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MEXAHI3M NEPJIITHOIO IEPETBOPEHHS Y BYTJIEIIEBIN CTAJII

Onucano OuciokayitiHuil Mexamizm NeprimHo20 nepemeopenHs y eyeneyesii cmani. [ enesuc
NAACMUHYAMO20  NepAimy  GU3HAYAEMbCS  NIOCKONONICOHAbHUMY — CMIHKaMU 3 Oucioxkayit, —sKi
VMBOPIOMbC 3a MEPMONIACMUYHOL dedhopmayii, 3YMOGIEHOI NPOYeCcoOM OXONO0INCEHHS AYCMeHImY.
Hoxkazano, wo Kpucmanizayis NIAGCMUHYATNO20 Neprimy 6i00y8acmbcs, y nepuy uepzy, 3d pPaxyHOK
N03008ICHLO20 3POCMAHHA NAACMUHYAMUX 3APOOKi6 yemewmumy, a 6 Opyey uepey, — 3a PAaxyHOK
nonepeunoi Kpucmanizayii niacmun yemeHmumy i pepumy, AKa, UMOGIPHO, NPOMIKAE 34 MEXAHIZMOM
PO30iNbHOI Kpucmanizayii naacmun yemeHmumy i ghepumy 3a paxyHox nepeHecenHs gyaieyto 6i0 aycmeHimy
00 YeMeHmMUmy yepes Qepumni nIACTMUHY 8 MEeHCAX MINCNIACMUHOYHOI 8I0CMAaHI.

Knrouoei cnosa: nepiimne nepemgopenns, OUCIOKAYIHUL MeXAHI3M, 8yeleyesd CIalb.

Icaye Garato Teopiii yrBopeHHs nepiity [1]. Cuing 3a3HaunTH, IO TEPEBAXKHO 111 TEOPii MICTATH
¢b13uKO-MaTEeMaTHYH1 MOJIEIII MTPOIIECIB MEPIITOBOTO MEPETBOPEHHS ayCTEHITY B CTAJII.

HeoOximHo migKpecnuTH, mo nepiiT € 6ikpuctanom [1], mo ckiaamaeTbes 3 KpucTaliB Gepury 1
IIEMEHTUTY, MPOTE MEXaHi3M YTBOPEHHS IUIACTUHYACTOTO TIEPIJIITy BUBYCHUH Ha CHOTOJHI
HEIOCTaTHBO MOBHO.

Bimomuii mucnokartiiiHoi MexaHi3M yTBopeHHs miepmity [2, 3]. Ilmacturyacta mopdosoris
IIEMEHTUTY 1 (QepuTy B TEPJITI 3yMOBJICHAa TaKUMU OCOOJIMBOCTSIMH MEXaHI3MY TEPETBOPEHHS:
TEPMOTUTACTUYHOIO JIeOPMAIII€I0 MEPEOXOJIOHKEHOTO ayCTeHITY, 3YMOBJICHOIO IPOIIECOM HOTO
OXOJIOJDKEHHS, 1 YTBOPEHHSM TIOJIITOHI30BaHOI CTPYKTYPHU Y BUIJISAl TUIOCKUX JHCIOKAIIMHUX
CTIHOK, TEPICHIUKYSIPHUX IUIOIIMHAM JIETKOTO KOB3aHHS; PETYSIPHUM  PO3TallyBaHHSIM
(BiICTAaHHIO) B QYCTEHITI IUIOCKUX TUCIOKAIIMHUX CTIHOK, SIKE BHU3HAYAETHCS TEPMOIMHAMIKOIO
mporecy 1 THUM MEHINEe, YUM OUIbIIe IEePEeOXOJIODKEHHS AayCTEHITY; MPYKHOIO B3a€EMOJIIEI0
JUCIIOKAIlIN, 10 CTAHOBJIATH IJIOCKI CTIHKH, 3 aTOMaMH BYTJICIIO 1 YTBOPEHHSIM YHACIIJIOK IILOTO
TUTOCKUX 33apPOJIKiB IIEMECHTUTY.

