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OCOBJHMBOCTI 3ACTOCYBAHHSI HEI3OTEPMIYHOI
BUTPUMKH Y ITPOLECI COEPOIIA3YIOYOI'O BIAIAJTY
HU3BbKOBYIJIEHEBOI CTAJII

AHoTanis. /{1 reTeporeHHUX CIUIaBiB iICTOTHY poJib B 3a0e3meueHHi HeoOXiTHOTO
KOMIUIEKCY TEXHOJOTIYHHUX BJIACTUBOCTEH Tpae CTPYKTYpHUH CTaH, B IaHOMY
BHMAKy — MOPQOIOTisS MIKPOCTPYKTYpH, IIO OTPHUMYEThCA TWICHS TEPMIiYHOT
00poOku. B pas3i BUKOpPHCTaHHSA XOJOJHOI BHCAIKH HEOOXiTHA TEXHOJIOTIYHA
TUIACTUYHICTh 3a0e3mneuyeThes cHepuIHO (TNIOOYISIPHOI) MOP(OJIOTIE0 YacTOK
HaJUTHIIKOBHX (a3. Y 3B'I3Ky 3 LM, CTaJIeBi 3arOTOBKH, MPU3HAYEH] I 3100y TTs
BUPOOIB XOJOMHOIO BHCAAKOK0, MiANAIOTH chepoinu3yrodoMy Biamady, SIKHH, B
OCHOBHOMY, 3/1IHCHIOETBCS B TIEYaxX 3 TPUBATICTIO PEXKIMY JI0 AECSTH 1 OiIbIIIe TOJHH.
Y 3B’s3Ky 3 UM omepauis chepoiqu3ydoro BiInany XapakTepu3yeThCsl 3HAUHIMU
CGHEpreTHYHUMHU BuUTparamu. Jlms iHTeHcudikamii mnpomecy chepoinmzamii
3aIPONOHOBAHO Pi3HI CXEMU MOTIEPEIHIX 00OPOOOK, SIKi TPYHTYIOThCS Ha 301IbIICHH]
JHUCIEePCHOCTI YacTOK KapOimiB 1 JNe(eKTHOCTI KPUCTANYHOI PEIIiTKH MaTpHIi
IIIIXOM 3HIKEHHS TEeMIepaTypy pO3Majay ayCTeHITy B 00JacTi €BTEKTOiJHOTrO
nepeTBopeHHs. [Ipy IbOMy TPUBATICTB MPOIIECY CKOPOUYYBaJIacs [0 AEKIIbKOX TOJHH
NOpU NPAKTHYHO HE3MIHHOMY THII pPEXHMY Bianaiay. BuBueHHs ocoGmuBocTei
inTeHcHpikanii chepoinmsyrodoro Bigmaay Ta (akTopiB, SAKi BIUIMBAIOTH Ha
MIBHUIKICTh TpOIeCY cdepoinusamii NEeMEHTHTY HHU3BKOBYTJICHEBUX CTaJleil Mae
BEJIMKE MpaKTHYHE 3Ha4YeHHS. B nmaniif poOOTI ITOCTIIHKEHO BUKOPHCTAHHS HArpiBY
00pOOIIOBATIBHOTO ~ METaly  BHYTPIIIHIM  TEIJIOHOCIEM i3  3aCTOCYBaHHSIM
HEI30TepMIUYHOI BUTPUMKH 3 IMIJBUIICHHAM TeMIlepaTypu Ta TJIHOOKHM
MEePEOX0JI0DKEHHSM Y nporieci cdepoinu3yrouoro Biinazy HU3bKOBYTIIEIEBOI CTalI,
BIUTHB NeperideHnx (GakTopiB Ha TpUBAIiCTh mpouecy chepoian3zaunii. BcraHosneHo,
110 MaKCUMaJIbHE CKOPOYEHHS TPUBAJIOCTI chepoiqu3youoro BiAnaiy 3 MONepeJHb0
MATOTOBIICHOIO BUXITHOIO CTPYKTYPOIO JOCATAETHCS 33 PaXyHOK pealti3allii pesxumy
3 MIMOOKUM TIEPEOXOJIOKEHHSIM Ta HEI30TEPMIYHOI BUTPHMKOKO (3 ITiJBHICHHSIM
temreparypu). [lpm 1pOMY HarpiBaHHA MeETaly 3AIHCHIOETbCS BHYTPIIIHIM
TETUIOHOCIEM, 1110 3abe3redye OTpUMaHHs eeKTy MPUCKOpeHHs pOopMyBaHHS HOBOTO
3epHa. CKOpOYEHHS TPUBAIOCTI MPOLECYy 3a TIIHOOKOrO IMEPEOXONIOMKEHHS Ta
HEi30TepMiuHOI0 BUTPHMKOIO JIOCATAETHCS onTHMi3arLien 3HAa4eHb
TEPMOANHAMIYHOTO Ta KIHETHYHOTO (HaKTOPiB, 110 BU3HAYAIOTD MIBUJIKICTh MPOLIECY
CTPYKTYPHUX TIEPETBOPEHD.
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Beryn

