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HNPOTUBO®JIOKEHHASA TEPMOOBPABOTKA JIMTBIX
3AI'OTOBOK JJIEKTPOIIVIAKOBOI'O ITIEPEIIJTABA

Paccmompenvt 6onpocel opeanusayuu ONMUMATLHBIX PENCUMOE MEPMOOOPADOMKU 3020MOBOK IJIEK-
mpoutnaxkoeoco nepeniasa (DLUII) 6 ycnoeusx MauuHocmpoumensHo2o npeonpusimus 0 npeoom-
epawyerus 0eexkmos, Gul36aHHbIX NPUCYMCMBUEM 8000poda 6 memaine. Ilokaszano, ymo usmenenuem
6 CIOPOHY Y8eludeHUs] CKOPOCMU HASPeBa U OXAANCOeHUs. 8 npoyecce mepmooopabOmKY MONCHO CY-
wecmsenHo, 00 2,5 pasa, yMeHbuams co0epiHcane 8000pooa 8 JUMom NeKMpPOULIAKOBOM Memaie

Uu cokpauwiamos SHepeemudeckKue sampamal.

Knroueswie cnoea: omnusku S, 6000po0d, prokenvl, mepmoodbpabomxa, pacmeopumochis 8000pO-

0a, HANPAXNCEHUsL.

IHocTanoBka npoodeMbl

N3BecTHO, 4TO BOIOPOA, MPUCYTCTBYIOLIUN B
CTaJIi B KadycCTBE BpeﬂHOﬁ IMpUMECHU, HETaTHUBHO
BIIMSICT Ha €€ HKCIUTyaTallMOHHBIE CBOWCTBA M BBI-
3pIBacT oOpa3zoBanue crerupuaeckux nedexros [1].
Haxonsicey B »KHIKOM paciuiaBe B BUI€ HOHOB, BOJIO-
POJ B mpoliecce KPpUCTALIM3ALUN MeTallla Mepexo-
JIMT B aToMapHoe cocrosinue [2,3], pacTBopsieTcs: B
KeJe3e M ero CIulaBax, B3aUMOACUCTBYET ¢ Jedek-
TaMH KPUCTAIUINYECKON perretku [4,5] u nmpuBoaut
K HEOOpaTHMBIM pa3pylIeHHsM MeTajuia — (IIoKe-
HaM. Kpome Toro, Hajnu4me BOgOpo/a B CTAIIX CIIO-
coOCTByeT 00pa3oBaHUIO MOPHCTOCTH, CHUKEHHUIO
YPOBHSI MEXaHMYECKUX CBOMCTB B MeTajlle M, Kak
CIIE/ICTBUE, pecypca JIOIrOBEYHOCTH M paborocmo-
COOHOCTH MeTaNTMYecKux u3aenuit. Bomopox mnpu-
BOAUT METAJUIbI U CIIJIAaBbI B HEPABHOBECHOC COCTO-
sHue [6,7], W BO3HUKAET TEPMOJUHAMHYECKAS
HEOO0XOIMMOCTh ()a30BBIX M CTPYKTYPHBIX IpeBpa-
IIeHUH, 00SCIEeUNBAIONTNX WX JIBIDKCHHE K TEPMO-
JMHAMUYECKOMY PaBHOBECHOMY COCTOSHHMIO. Bpen-
HOE BO3IEHCTBHE BOJOPOJA HA CBOMCTBA CTAlH, B
YaCTHOCTH SABJICHHUC BOJOPOAHOI0 OXpYITYUBAHUA,
TEM CHJIbHEe, YeM TpouHee cTajgb. OCOOCHHO THM
CTpalalOT  XPOMOHHKEJEBBIE  KOHCTPYKIIMOHHBIC
cranu [8,9].

HcrouHukaMu MOCTYIJIEHUS BOJIOPOJia B CTallb
SIBIISIIOTCSL  IIMXTOBBIE MaTepUalbl, IMEYHAs aTMO-
chepa W pasnUUHbIE NPUCAAKU B METAUIMYECKYIO
BaHHY. Ho onpeznenstomumu conepxanne BoJOpoaa
B JKMJKOM MeETajyle SIBJISIIOTCS TEXHOJOTMYECKHE
ocobenHocty miasku [10].