3rimHo 3 [4] 3aMeXHICTh MIXKIUIACTHHOYHOI BIJICTaHI B TEPIITI BiJl CTYNEHS MEPEOXOIOIKEHHS
MITOPSIIKOBYETHCS MapaboIiuHOMY 3aKOHY, 3T1IHO 3 SKUM HaWO1IbII 3HAYEHHS MIKIUIACTUHOYHOT
BIJICTaHI B TEpJIITI BIAMOBIJAIOTh MaJIUM IEPEOXOJO/DKEHHSAM, a HAWMEHII — BEJIUKUM
MEePEOXOJIO/HKEHHSAM, TOOTO IIBHUIKICTh 3MIHM MDKIUIACTHHOYHOI BIACTaHI 3MEHIIYETHCS 31
30UTBIIEHHSM TEPEOXOJOKCHHS. [3 TMIIBHUINEHHSIM IIBHAKOCTI OXOJIOPKCHHS AayCTEHITYy 3a
TEeMITepaTyp HIKYUX A] MDKIUIACTUHOYHA BIJICTaHb Y MEPIITI 3MEHIIYEThCs. [le MOXHA MOSICHUTH
MEHIITUM PO3BUTKOM TPOIECIB aHITIAIIT AUCIOKAIH 31 3pOCTaHHSIM MIBUIKOCTI TEPMOIIJIACTUIHOT
nedopmartii, 3yMOBJICHOI IIBUIKICTIO OXOJIO/pKeHHS [5]. Ilpw 1bOMy JIOTIYHO MPUITYCTHUTH, IO
MDKIIJITACTUHOYHY BIJICTaHh Y TIEPJITI BH3HAYaIOTh BIJCTAHHIO MDK TUIOCKOIIOTITOHATLHUMH
CTIHKaMH B ayCTEHITi, CPOPMOBaHUMH TI€pe]] IEPETBOPEHHSIM HOTO B MEPJIIT.

[TinTBEpHKEHHSM TUCIOKALIHOTO MEXaH13My TIEPJIITHOTO TIEPETBOPEHHS B cTalll Y8A € Te, 1m0
B MPOIECI TepMOIUIaCTUYHOI Aedopmariii, 3ymoBieHoi oxosomkeHHsM Big 950 °C mo 670 °C 3
cepennporo mBUAKICTIO 40 °C/ro, a MOTIM 13 MIYYI0, AyCTEHIT Ma€ Pi3HY CTPYKTYPY 3aJI€KHO Bij
MacHUBHOCTI (pO3MipiB) CYMDKHUX 3pasKiB, BimiOpanux Big kBajapara 10x10 mm: y mMacuBHOMY
(7...8 MM) 3pa3Ky — Maja KUIBKICTh CTPYKTYPHO BLIBHOTO (eputry 1 mepiity, a B TOHKOMY
(0,4...0,5 MmM) — cymibHa IEeMEHTHTHaA ciTka 1 mepiit [6]. lle moscHIOITH TUM, IO B TOHKHX
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3pa3kax MOJIETHIEHO BUTOK JE(PEKTiB KPUCTAIIYHOI PEUITKH Ha IXHIO MOBEPXHIO, OTXKE, MEHIIY
KUIBKICTh BYIJVICLIO TOB'S3aHO 3 jAedexkramu 1 Oiinblia HOro KijdbKiCTh (MOPIBHSHO 3 MAacHBHUM
3pa3koM) miepe0yBae y TBEpAOMY pPO3UWHI, CIPHUSIOUN TEPECUYCHHIO ayCTEHITy (MOPIBHSHO 3
MaCHBHUM 3pa3KOM) BYTJIEIIEM 1 YTBOPEHHIO LIEMEHTUTHOI CITKU 1O MeKaX MEPIITHUX KOJOHIH.

3rigno 3 [7], ogHOpPiIHUI (TOMOTEHHMI) ayCTEHIT 3aBXKIU NEPETBOPIOETHCSA B IUIACTHHYATHUN
HEpJiT, @ HEOIHOPIAHUN ayCTEHIT MPH BCIX CTYMEHAX MEPEOXOIOKEHHS — Y 3epHUCTUIN TEepITiT.

