJUyprUueckoro rmepeena
3aKJIaJIIBAOTCS (PaKTOPBI, KOTOPHIE MOTYT OMPEEIUTh NajlbHeiIee moBeIeHNnE
CTaJii Tpu TepMmuyeckol oOpaborke. K Takum (akTtopaM OTHOCHUTCS
XUMHYECKass ¥ CTPYKTYpHasT HEOJHOPOJHOCTh CTald. Pa3iudHBIA ypOBEHB
JETUPOBAHUA OTHCNBHBIX TMOJOC MOXET TPUBOAWTh K pa3IUudi0 B
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YCTOHYMBOCTH ayCTCHHUTA M (DOPMHPOBAHUIO HEOTHOPOTHOW MHUKPOCTPYKTYPHI

IpU  HEMPEPHIBHOM  OXJAXKACHHM OT TEMIEpaTypbl  ayCTEHUTH3AIUH,

U30TEPMUYCCKOM 00pabOTKe MM OTIIYCKE MAPTEHCUTHOM CTPYKTYphI [4—6].
XUMUYECKUH COCTaB UCCIICYyEMbIX IIJIABOK CTAJIU MPUBE/ICH B TAOJIHIIC.

XumMmuueckuii cocras, macc. %, ctaan HY-TUF
C Mn Si Ni Mo Cr S P Cu

IlnaBka Nel [0,24 [138 |155 |169 |040 |[034 |0,023 |0,019 |0,20
IlmaBkaNe2 024 (135 |142 |1,71 |040 |031 |0,004 |0,008 |0,16

Pa3nuBKka cTanu BBINOJIHAIACH B KpUCTAIIM3ATOp KpuBonuHeHon MHJI3
(mmaBka Ne 1) wiau B ciiuTk Maccoit 4,2 T CUPOHHBIM crtocoOoM (TuiaBka Ne 2).
[Tocne 3aTBepiaeBaHMs HENPEPBHIBHO JIUThIE 3aroToBKM IutaBku Ne 1
noABepraiuch HarpeBy Ao 1285 °C B TeyeHue 3 4 B NIPOXOAHOUN Iedn
HEIpepbIBHOTO AccTBUA. CIUTKM KE MOJABEPraid T'OMOICHU3alUHd IIpH
temneparype 1285 °C B treuenne 15-20 u.

HccnenoBanusi MPOBOIWINCH MPH TIOMOIIM awiiatomerpa Linseis L78
“R.ILT.A””. Temneparypa aycTeHUTH3aLMKM cTainu coctaBisuia 925 °C, Bpems
BBIIEPKKHA — 15 munyT. [locne aycTeHUTH3aIMK MPOU3BOAWIOCH HENPEPHIBHOE
oxJaxjaeHue odpasuoB co ckopoctbio 30 °C/c 1o TemrnepaTyp U30TEPMUUECKOM
BbIIepKKA 370-430 °C. AHanu3 MOJYyYEHHBIX AWIATOMETPUUYECKUX KPHUBBIX
IPOU3BOJWICA MO MeToauke [7]. B xome muimaroMeTpuyecKuX HCCIIeIOBaHUI
ctasmm HY-TUF ObulM yCTaHOBIIEHBI KPUTHUYECKHE TeMMepaTrypbl Aq U A,
KOTOpBbIE COCTaBMJIM, COOTBETCTBEHHO: s TuiaBku Ne 1 — 765+£10 °C m
860+10 °C, misg maBku Ne 2 — 755+10 °C u 875+10 °C.

[Tpu n3oTepMudecKoi BeIIEpKKEe cTajlb TuiaBku Ne 1 o6sagaeT HECKOIBKO
OobllIel YCTOMUMBOCTBIO MEPEOXJIaXKIEHHOTO ayCTeHHWTa NpU TeMmIepaTrypax
400 u 430 °C, uem cranp maBku Ne 2. IIpu temnepatype Bbiaepxku 370 °C
KMHETHKA TPEBpAIICHHUs] ayCTEHHTa B CTaIM OOEWX IUIABOK MPaKTUYECKH
WJICHTUYHA, BpEMs TIPUOCTAHOBKH IpeBpalieHus cocrariser 650 ¢ (puc. 1, a).
DTO CBsi3aHO C TeM, 4To npu Temneparype 370 °C OeiiHUTHOE TMpeBpalleHUE
NPOTEKaeT ¢ OO0pa3oBaHUEM MCKIIOYUTENIBHO HIDKHETO OeWHWTa, a mpH
temrepatypax 400 u 430 °C — dopmupyercs BepXHUN W HIKHUNA OCHHUT B
pa3IMYHOM COOTHOIIEHHH. TakuM o00pa3oMm, BapbUPOBAHHE XHMHYECKOTO
cOoCcTaBa MCCIIEyeMOW CTajdu B Mpelerax MapoyHOro, a TaKKe H3MEHEHHe
TEXHOJIOTUH PA3JIMBKA M MOCIEAYIOUIEr0 TOMOIE€HHU3UPYIOLIEr0 OTXKUTa
OKa3bIBalOT HEOOJIBIIOE BIUSHUE Ha KUHETUKY O0Opa30oBaHMs HUYKHETO OelHuTa
U TPUBOAIT K 3HAYMMOMY HM3MEHEHHUIO KHHETUKH OOpa30BaHUS BEPXHETO
oeitHHTA.