B npakTrke COBpEeMEHHOTO MAacCOBOTO IMPOM3-
BOJICTBA CTAJIM HA METALUIyPTMYECKUX IPEAIIPUsI-
TUSAX yAaeTcsl B 3HAYMTEIBHOW Mepe CHATh Mpo-
OJieMy BOZIOpOJIa 3a CUET UCKIIOYCHUS U3 TEXHOJIO-
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THYECKUX IUKIOB BOCCTAaHOBUTEIBHBIX OIEpAIUi
U HUCHOJb30BaHMSA BHEIEYHOH, OCOOCHHO BaKyyM-
HOM, 00paboTku meramna. B To ke Bpemsi Ha Ma-
IIMHOCTPOUTENBHBIX NPEANPHUATHAX, 00J1aJaI0MNX
CcOOCTBEHHON MeTaJUTyprudecKkoil 0a3oi, caemarthb
3TO KpaliHe CI0HO. Mcronb3yeMoe B UX IapKe
MeTaJTypruieckoe o0opyJoBaHUE — BIEKTPOIYTO-
BbI€, MHAYKIIMOHHBIE M JJIEKTPOIIJIAKOBBIE IIEYH,
ABIISIETCSl arperaTaMu OTKPBITOro TUMa, padoTaro-
OIMMHA 110 KJIACCUYECKOH TeXHOoJoruu. B atmx
YCIIOBUSIX HPAKTUYECKH €AMHCTBEHHBIM CIIOCOOOM
00pbOBI ¢ BOAOPOAOM B METaJUIE SBISETCS CIICLH-
aNbHBI BHJ TEPMUYECKOH OOpPaOOTKH — OTXKHT

[11,12].

AHaMu3 TOCJHEeTHUX HMCCJIeN0OBaHMii W MyOauKa-
107070

Kak mokasamm ucciienoBaHus, B psIe CiIydacB
oTKHUT MaNiod3(h(EeKTHUBEH U HE BCeTaa obecreunBacT
orcyTcTBHe (uiokeHoB B metaiuie [12,13], u cBsizaHo
3TO CO CIIEIYIOIINM:

— MOBBIIICHUE TEMIEPATypbl OT)KUTA YBEIHYH-
BaeT paCTBOPUMOCTH BOZOPO/a B METAJIE U CHUXKA-
€T CTETEHb eT0 JecOpOINHU U3 OTIINBOK;

— OT)KHUT CHMDKAeT OOLIMH YPOBEHb BHYTPEHHHX
HaprDKeHI/Iﬁ B MCETaJJIE KaK OJHOI'0 M3 OCHOBHBIX
(dakTopoB (hIOKEeHOOOpA30BaHUS, HO MPAKTHYCCKH
HE CcII0cOOCTBYET MepepacnpeaeseHUI0 BOJOPOAa 1O
CEUEHHIO OTIIMBOK;

— OTXUT SIBJISIETCSl JIOBOJIBHO 3HEPro3aTpaTHOM
TEXHOJIOTHYECKON oneparuei.

Heas (3agauun) Uccaeq0BaAHUS

Llenpto manHO# paboOTHI sBIsIETCA pazpaboTka
ANbTEPHATUBHOTO KJIACCHYECKOMY OTXKHIY BapuaH-
Ta TPOTUBO(IOKEHHOH TepMHUYECKOH 00paboTKu
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JNIEKTPOMETATYPTHUECKUX OTJIIMBOK W3  CTad
40XH, obecrmeunBarOMIET0 CHMKEHUE COICPKAHUS
BOJIOPOJIa U TApaHTHPOBAHHOE KAaueCTBO METaIIA.

OcHOBHO# MaTepuaJl HCCJIeIOBAHUSA

Cranp mapku 40XH smekTpoayroBoit M 3iek-
TPOLIJIAKOBOW BBIIUIABKH HCIOJB3YIOT B MAaIIHHO-
CTPOUTENFHON NMPAaKTUKE I U3TOTOBJICHUS CIICIIH-
ANBHOM OCHACTKH W JeTaliell, paboTarmux B yCiIo-
BUSIX BBICOKHX BHOPAalMOHHBIX W JUHAMHYECKHX
Harpy3oK.