HaykoBo-TexHOIOTi4HI pO3pOOKH 31 HIBUIKICHOTO €JIEKTPOIIaTeHTYBaHHS BYIJIeLIeBUX cTaiei [8§,
9] TakoXX MOXHa TpaKTyBaTH 13 3aJy4eHHAM JHMCIOKALIMHOTO MEXaHi3My IEpIIiTHOrO
neperBopeHHs. L{i po3poOKu MONATAIOTh Yy TAaKOMY: TOMOTEHHUH ayCTEHIT NOEBTEKTOIMHOI CTali
HEOOXITHO TepeoxonoauTu 0e3 ioro posmamy no iHtepBany Temmepatyp 300...600 °C. Ilicns
NEPEOXO0JIOHKEHHS O/IHY YaCTHHY 3pa3KiB OXOJIO/DKYBAJIM Ha MOBITP1 MPOTATOM Yacy, HEOOXiTHOTO
JUIS 3aBEpIIEHHS pPO3Maay ayCTEHITy, a MOTIM y BOAI; iHIIYy YacTUHY IWIClis NMEBHOI May3u 3a
TEMIEPATypu TMEPEOXOTIOKSHHS TiAIaBadi IIBUAKICHOMY €leKTpoHarpiBy. bymo moka3zaHo, 1o
AyCTEHIT OJHOT YaCTUHU 3pa3KiB PO3MaJaBcs 3a KIHETUKOIO, OJIM3BKOIO BIAMOBITHIN 130TEpMIiuHIN
Jiarpami, a iHIIOT YacTUHY — B iHTepBaii Temneparyp ~ 500...670 °C, npu 4omy 4ac mepeTBOPEHHS
AyCTEHITY B MEPJIT y IPYroMy BHIIAJIKy CTAaHOBUB 1...2 c. MiKpOCTpYKTypa eleKTpOIaTeHTOBaHO1
ctaini 60 mpencrasiena Ha puc. 1 [8].

Puc. 1. MikpocTpykTypa enexTpomnateHToBanoi craii, x30000

3 ypaxyBaHHSM OTPHUMaHUX JIaHUX 3alpONOHOBAHWUN HAMU MEXaHI3M KpHCTali3aIii
MJIACTUHYATOTO TEPJITY MOIIIBHO PO3TJISHYTH ITCIS BHUKJIQAYy 3aKOHOMIPHOCTEH TOMOTEHHOTO
po3Majy ayCTeHITY Ha 36pHUCTHH MEPIIiT.

3rimo 3 [10], y 3epHUCTHH NEpaiT TOMOTEHHHMH ayCTEHIT NEPETBOPIOETHCS JIUIIE IICIs
tepmorukiiuyHoi 06podku (TLIO) B iHTEepBani Temmneparyp, oomMexkeHnx Aj 1 My, 1 i30TepMiuHOT
BUTPUMKH 33 BEPXHBOI TeMIlepaTypu nukity. Y po6orti [11] Oymo mokaszaHo, o CTpyKTypa craii Y8
MICsT OJTHOTO TEPMOIMKITY TOMOTEHHOTO ayCTEHITy B 130TepMiuHUX cepemnoBuinax (Bim 300 mo
700 °C), momampmriii BuTpumill mpotsrom 10 1 20 ¢ 1 3arapTyBaHHs y BOJAI Ma€ BHIJIA,
MpEJCTaBICHUH Ha puC. 2.
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Puc. 2. MikpocTpyKTypa BUCOKOBYTIICLeBOi cTaii micist miactyxyBaHas 10 300 °C Tta BimirpiBy 3 HoJaibIIo0
BuTpuMKoIO mpoTsirom 10 (a, 6) Ta 20 (B, ) cekynn 3a 700 °C Ta 3arapTyBaHHS B BOAY: O, T — MIKPOCTPYKTYPH IUISHOK
A ta b BigmoBizHO

Sk BUITHO 3 pHUC. 2, MIKPOCTPYKTYpa CTajl CKJIaJa€ThCs 31 CBITIUX IUISHOK, IO MPEICTaBISAIOTh
c00010 OE3CTPYKTYPHUI MAapTEHCHUT, 1 TEMHUX JISTHOK — IPIOHOAUCIIEPCHOTO 3€PHUCTOTO TIEPIIITY.
VY pobori [11] orpuMaHHs Takoi MIKPOCTPYKTYPH MOSICHIOIOTH THM, IO YTBOPEHHS 3E€PHUCTOTO
MepJITy BiOyBaeThcs OE3MOCEPEAHBO IMiJI Yac Po3Magy TOMOTEHHOTO ayCTEHITY, a He MIITXOM
YTBOPEHHS IUIACTUHYACTOTO MEPIIITY ¥ MOJANBINOI Horo TpaHchopmarlii B 36pHUCTHI TEPIIIT.

Opnnak motim Oyno BctaHoBieHo [10], mo mopdororist mepmiTy (IacTuHYaTa abo 3epHHCTA)
3aJeKUTh BIJ TPHUBAJIOCTI BUTPUMKH 32 BEPXHbOI TEMIIEpaTypd LHUKIY MOMEPEAHbO
MEPEOXO0JI0HKEHOT0 A0 HUKHBOI TEMIIEpaTypH UKy ayCTEHITY BYIJIELEBO1 CTaJl.