Haubonpiiee oTaMuMe KUHETHUKH M30TEPMHUECKOrO TMpEeBpalleHus
aycteHuta HaOmogaeTcss mpu Temneparype Boeiepxkku 400 °C (puc. 1, 6). B
ATOM cllydyae pa3HMIIA J0JIeW MPEBpaIIeHHs] B CTAIU Pa3HbIX IJIABOK JIOCTUTAET
0,45 npu BpeMenu Bbiaepxkku 150 c.
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Meramiorpadguueckoe HCCIeOBaHUE TUIATOMETPUUYECKUX 0OpasIoB
BBISIBWIO, YTO MUKPOCTPYKTYpa CTaldu MiaaBku No 1 cOCTOUT U3 Yepeayromuxcs
TI0JI0C C pa3HOM J0JIel ¥ TUIIaMH MTPOAYKTOB MpeBpalieHus (puc. 2, a).
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Puc.1. Kuneruka npespaienus aycrenuta B cranu HY-TUF npu paznuusbIx Temneparypax
nuzoTepMuueckoit Beiaepxkku: a — 370 °C; 6 — 400 °C

B onnoit uactu monoc OEHHUTHOE TpEeBpallleHUEe ayCTEHUTa He
peanr30BBIBAJIOCH B TEYEHUE BCETO BPEMEHM BBIIEPKKH, cocTaBuiiero 5000 c,
U B pe3yibTaTe MOCIEAYIOMIEr0 OXJIaXICHUS B HUX CPOPMUPOBAJICSI MAPTEHCHUT.
B npyroil yactu mojoc Mpu M30TEPMHUUECKUX BBIAEPKKaX chopmMupoBaiics
OeHUT pa3nuyHOoro TUna. B crpykType cramum maBku Ne 2 TOJIOCHL €
NOBBIIICHHON YCTOMYMBOCTBIO ayCTEHUTA MEHEE BBIPAXKEHBI, B IPOLECCE
BBIJICP)KEK B HUX 00pa30BaIOCh HEKOTOPOE KOJUYECTBO OeiHuTa (pHC. 2, 0).

Puc. 2. Mukpoctpykrypa ctanu HY-TUF nmocne nzorepmudeckoit BbIIEPKKH MPU
temneparype 430 °C: a — muraBka Ne 1; 6 — mmaBka Ne 2

OKCHEpUMEHTAIBHO ~ YCTAHOBJEHO, YTO B  HCCIEAYEMOW  CTalld
CTPYKTYpHasi HEOAHOPOIHOCTh MPOSIBIISIETCS ¥ IPU OTITyCKe MapTeHcuta. [locne
HU3KOTEMIIEPATYPHOTO OTITyCKa CTPYKTypHasi HEOJHOPOIHOCTh OOEHX IIaBOK
UCCIENYEMON CTald HE3HAYUTENIbHA: B CTPYKTYpPE CTaJIH IPUCYTCTBYET
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oTnyueHHbli MaprteHcutT. Ilocime ortmycka mpu Ttemmneparype 500 °C B
MUKpPOCTPYKType ctanu 1iaBku Ne 1 Ha ¢doHe copOuTa OTIyCKa BBISBISIOTCS
CBETJIBIE YYaCTKHU CO CTPYKTYpOM OTHYIIEHHOro MapTeHcuTa (puc. 3), B TO
BpeMs Kak i cTanu TuiaBku Ne 2 xapaktepHa Oosiee OJHOPOJHAs CTPYKTypa
copbuta ormycka. B cBeTIbIX ydacTKax MHUKpPOCTPYKTYphbl TutaBku Ne 1
3apETUCTPUPOBAH TMOBBIIICHHBI YPOBEHb MHKPOTBEPIOCTH: MHUKPOTBEPIOCTb
copbuta ormycka coctaBuia 370400 HV, a B cBemIBIX ydYacTKax
MUKpoTBepaocTh pocturana 440-445 HV. Dto cBs3aHO C 3aMeyIEHHUEM
MPOIIECCOB OTIYCKA B CBETJIBIX YYaCTKaX MUKPOCTPYKTYPBHI.