Tepmiuna o00poOKa, K CrmOCIO MiArOTOBKM METaly M0 IOJANBIIOl
XOJIOAHOI TUIACTHYHOI Jedopmarlii, peami3yeTbcs 3a TOIOMOTOI0 PIi3HHX
TEXHOJIOTIYHUX TIpo1eciB. BimoMo, 1mo cTami s X0I0AHO1 BUCA KU TOBHHHI
MaTH B BUXITHOMY CTaHi CTPYKTYpPy 3€pHUCTOTO HepIIiTy meBHOro oaiy. s
oTpuMaHHs KapOigHO1 (a3u 3 TIo0YILIPHOIO MOP(OIOTi€I0 BHKOPUCTOBYIOTh
cpepoinmzyrounii Bigman [1, 2, 3]. IcHyrOTP IBa KIaCHYHUX PEKUMHU
cepoinn3yovoro Bignaly: Biamnai 3a CyOKpUTHIHUX TEMIIepaTyp 1 Biaman 3
HEemoBHOW (ha30BOI0 MepeKkpucTaiizaiiero. HemomikoM BKazaHUX PEKUMIB
chepoinn3yodoro Biany € BeIMKa X TPUBATICTh (KUJIbKA IECATKIB FOJIHH).
Benuka TpuBaicTh Takoro pexumy TepMiuHOT OOpOOKH NHPH3BOAMTH JIO
3HAYHUX BUTPAT EHEPTOPECYPCIB.

3a3HaycHy TepMiuHy 00pOOKY 3MIHCHIOIOTh Y CaIOBHX Ie4ax (IIIaXTHOTO
a00 KOBIIAKOBOTO THITY B 3aXHCHOMY CepeIOBHIII) a00 B euax Oe3mepepBHOT
nii. [Ipore 06oM cxemaM TepMi4HOI 0OpPOOKH, MO 3IHCHIOIOTHCS B IeYaXx,
NPUTAMaHHI TPAAWIIAHI HEHNONIKM HArpiBaHHA METaly 30BHIIIHIM
terutoHocieM [5]. ToMy muTaHHS OB’ 3aHi 3 PO3POOKOI0 PEKUMIB i clIOco0iB
iHTeHCH}IKaIil chepoiau3yodoro Bimary € akTyaJIbHAMH.

Mera [gocihigKeHHSI — BHBYCHHS OCOONMBOCTEH  3acTOCYBaHHSA
HEi30TepMiYHOT BUTPHMKH 3 MiJBHLICHHSIM TEMIEpaTypH Ta TIHOOKUM
MEPEOXOJIOHKEHHSIM y nporieci chepoinu3yodoro BiJIIIaITy

HHU3BKOBYTJICIIEBOI Ta HU3BKOJIETOBAHOI CTaJIi.