Ile#i HaykoBUid (paKT MOXHA TOSICHUTH TaK: 3a Mayioi TpuBajocTi BuTpuMku (3 ¢) 3a 700 °C
MOTIEPETHBO TIEPEOXOJIOKEHOTO ayCTEHITY cTalli Y8A ¥ mojaiabIoMy OXOJIOIKEHHI Ha MOBITPI
YTBOPIOETHCS TUIACTUHYATHUN TIEPIIT, a 32 BUTpUMKHU 10 ¢ mounHaeTbes chepoiausallisi CTPyKTYpH,
sKa TIOBHICTIO 3aBepmryeThbes 3a BUTpUMKH 140 c. Jloriuno mpumyctutH, mo B npoueci TIHO Ha
MJIOCKUX JTUCTOKAIIMHUX CTIHKaX CIOYAaTKy YTBOPIOIOTHCS TUIACTMHYATI 3apOJKH IIEMEHTHUTY, SIKi
chepoian3yroThCs  3aBASKM BUHHKHEHHIO B Tmporeci mnoBHoro mukiay TIIO komipuacTtoi
JUCIIOKAIIAHOT CyOCTPYKTYPH.

Otxe, 3amponOHOBAaHWUN HaMH MEXaHI3M KpHUCTaTi3amii IJIaCTUHYATOrO TEPIITY MOKHA
BUKJIACTH TaK.

1. V nporueci TepMoriacTu4HOi nedopmartii, 1o BUHUKAE i 9ac OXOJOKEHHSI TOMOTEHHOTO
ayCTEHITY, YTBOPIOIOTHCS TUIOCKOIIOIITOHAIBHI JTUCIOKAIIWHI CTIHKH, SIK1 B3a€EMOIIOTh 3 aTOMaMH
Byrieno y-hazu 1 3a TeMIepaTypu, HUXK4YOl 3a Aj, CTalOTh LEHTPaMHM 3apOJKEHHS IUIACTHUH
LEMEHTHUTY.

2. Y nmepury uepry, KpucCTajizamis IUIACTHHYATOTO TIEPNITY BiAOYBa€ThCA 3a pPaxyHOK
MO370BKHBOTO POCTY IUIACTUHYATUX 3apOAKIB LIEMEHTHUTY, a MOTIM — 3a PAaxyHOK MONEpevHOi
KpHUCTai3allii, IUIAaCTHH [IEMEHTHUTY, 110 BUHUKJIIH, 1 GEepUTy B MEKaxX MIKIUTACTHHYATOI BiJICTaHI.

[Tonepeuna kpucTamsaiis IUTACTHH IEMEHTUTY 1 Qepury moB'sizaHa 3 auQy31idHAM
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NEPEHECEHHSAM BYTJICLIO BiJ ayCTEHITY 1O IIEMEHTHUTY 4epe3 ¢epuTHHil map (ruactunu). [lpu
IIbOMY 3a MPaKTHYHO OJHAKOBUX Temreparyp KoediumieHT nu¢ysii Byrieuto y ¢epuri Ha 1Ba
nopsiAKu Buie, HiX B aycteHiti [12]. Ilo wmipi audysii Byraeumto y ¢deputi Bif aycTeHITYy 10
[IEMEHTUTHUX IUJIACTUH BiNOYBA€TbCs TMOTOBIICHHS IUIACTUH LEMEHTUTY ¢  TOJaiblie
nepenakyBaHHs Y — o pemiTkd. OTxe, MEpiiTHE MEepPEeTBOPEHHS ayCTEeHITy BiAOyBaeThCsS 3a
MEXaHi13MOM PO3ALIBHOT KpUCTalTi3alii IIIACTHH IIEMEHTUTY 1 deputy [13].

3a Temmeparypu MiHIManbHOI cTifikocTi mepeoxonokeHoro aycreity (500...530 °C)
MaKCHUMaJibHa IIBUIKICTh MEPETBOPEHHS WOTO B IUIACTHHYACTUN MEPJIT 3yMOBIIEHA MiHIMaJIbHOIO
BIJICTAHHIO MK IJIACTUHYATUMH 3apOJKaMHU LIEMEHTUTY, YHACIIJIOK YOr0 iCTOTHO CKOPOYYIOThCS
HUIIXy AUQy3ii ByTrIIeIo Mijl 4ac 3alporoHOBAHOTO0 MEXaHi3My HOT0 IepeTBOPEHHS.