Puc. 3. Muxkpoctpykrypa ctanu HY-TUF nocne 3akanku B Macie ¥ OTIycKa npu
temmeparype 500 °C B Teuenue 8 4: @ — ruiaBka Ne 1; 6 — ruraBka Ne 2

JIsl OLIEHKM CTENEHW HEOJHOPOJAHOCTH MHKPOCTPYKTYPBI ABYX IIJIABOK
ctanin HY-TUF 6pna ucnonb3oBana metoguka I'OCT P 54570, nockoiabKy oHa
MO3BOJISIET KOJIMYECTBEHHO OXapaKTepU30BaTh HAOIIOAAEMYIO TOJOCYATYIO
MHKPOCTPYKTYPY HE3ABUCHUMO OT €€ TUIA. bplI paccunTaH HHIEKC aHU30TPOIIHH
Al, paBHbIi OTHOUIEHHIO KOJMYECTBA MEPECEUEHUN MEpPIEeHIUKYISPHBIX H
napajyiebHbIX HM3MEPUTENbHBIX JIMHUA C MOJOCAMH MHUKPOCTPYKTYphl. B
pe3ynbTaTe OBUIO YCTAHOBIEHO, 4YTO nJs cranu 1miaBku Ne 1 wuHAEKC
aHU30TpONMU cocTaBisger 9 +1, a musa cramum miaBku Ne 2 — 4 +1. Takum
0o0pa3oM, MHIEKC aHU30TPOMHH MHUKPOCTPYKTYPHI JUJISl pa3HbIX IUIABOK OJIHOM
CTaJIi OTIIMYaeTcs Oojiee yeM B JiBa pasa.

Paznuynast cremneHb  CTPYKTYpHOM  HEOJHOPOAHOCTH  OOBICHSETCS
IPUMEHEHUEM JUIMTEIIBHONO TOMOT€HHM3UPYIOIIETO OTKHUra CIUTKOB IpHU
pOM3BOJICTBE cTaiu maBku Ne 2. HenpepbiBHO uTas 3arotoBka (raBka Ne 1)
IIOABEPrajlach JIMIIb HENPOJOJDKUTENBHOM BBIAEPKKE TIPU  TEMIIEpaType
rOMOTE€HHM3UpYIolero oTxkura (3 4) nepen nmpokatkoil. To ecTh B ciiyuae, Korjaa
MIPUMEHEHHUE JUIUTEIBHOTO TOMOT€HU3UPYIOLIETO OT/KUIa HE OCYLIECTBUMO MPH
MOTOYHOM OpraHu3aliuyi MPOU3BOJICTBA, CIIEAYET UCIOJIb30BaTh MHBIE CIOCOOBI
YCTPaHEHHUsI XUMUYECKOW HEOJHOPOJHOCTH HAa CTAaAUU KPUCTAIUIN3ALWNA CTAJIH:
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MarHuTHOE TNE€peMEIIMBaHUE paciulaBa B KPUCTAUIU3ATOpE, PEryIupOBaHHE
TEMIIepaTypbl B KpUCTAJUIA3ATOPE U T. 11. [5].

Paboma evinonnena npu ¢unancosoit. noodepoxcke NOCMAHOGIEHUS
Ne 211 lIpasumenvcmea Poccutickou Deodepayuu, KOHMpPaKm
Ne 02.403.21.0006, 6 pamkax eocyoapcmeeHHo20 3a0aHus Munucmepcmea
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I'panma Ilpe3udenma P® 0ns Mon00wix yuenvlx — Kanouoamos nayk MK-
7929.2016.8.

JIUTEPATYPA

1. Experience in Improving Silicon Steel Component Heat Treatment Quality /

M. A. Ryzhkov, M. V. Maisuradze, Yu. V. Yudin [et al.] / Metallurgist. 2015.

V. 59. Ne 5. P. 401-405.

Bain E. C., Paxton H. W. Alloying elements in steel // ASM, 1961. P. 254.

3. Effect of transverse static magnetic field on microstructure and properties of
GCrl5 bearing steel in electroslag continuous casting process / Y. Zhong,
L. Qiang, Y. Fang [et al.] // Materials Science and Engineering A. 2016.
V. 660. P. 118-126.

4. Bastien P. G. The mechanism of formation of banded structures // Journal of
Iron and Steel Institute. 1957. V. 187. P. 281-291.

5. Microstructure and distribution of chemical elements in continuous-cast pipe
blank / D. A. Silin, I. N. Veselov, S. Yu. Zhukova [et al.] // Steel in Translation.
2006. V. 36. Ne 4. P. 86-90.

6. Detailed characterization of complex banding in air-cooled bainitic steels /
L. Morales-Rivas, H. Roelofs, S. Hasler [et al.] / Journal of Minerals and
Metallurgy B. 2015. V. 51. Ne 1. P. 25-32.

7. Ryzhkov M. A., Popov A. A. Methodological aspects of plotting of
thermokinetic diagrams of transformation of supercooled austenite in low-alloy
steels // Metal Science and Heat Treatment. 2011. V. 52. P. 612-616.

no

121