MartepiaJ i MeToaMKAa TOCTiIZKEHHS

Jlist npoBeIeHHsI TOCHIDKEHb BUKOPUCTAHO 3pa3Ku KaTaHKH JiaMeTpoM
6,5 — 9,0 MM 3i ctani 20I"2P, siky B 1aHuit 4ac MIMPOKO BUKOPUCTOBYIOTh JIJIsI
OTpHUMaHHS BUCOKOMIITHUX KPIITMIBHUX BHPoOiB. TepmiuHa 00poOKa 3pa3kiB
CTaji TpoBOAWJIACH Ha JIA0OPATOpPHIM YCTaHOBLI 3 BHUKOPHCTaHHSIM
BHCOKOIIBHKICHOTO €JIEKTPOKOHTAKTHOTO HAarpiBaHHs Ta BOJOIOBITPSHOTO
OXOJIOJKEHHS METally.

JocnijkeHHsT  0COOJIMBOCTEH  CTPYKTYpPOYTBOPDEHHS  BUKOHaHI i3
3aCTOCYBaHHIM JH(EpeHLialbHO — TEepMIYHOro MeToay aHamizy [6].
JlocmimpkeHHST MIKPOCTPYKTYPH 3pasKiB TPOBOJIMIM 3 BHKOPHCTAHHSIM
orrruaHOro Mikpockomy «Neophot-21». BumiproBaHHs TBepIOCTi 3pa3KiB
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npoBoawiM 3a Imkanor Bikkepca mpuctpoem TII — 7P1, mexaniuni
BJIACTUBOCTI BHM3HAYald 3a OJHOBICHOTO PO3TATYBaHHA Ha MmammHi FU —
10000ez.

BukJiag ocHOBHOT0 MaTepiaty I10CTizKeHb

3 Bimommx cmocobiB, fKi 3a0e3MEeYyIOTh CKOPOYCHHS TPUBAJIOCTI
chepoinn3yodoro BiAmanxy, MOXHA BIJOKPEMHTH Ti, IO TOB'sA3aHi 3
eIeKTPOTEPMIUHOI OOpOOKOIO CTaJeBHX 3arOTOBOK. TakuM YHHOM,
MEePCHeKTHBHAM IIOJ0 iHTEHCH(IKaMii MpoIecy BiAmamy € 3acTOCYBaHHS
€JIeKTPOKOHTAKTHOTO a00 iIHAYKIIfHOTO HArpiBy, TOOTO HArpiBy BHYTPIIIHIM
teroHocieM. Taki criocoOu TepMiuHOT 0OPOOKH MArOTh Psiji TEXHOJIOTTUHUX
nepeBar y NOpiBHSHHI 3 KJIACHYHUMH PeXUMaMH chepoinu3yrodoro Binany
ctani [4, 5].

VY pobori [2] noka3zaHa MOXIJIUBICTh 300yTTSl 3HAUHOI iHTeHCHDiIKaIil
npouecy chepoinu3ydoro BiAnany 3a BUKOPUCTAHHSAM €JIEKTPOTEPMiYHOT
00poOKH 13 ONEPEIHBOIO IMiATOTOBKOIO 3arOTOBKH Ha OEHHITHI CTPYKTYpH.
VY 3a3HaueHiil poOOTI HaBEJCHO TEPMOIMHAMIYHE OOTPYHTYBAaHHS €(PEKTY
NPUCKOPEHHS Tpolecy cdepoian3aiii, mo mMoB's3aHe 3 OTPUMAaHHIM
BIATIOBITHOTO BUX1THOTO CTaHY, a TAKOX ITOKa3aHO «TE€XHOJIOTIIHUIT BHECOK)
eIeKTPOTepMiuHOI O0OpOOKM 10 iHTeHCHIKaIii Tmpolecy Ha OCHOBI
3aCTOCYBaHHS €(eKTy IHTEHCHBHOTO 3POCTA0uOro IPOIECY 3apOUKEHHS
HOBHX 3epeH [7]. BkazaHuil edekT peami3yeTbCs 3aBISKHA JIOKATBHOMY
MIBUILIEHHIO TEMIepaTypu B MIKpooOiacTsx Ours MikdaszHol Mexi
(deput/ueMeHTHT, TOOTO caMe TaM, Jie MBHIKICTh AU(Y3il KOMIOHEHTIB €
BUPIIIAIBHOIO JUIS PO3IIIIHYTOTO CTPYKTYPHOTO NEPETBOPEHHSI.