Bucuosxu

1. TeHe3wc IMIACTUHYATOTO TMEPIITY BU3HAYAETHCS IUIOCKOMOJMITOHAILHUMH CTIHKaMHU 3
JUCIIOKAIlIN, SIKI YTBOPIOIOTBCS I Yac TEPMOIIACTUYHOI Aedopmallii, 3yMOBICHOI MPOIECOM
OXOJIOJKEHHS ayCTEHITY.

2. 3a TemmepaTypH ayCTEeHITY HMXKYOI 32 TOUKY A| TUIOCKOIIOMITOHAIbHI JUCIOKAIINHI CTIHKA
CTalOTh EHTPAMH 3apOUKCHHS [IEMEHTUTHHUX TUIACTHH.

3. MixmiacTHHOYHA BIJICTAaHb Y MEPJITI BU3HAYAETHCS BIACTAHHIO MK IJIOCKOMOJIITOHATBHUMU
CTIHKaMH B ayCTEHITi, CPOPMOBAHUMH T€pe]] IEPETBOPEHHSIM HOTO HA MEPIIT.

4. Kpucramnizarisi TuTaCTHHYATOTO MEPIITY BIIOYBAETHCS, Y MEPIITY YEPTy, 32 paXyHOK TOPIIEBOTO
(TTO370BXKHBOTO) 3POCTAHHS TUTACTHHYACTHUX 3aPOJIKiB IIEMEHTHUTY, a B IPYTy Yepry, — 3a paxyHOK
MOTIEPEYHO1 KpUCTaIi3allii TUIACTUH IEMEHTHUTY 1 GepuTy, sSKa, IMOBIPHO, MPOTIKAE 32 MEXaHI3MOM
PO3IITBEHOT KpHCTaJTi3allli IMJIACTHH IIEMEHTHUTY 1 (pepuTy 3a paxyHOK IEpPEHECEHHS BYIJICIIO BiJl
ayCTEHITY JI0 IIEMEHTHUTY uepe3 (DepuTHI IIIACTHHU B MEKaxX MIKIIJIACTHHOYHOI BiJICTaHI.

5. 3a Temmeparypu MiHIMAJIBbHOI CTiHKOCTI mepeoxosomkeHoro aycteHity (500...530 °C)
MaKCUMaJibHa MIBUIKICTh MEPETBOPECHHS WOTO HAa IUIACTUHYATHHN TMEPIIT 3yMOBJICHA MiHIMAJIBHOIO
BIJICTAHHIO MK IJTACTUHYATUMHU 3apOJKaMHU IIEMEHTHUTY, YHACIIOK YOr0 ICTOTHO CKOPOUYIOTHCS
nuIsIXu audy3ii Byryero mij] 9ac 3aporoHOBaHOTO MEeXaH13My HOTO TIEpEeTBOPEHHSI.
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RESEARCH RESULTS APPLICATION

E. V. Parusov, Cand. Sc. (Eng.); V. V. Parusov, Dc. Sc. (Eng.), Prof.; L. V. Sahura,
Cand. Sc. (Eng.); I. M. Chuiko, Cand. Sc. (Eng.)

THE MECHANISM OF PEARLITIC TRANSFORMATION IN CARBON
STEEL

The paper describes the dislocation mechanism of pearlitic transformation in carbon steel. Genesis of
lamellar pearlite is determined by flat-polygonal walls from dislocations, which are formed during
thermoplastic deformation caused by austenite cooling process. Lamellar pearlite crystallization is shown
to occur primarily due to the end (longitudinal) growth of lamellar cementite nuclei and secondarily — due
to transverse crystallization of cementite and ferrite lamellae, which apparently occurs by the mechanism of
separate crystallization of the cementite and ferrite lamellae through carbon transfer from austenite to
cementite via ferrite lamellae within the interlamellar distance.

Keywords: pearlitic transformation, dislocation mechanism, carbon steel.

There exist many theories of pearlite formation [1]. It should be noted that these theories include,
mainly, physical-mechanical models of the processes of austenite pearlitic transformation into steel.