Ha puc. 1 HaBeneHo cxeMmy €BOJIIOLIi CKOPOYEHHS TpPUBAJIOCTI
chepoinu3yrdoro Bignany cTaji, 0 A0CITAEThCS PI3HUMHU CIIOCOOaMHU.

3 HaBe/lleHUX Ha pHC. | JaHUX BUOKPEMIIIOIOTHCS TPU OCHOBHI (hakTopw,
[I0 HAWIIOMITHINIE BIUIMBAIOTh HAa TPHUBAIICTH Mpolecy cdepoianzalii.
OcTaHHE MiATBEPIKYETHCS JAHUMHU, OTPUMAaHUMU 32 peskumamu Ne 4, Ne 5 i
Ne 6 ma posrmsayTiit cxemi. [lepmmit dakrop (pexwmm 3a Ne 4) e cyro
TEXHOJIOTIYHUM 1 TOJISra€ y Tepexo/i Bill HArpiBaHHS METaly 30BHIIIHIM
TEIUIOHOCIEM IO HarpiBaHHS BHYTPIIIHIM TETUIOHOCIEM. JIpyTHM (paKkTopoM €
MOTIepeTHS MiATOTOBKA CTPYKTYPH MHepex 3ifiCHEHHSIM c(hepoian3yodoro
BiZIIaJy, sKa peryiaMeHTy€eThCs y pi3Huii crioci6. Tpetiit pakTop nepexbadae
MPOBEIEHHS BiANaly 3 TIHOOKHM IE€PEOXOJIOHKEHHIM 1 HEi30TepMIUuHOI0
BUTPHUMKOIO 3 Mi/IBUILICHHSM TEMIIEPaTypH.

Posrmsimaroun  puc. 1 MoxkHa 3pOOMTH BHCHOBOK TIpO Te, IO
MakcuManbHU edekT iHTeHcudikamii mpouecy chepoinuzamii kapOimHOT
(a3m ocsATaEThCS caMe 3a eJIEeKTPOTEepMiuHOi 0OpOoOKM 3 BiANOBIIHOIO
HiIrOTOBKOIO BIANIOBIZIHOTO CTPYKTYPHOTO CTaHy, 110 Mepeye Bimaity.
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Pucynok 1 — Jliarpama eBOIIOIIT CKOPOUCHHST TPUBAJIOCTI c(hepoinu3y0doro

BiAmadroBaHHA CTaji. YMOBHI MO3HaYeHHS: 1 — BignamoBaHHA 3a
CyOKpUTHYHHX TEeMIlepaTyp; 2 — BiANAIIOBAaHHA 3 YaCTKOBOKIO (ha30BOIO
MepeKpucTaizamiero; 3 — BiANATIOBaHHA 3 YacTKOBOIO  (ha30BOIO

MEePEKPUCTATIZAIEI0 Ta IMIATOTOBKOIO CTPYKTYpH IUIIXOM HONEPEIHBOTO
MIPUCKOPEHOT0 OXOJIOJDKEHHS 3 ayCTeHITHOI o0nacTi; 4 — BiAmamtoBaHHS 3
BUKOPHCTAHHSIM EJIEKTPOKOHTAKTHOTO a0o0 IHAYKWIHHOTO HarpiBy; 5 — Tex
caMe + perJiaMeHTOBaHa IiJIroTOBKa CTPYKTypu (00poOka Ha (epHTHO-
OCHHITHY CTPYKTYypy); 6 — TeX came -+ BiINaTiOBaHHA 3 TJIHOOKUM
MEPEOXOJIO/UKEHHAM 1 HEI30TEePMIYHOI0 BUTPHMKOIO 3  IIIBHIICHHIM
TeMIeparypH y mpoieci chepoinmzamii

INopanbmmii aHasi3 MOKa3aB, 110 3a paHillle BUKOPHCTOBYBAHUX PEeXXUMax
cdepoinu3yovoro Bimmamy mporec cdepoinusaimii 3iHCHIOETECS ad0 TpU
130TepMIYHUX BUTPUMKAX, 200 MPH OXOJIOMKCHHI 3 HEBEJIUKOK IBUIKICTIO
HIDKYE TOYKM Aci. B Toil e vac meTanbHU pO3IJsi TEPMOIUHAMIKH
nporiecy chepoinuzanii  103BOJIIE 3pOOMTH BHCHOBOK IIPO T, IO
3aCTOCYBaHHSI PEXHMIB, Y SKUX Ipolec chepoiauzarii 3aiHCHIOETbCS TPU
HEI30TepMIiYHIi  BUTPUMII 3  MiJABUIICHHSAM  TEeMIlepaTypu  Hicis
MOMEePEeTHHOT0 TIMOOKOr0 IEePEOXOJOKEHHS, MOBHHHO MHPUBECTH JIO
JIOAAaTKOBOI Ta 1cTOTHOI iHTeHCcH(iKalii po3riIsiHyTOro mpouecy. Takuit
BUCHOBOK OyJIO EKCIIEpUMEHTAalbHO MiATBep/KeHO (puc. 2) micis
MOPIBHSUILHOI OLIHKM HapaMeTpiB BIIIOBIAHUX PEXUMIB 3 130T€PMIYHOIO
(puc 2, a) Ta HEI30TEPMIYHOIO BUTPHMKOIO (puc. 2,0) 3 IMiJBHIICHHIM
Temneparypu [8].

BapTo 3a3HaunTH, 110, SIK MOXHA OAYUTH 3 PHC. 2, PEXKUM O IPH3BOIUTH
HE TUIBKH JI0 BiJIMiY€HOTO CKOpPOYEHHS TPUBAJIOCTI cdepoimuzarii, ane i
Habarato OB PIBHOMIPHOMY PO3IOALTY TI00YN LEMEHTUTY y (eputHiit
Matpuii. OCTaHHIN pe3yabTaT CIIiJl BUIITUTH SIK AY>K€ ICTOTHUH, OCKIIBKU
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JUISL HU3BKOBYTJICIIEBUX CTallell OTpUMaHHS PIBHOMIPHOTO PO3IOILTY TII00Y I
y Marpuui 3aBXIu Oylo mpoOJjeMoro, sKa paHillle He Majla 33J0BUILHOTO
BUPIIICHHS.
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Pucynox 2 — Pexxumu cgepoinu3yrodoro Bigmany Ta MIKpOCTPYKTypa
3paskiB ctaii 200'2P; a — mepJIit 3epHUCTHL, 6a 5; 6 — MEepIiT 3ePHUCTHIA,
6an 1; x500

OxpiM TOro, BaXJIMBO BIA3HAYUTH, 10 30UIBIICHHS CTYICHA
PIBHOMIPHOCTI pO3NOALTY 100y KapOiaiB y hepuTHiil MaTpuIili NPU3BOIUTH
JIO MiZBUIIEHHS TEXHOJIOTTYHUX BJIACTMBOCTEH CTaJeBOi 3ar0TOBKH IIiJ| 4ac
XOJIONHOT BHCAJIKH, 10 PEaNi3yeThCSd y MOMIMBOCTI OTPHUMaHHS BHPOOIB
CKJIaHOI reOMeTpUYHOi (GOPMH 3 BUCOKHUM MOKa3HHUKOM BHXOIY NMPHUIATHOL
TPOAYKIIL.

IHTeHcudikamist mporecy chepoimu3yrdoro Biamany 3 BUKOPHCTAHHIM
HEI30TepMIUYHOi BHUTPHMKH 3 TIiJBUIICHHSAM TEMIIEpaTypd MoOxe OyTh
pO3TiyMaueHa HACTYIHUM YMHOM. SIK 3a3HaueHo B poOoTi [2], mBHIKICTH
CTPYKTYPHOTO TIEPETBOPEHHS, B TOMY YHCIi W IIBHIKICTH Cepoimu3ariii
MOJKHA OIMCATH HACTYITHUM BHPa30M:

AGTpc AGﬁ
Vi =A-v- -T® -exp|(— 1
b AX p rRT )’ @)
Je A — KxoeQillieHT, M0 NPHU3BOAMTH /0 BHKOPHUCTOBYBaHOI PO3MIpHOCTI
mBHAKOCTI cTocoBHO paHoro CII, (moss - M)/[Ix; v — gacToTHUIt daxrop,

- AG . . . . . .
1; ﬁPC — 'paJ1€HT BUIbHO1 €HEPT1l MOMIXK BIANNOBIIHUMHA CTPYKTYPHUMHU

cknanosumu, Jix/mMonb M; AGD, — enepris aktusarii gudysii koMmonenTy,
0 BM3HAYa€ HIBHJKICTH mpouecy, /k/Monb; R — yHiBepcaibHa ra3oBa
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nocriitaa, /Lx/mMoms; T — abcomoTHa TemmepaTypa mpomecy, K; T —
TEepMOJMHAMIYHUH (HaKTOp.