It should be emphasized that pearlite is a bicrystal [1], consisting from ferrite and cementite
crystals. At present, however, the mechanism of lamellar pearlite formation has not been sufficiently
studied. Dislocation mechanism of pearlite formation is known [2, 3]. Lamellar morphology of
cementite and ferrite in pearlite is determined by the following special features of the transformation
mechanism: by thermoplastic deformation of overcooled austenite, caused by the cooling process,
and formation of a polygonized structure in the form of flat dislocation walls, perpendicular to the
planes of easy slip; regular arrangement (distance) of flat dislocation walls in austenite, determined
by thermodynamics of the process, which is the smaller, the more overcooled austenite is; elastic
interaction of dislocations, forming flat walls, with the atoms of carbon, which results in the
formation of flat cementite nuclei.

According to [4], dependence of interlamellar distance in pearlite on overcooling degree obeys
the parabolic law, in accordance with which the biggest values of interlamellar distance in pearlite
correspond to small overcooling degree while the lowest values correspond to greater overcooling,
i.e. interlamellar distance change rate decreases with increased overcooling. With increased
austenite cooling rate at temperature A, interlamellar distance in pearlite decreases. This could be
explained by less intensive development of dislocation annihilation processes with growing
thermoplastic deformation rate, determined by the cooling rate [5]. It would be logical to assume
that interlamellar distance in pearlite is determined by the distance between flat-polygonal walls in
austenite, which were formed prior to its transformation into pearlite.

Dislocation mechanism of pearlite transformation in steel Y8A is confirmed by the fact that in
the process of thermoplastic deformation, caused by cooling from 950 °C to 670 °C with average
rate of 40 ° C / hour and then with a furnace, austenite has different structure depending on the size
of adjacent samples, taken off from the square 10x10 mm: in a massive sample (7...8 mm) there is a
small amount of structurally free ferrite and pearlite while in a thin sample there is a continuous
cementite network and pearlite [6]. This is explained by the fact that in thin samples there is an
easier drain of the crystal lattice to the surface and, consequently, smaller amount of carbon is
associated with defects and greater amount of it (as compared with a massive sample) is in a solid
solution, facilitating austenite oversaturation with carbon and cementite network formation along
the boundaries of pearlite colonies.

According to [7], homogeneous austenite is always transformed into lamellar pearlite while
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inhomogeneous austenite is transformed into granular pearlite for all overcooling degrees.

Scientific-engineering developments on high-speed electro-patenting (HSEP) of carbon steels [8,
9] could also be interpreted with the application of dislocation mechanism of pearlitic
transformation as follows: homogeneous austenite of hypoeutectoid steel should be cooled to the
temperature in the range of 300 — 600 °C without its decomposition. After overcooling a part of
samples was cooled in the air during the period, necessary for the complete austenite
decomposition, and then — in water; the other part, after a certain pause, was subjected to high-speed
electric heating at the overcooling temperature. Austenite of the first part of samples was shown to
decompose with the kinetics, which is close to the corresponding isothermal diagram, and austenite
in the samples of the second part — at the temperature in the range of 500 - 670 °C, the time of
austenite transformation into pearlite in the second case being 1 — 2 s. Microstructure of the electro-
patented steel 60 is presented in Fig. 1 [8].

Fig. 1. Microstructure of the electro-patented steel, x30000

Taking the obtained data into account, the proposed mechanism of lamellar pearlite
crystallization would be expedient to be considered after description of the regularities of
homogeneous austenite decomposition into granular pearlite.

According to [10], homogeneous austenite is transformed into granular pearlite only after
thermocyclic treatment (TCT) at the temperature in the range, limited by A; and M;, and isothermal
exposure at the upper level of the cycle temperature.

In [11] it is shown that after one thermal cycle of homogeneous austenite in isothermal
environments (from 300 to 700 °C), followed by exposure within 10 and 20 s and water hardening,
the structure of steel Y8 has the form shown in Fig. 2.
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Fig. 2. Microstructure of high-carbon steel after cooling to 300 °C and heating up, followed by exposure within 10 (a,
b) and 20 (c, d) seconds at 700 °C and water hardening; b, d — microstructures of areas A and B respectively

As it is evident from this figure, steel microstructure consists from light areas of strutureless
martensite and dark areas of finely dispersed granular pearlite. In [11] obtaining of such
microstructure is explained by the fact that granular pearlite formation occurs directly after
homogeneous austenite decomposition and not due to the lamellar pearlite formation followed by its
transformation into granular pearlite.

It was discovered later, however, that pearlite morphology (lamellar or granular) depends on the
duration of carbon steel austenite exposure at the upper level of the cycle temperature after its
preliminary overcooling to the lower level of the cycle temperature.