Amnani3z Bupady | mokasye, 0 y BHUIAJKYy I30TEpMIYHOiI BUTPUMKH
3HAYCHHS TEPMOJANHAMIYHOTO (PAKTOPY 3HIKYETHCS SIK 13 301IBIIICHASM Yacy
i30TepMiYHOI BUTPUMKH, TaK ¥ 3 MiABUIICHHIM TemIiepatypu (puc.3).

0.008

T®

0.006

0.004
0.002 \*TT
0

300 500 700 900 1100 1300 1500
T, K

Pucynok 3 — 3anexHicTh TepMOIUHAMIYHOTO (haKTOpy
Bijl Temniepatypu mpouecy chepoinuzanii [9]

Tomy, s3rimmo 3 Bupazom (1), BimOyBaeTbcs  3MEHIICHHS
TEPMOJAWHAMIYHOTO (paKTOPY Ta BiANOBITHO 3 I[MM 3MEHIICHHS IIBUAKOCTI
cdepoinnzarii, OCKIIBKH KiHETHIHHHA (DAKTOp 32 i30TEPMIYHOI BHUTPUMKH
3aJINIIAETHCS MOCTIHHIM.

VY pasi BUKOpHCTaHHS HEI30TEPMIYHOI BHUTPUMKH (3 MiJBUIICHHIM
TEeMIlepaTypy), TEPMOJUHAMIUHMNA (aKTOp 3 MiJBHUIICHHS TeMIlepaTypu
TaKOX 3MEHILYEThCs (pHC. 3), aje Lie 3HKEHHS TEPMOIMHAMIYHOTO pakTopy
MOXe OYTH KOMIICHCOBAHO 30UIBIICHHSAM KIHETHYHOTO (akTopy 3
MiABUIICHHAM TeMIlepaTypH. Bianosigui po3paxysku 3a ¢opmydoro (1) ta
OTpHMaHI pe3yJIbTaTh aHAITHYHUX JIOCIIPKEHb, SKi HaBEJCHO Ha pHc. 4 y
BUIJIAI rpadiuyHKX 3aJIe)KHOCTEN 3MIHU KIHETHYHOTO Ta TEPMOIMHAMIYHOTO
(akTopiB y [OCHITHOMY IiHTEpBaji TeMIepaTyp, MIATBEPIKYIOTh I
CTBEPJUKEHHS.

OCKUTBKH B 3aCTOCOBYBAaHOMY IHTEpBAJi TEMIIEpaTyp 3a HEi30TepMiTHOL
BUTPHUMKH 3 I1JIBUIICHHIM TEMIIEPATypH 3pOCTAaHHS KIHETHYHOTO (hakTopy i3
HaJUTMIIKOM KOMIIEHCY€ 3HIKEHHS TEPMOJMHAMIYHOTO (aKTopy, TOMy
MIBUAKICTH Tpolecy cdepoigmsamii [IEMEHTUTY 30UTBIIyeThCS, IO
BiIOOpakaeTbcsi y (iKCOBaHOMY ICTOTHOMY 3MEHIICHHI TPHUBAJIOCTI
TepMmiuHOi 00poOKu. Cii BBaXKATH, IO ONTHMI3YIOUH CITiBBITHOIIECHHS MiX
3MIHOIO 3HAa4€Hb TEPMOJMHAMIYHOTO Ta KIHETHYHOTO (DaKTOpiB Ui
CTPYKTYPHHUX TIepeTBOpeHb B3arajii, Oyae 3abe3nedyBaTucs J0JaTKOBa
iHTeHCHU KA 3MiHI MOPQOIIOTii CTPYKTYPH 32 CTPYKTYPHHUX TIEPETBOPEHB.
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Pucynok 4 — I'padixu 3MiHU KiHETHYHOTO (akTopy (a) Ta CHIILHOTO
BIUTMBY TEPMOJMHAMIYHOTO Ta KiIHETHYHOTO (PaKkTopiB (0)
BiJI TeMIIepaTypH y mpoteci chepoinu3zamii ieMeHTHTY

BucHoBkH

B po6oTi po3risHyTO HHU3BKA (aKTOPIB, CIPSIMOBAHMX HAa CKOPOYCHHS
TPUBAJIOCTI  CQepoiAn3yrouoro Bifmanxy HHU3bKOBYIJICIIEBUX  CTaJlei.
Bu3HaueHO OCHOBHI 3 HHUX, SIKI BKIIIOUAIOTh!

— MIATOTOBKY CTPYKTYpPH Ta BHUKOPHUCTAHHS HarpiBy BHYTpILIHIM
TETJIOHOCIEM TTiJ] Yac 3MIMCHEHHS PeKUMY c(hepoinn3yrouoro Biamany cTai;

— 3a0e3neveHHs MaKCHMAaIIbHOTO CKOPOYEHHS TPUBAJIOCTI
chepoimuzyrodoro BiAmamy 3a paxyHOK pealizamii pekuMy 3 TIHOOKUM
MIEPEOXOJIO/PKEHHSIM Ta HEI30TEPMIYHOI0 BHUTPHMKOIO 3 IIiJBHIICHHSIM
TeMIIepaTypHu;

— CKOpPOYEHHs TpHMBAIOCTI Ipouecy cdepoigusainii  LUEeMEHTUTY
JIOCSITAa€ThCS ONTHMI3AI€l0 3HaYeHb TEPMOAMHAMIYHOTO Ta KIHETHYHOTO
(axTopiB, 110 BU3HAYAIOTh IIBU/KICTh MPOLECIB CTPYKTYPHHUX NEPETBOPEHB.

Mepenik nocuianb
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PECULIARITIES OF THE APPLICATION OF NON-ISOTHERMAL
HOLDING IN THE PROCESS OF SPHEROIDIZING ANNEALING OF
LOW-CARBON STEEL

Abstract. For heterogeneous alloys, a significant role in ensuring the required set
of technological properties is played by the structural state, in this case the
morphology of the microstructure obtained after heat treatment. In the case of cold
heading, the necessary technological plasticity is provided by the spherical
(globular) morphology of the excess phase particles. In this regard, steel billets
intended for cold heading are subjected to spheroidizing annealing, which is mainly
carried out in furnaces with a duration of up to ten hours or more. In this regard, the
spheroidizing annealing operation is characterized by significant energy
consumption. To intensify the spheroidization process, various schemes of
pretreatments have been proposed, which are based on increasing the dispersion of
carbide particles and the defectivity of the matrix crystal lattice by reducing the
austenite decomposition temperature in the eutectoid transformation region. In this
case, the duration of the process was reduced to several hours with a practically
unchanged type of annealing mode. The study of the features of intensification of
spheroidizing annealing and factors that affect the speed of the spheroidization
process of cementite of low-carbon steels is of great practical importance. This work
investigates the use of heating the workpiece metal with an internal coolant using
non-isothermal holding with increasing temperature and deep supercooling in the
process of spheroidizing annealing of low-carbon steel, the influence of the listed
factors on the duration of the spheroidization process. It has been established that
the maximum reduction in the duration of spheroidizing annealing with a pre-
prepared initial structure is achieved by implementing a regime with deep
supercooling and non-isothermal holding (with an increase in temperature). In this
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case, the metal is heated by an internal coolant, which ensures the effect of
accelerating the formation of new grains. Reducing the duration of the process
during deep supercooling and non-isothermal holding is achieved by optimizing the
values of thermodynamic and kinetic factors that determine the speed of the process
of structural transformations.

Key words: spheroidizing annealing, heating with an internal coolant, non-isothermal
holding, duration of the spheroidization process.
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