This scientific fact could be explained as follows. For short duration of exposure (3 s at 700 °C)
of the preliminary overcooled austenite of steel Y8A, followed by its cooling in the air, lamellar
pearlite is formed (Fig. 2, a), while after exposure within 10 s spheroidization of the structure
begins, which is fully completed after exposure within 140 s. Under this logic it could be supposed
that in the process of TCT lamellar cementite nuclei are formed, which are later spheroidized due to
formation of cellular dislocation substructure in the process of full TCT cycle.

Thus, the proposed mechanism of lamellar pearlite crystallization process can be described in the
following way:

1. In the process of thermoplastic deformation, caused by cooling of homogeneous austenite, flat-
polygonal dislocation walls are formed, which interact with the atoms of carbon in y-phase and at
the temperature below A; become the centers of cementite lamellae nucleation.

2. Lamellar pearlite crystallization occurs primarily due to longitudinal growth of lamellar nuclei
of cementite and then — due to transverse crystallization of the cementite and ferrite lamellae, which
were formed within interlamellar distance.

Transverse crystallization of the lamellae of cementite and ferrite is associated with diffusion
transfer of carbon from austenite to cementite via the ferrite layer (lamellae). It should be noted that
at practically equal temperatures diffusion coefficient of carbon in ferrite is by two orders of
magnitude higher than that in austenite [12]. In the process of carbon diffusion in ferrite from
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austenite to cementite lamellae thickening of cementite lamellae is observed, followed by repacking
of y — a lattice. Therefore, pearlite transformation of austenite occurs according to the mechanism
of separate crystallization of cementite and ferrite lamellae [13].

At the temperature of minimum stability of overcooled austenite (500...530 °C) maximal rate of
its transformation into a lamellar pearlite is determined by minimal distance between lamellar
cementite nuclei, which results in significant reduction of carbon diffusion paths if the proposed
mechanism of its transformation is realized.

Conclusions

Genesis of lamellar pearlite is determined by flat-polygonal walls from dislocations, which are
formed during thermoplastic deformation caused by austenite cooling process.

At the austenite temperature below point A, flat polygonal dislocation walls become the centers
of cementite lamellae nucleation.

Interlamellar distance in pearlite is determined by the distance between flat-polygonal walls in
austenite, formed prior to its transformation into pearlite.

Lamella pearlite crystallization occurs, primarily, due to the end (longitudinal) growth of
lamellar nuclei of cementite and, secondarily, due to transverse crystallization of the lamellae of
cementite and ferrite, which, most probably, occurs by the mechanism of separate crystallization of
the lamellae of cementite and ferrite through carbon transfer from austenite to cementite via ferrite
lamellae within the interlamellar distance.

At the temperature of minimum stability of overcooled austenite (500...530 °C) maximal rate of
its transformation into a lamellar pearlite is determined by minimal distance between lamellar
cementite nuclei, which results in significant reduction of carbon diffusion paths, if the proposed
mechanism of its transformation is realized.

REFERENCES

1. CuactnuBues B. M. Ilepnut B yrnepoauctsix cranax / [B. M. Cuactnusues, JI. A. Mup3saes, U. JI. fIxosnesa u
ap.]. — Ekatepunoypr. : YpO PAH, 2006. — 311 c.

2. Ilapycos B. B. Mopdosoruyeckne 0COOEHHOCTH NEpiaUTa NPH INPEBPALICHUSX T'OMOICHHOI'O aycTeHWTra /
B. B. [lapycos // C6. ®yHnameHTanbHble W INPHUKIagHbIE NPOOJIEMBI YEpHON MeTautypruu. — JlHempomeTpoBck:
Busuon. — 1998. — Bein. 2. — C. 355 — 364.

3. I'ybenko C. U. ledopmarus metannmdeckux matepuanos / C. U. I'ybenko, B. B. Ilapycos. — [lHenpomneTpoBck:
Apt-mipecc, 2006. — 316 c.

4. Tlapycos O. B. BnusHue pexXMMOB OXJaXXKAEHUS Ha MpeBpalleHus aycTeHuta B mepyiuT / 3. B. Ilapycos,
B. B. ITapycos, JI. B. Carypa, A. 1. CuBak // CTpouTenbpcTBO, MaTepHaioBeleHue, MaHocTpoeHue: CO. Hay4H. Tp. —
2011. — Bpm. 58. — C. 527 — 531.

5. ITapyco B. B. BnusHue ckopoCTH IOCTMXKEHHs TeMIeEpaTyp HU30TEpMHUECKOrO MPEBpAILEHHs ayCTEHHTa Ha
JUCIIEPCHOCTh MepauTa B yriaepozacoaepxamux cramax / B. B. Ilapycos, B. A. Onmneitnuk, XK. A. bopucosa, T
B. T'anenko // C6. IlpousBoacTBO M cBoOiicTBa TepMuueckd oOpaboraHHOro mnpokara: Metamwryprus. — 1988. —
C.39-41.

6. ITapycoB B. B. Pa3Burue TeopeTHueckux npeacTaBiIeHUl 0 nepauTHOM npeBpartienun B ctaau / B. B. Ilapycos,
3. B. IMapycos, O. B. Ilapycos, JI. B. Carypa, U. H. Uyiixo, A. . CuBak // dyHnaMeHTanbHbIE U MPUKIIAHbIE
npo6iieMbl YepHO# Metaiutypru : Co. HayuH. Tp. — 2013. — Beim. 27. — C. 200 — 204.

7. T'ynses A. I1. Merannosenenue / A. II. I'ynsie. — M. : Metammyprus, 1986. — 542 c.

8. I'puane B. H. DneKTpOHHOMUKPOCKOIHMYECKOE HCCIIEOBAHUE CTPYKTYPHl 3JEKTPOOTIYIIEHHOW cTaiu /
B. H. I'punnes, 0. H. ITerpos // Bonpocs! ¢pusnky MeTamioB u MetajuioBenenus. — 1964. — Ne 19. — C. 79 — 86.

9. I'punues B. H. IlepcriekTHBBI NPHUMEHEHHS CKOPOCTHOHM 3JIEKTPOTEPMHUYECKOH 00pabOTKM B IPOW3BOJCTBE
ctanbHbIX kaHatoB / B. H. I'puanes, 0. . Memxkos, H. ®. Uepuenko, JI. . Hukonenko // Ctanbubie kaHatel. — 1971.
—Ne 8. - C. 292 - 300.

10. ITapycos B. B. PazpaboTka BEICOKOA()(PEKTHBHBIX IIPOLIECCOB TEPMUUECKOI 00pabOTKHM MEIKOCOPTHOI'O ITpoKaTa
U KaTaHKY U UX OPOMBIIIJIEHHOE OCBOEHHE: AUC. ...JO0KTopa Tex. Hayk : 05.16.01 / ITapycos Bnagumup BacunbeBuu. —
., 1989. -413 c.

11. Jomxkenkos W. 1. VccnenoBanne MexaHu3Ma M KMHETUKH OOpa30BaHUs CTPYKTYPBI 36pHHCTOTO IMEpJNTa MpU
Hayxkogi npaui BHTY, 2015, Ne 2 4



RESEARCH RESULTS APPLICATION

TepMHUUECKOH 00paboTKe KaTaHKH W TPOBOJOKH: IHUC. ...KaHmuaara Tex. Hayk : 05.16.01 / omxenkoB Hropn
WBanoBny. — JlnenponeTtposck, 1986. —122 c.

12. bokmreita b. C. Iuddy3us B meramwiax / b. C. bokmreitn. — M. : Metamnyprus, 1978. — 248 c.

13. Bynun K. I1. O 3apoxnaennu u crpoernn nepauta / K. I1. bynun, FO. K. bynnna, B. 1. Mazyp // MuTOM. —
1971. - Ne 10. - C. 6 - 7.

Parusov Eduard — Cand. Sc. (Eng.), senior research worker of the Department of Thermal Treatment of
Metals for Mechanical Engineering, +380 56 776 82 28, tometal @ukr.net.

Parusov Viadimir — Dc. Sc. (Eng.), Prof., Head of the Department of Thermal Treatment of Metals for
Mechanical Engineering, +380 56 776 82 28, alyance2000@ukr.net.

Sahura Liudmila — Cand. Sc. (Eng.), senior research worker of the Department of Thermal Treatment of
Metals for Mechanical Engineering, +380 56 776 82 28, 095 5917750, slv_metal @mail.ru.

Chuiko Igor — Cand. Sc. (Eng.), research worker of the Department of Thermal Treatment of Metals for

Mechanical Engineering, +380 56 776 82 28, ichuyko @mail.ru.
Z. 1. Nekrasov Iron and Steel Institute of the National Academy of Sciences of Ukraine

Hayxkogi npaui BHTY, 2015, Ne 2 5