Pa3pabareiBass HOBBIH PEXKUM MPOTHBO(IIOKEH-
HOW TepMHUYecKOH 00pabOTKM, HCXOAMIH U3 CIeAy-
IOLIMX TOJIOKEHU:

— HoauMOpQHOe Y—0 TpeBpamieHne CIoco0-
CTBYET BBIJICJICHHIO BOJOPOJA U3 METAJIIA,;

— HarpeB OTJIMBKH JIOJDKEH TPOU3BOAUTHCS C Ta-
KOH CKOpPOCTBIO, YTOOBI 00ECTIEUNTh OIyTUMBIHA 1O
BPEMEHH IIEpPEerpeB MOBEPXHOCTH 3arOTOBKU OTHO-
CUTEJIBHO €€ CepIICBHHBL. B 3THX yclOBUSX pac-
TBOPUMOCTH BOJIOPOJIa B MEPErPEThIX CIOSAX YBEIH-
YHBaeTCA, U3-3a 4ero OH OyaeT AuQpPyHINPOBATH U3
00beMa 3ar0TOBKH K €€ TIOBEPXHOCTH;

— COTJIACHO TEPMOKMHETHUYECKUM JuarpamMMmam
pacmaza TepeoxNaXACHHOro aycreHuta [14] mon-
HOE NpEBpAallEeHUE ero B MEPIUT, HE00X0IUMOE IS
CHIDKCHHSI BEpOSATHOCTH 00pa3zoBaHusi (PIOKEHOB,
JIOJDKHO TIPOM3OWMTH 3a BpeMsl, COOTBETCTBYIOLICE
BBIOpPaHHBIM CKOPOCTSM OXJIAXKICHUSI.

DKcIepUMEHTAIBHBIE HCCIEIOBAHUS [TPOBOIH-
T B YCIOBHUSAX MAIIUHOCTPOUTEIHHOTO 3aBOJA.
[IpousBoactBo 3aroToBok u3 cranu 40XH Ha npen-
NPUATHH OPraHU30BaHO IO CIEAYIOIIUM TEXHOJO-
THYECKHM OTIepalusM, periIaMEeHTHPOBAHHBIM 3a-
BOJICKUMH MHCTPYKLHUSMH.

Ucxonnyto crans Mapku 40XH BeimnaBisuiv B
nHAYKIMoHHBIX Tedax MCT-0,4 u pa3nuBanu B pac-
XOJyeMBIE 3JIEKTPO/Ibl, KOTOPBIE IEKTPOILIAKOBBIM
criocoboM neperuiaBisi Ha ycranoske DLUIT-411 B

MEIHBIA BOJOOXJIAXKIAAEMbINA KPUCTAIIU3ATOp IHA-
MerpoMm 245 mm. Cmutkm DIIIT mocne mpoTuBo-
(hoKeHHO TepMOOOpabOTKH MOABEPraid IUIACTH-
4yeckoil aedopmanui — MPOKOBKE U MOCIEqyoUen
npokaTke. 13 moiyyeHHBIX TakuM 00pa3oM 3aroro-
BOK H3rOTaBJIMBAJIN Bajbl IJIS1 CEIbCKOXO3SMCTBEH-
HBIX MaIIVH.

Pan courkos DIIIT ObUIM M3BATEI U3 TEXHOJIO-
TMYECKOro Ipolecca AJsl UCCIENOBAHUS PEKUMOB
MPOTUBOQIIOKEHHOW TepM0ooOpaboTku. OT HHUX OT-
Oupanu 3arotoBkd mmuHOW 200 MM, yAamss TOJIOB-
HbI€ U JIOHHBIE YacTH Ha AHOAHO-MEXAaHHMYECKOM
CTaHKe. DTH 3arOTOBKHU MOCJIE Ka)KAOTO 3Tamna Tep-
M00OpabOTKU OXJIAXKJAU U U3 HUX Ha riryoune 15
1 120 MM OT MOBEPXHOCTH OTOWPATH IPOOBI IS
MOCJIEOYIOUIET0 ONPEAEIECHUs] B HUX COIEpXKaHUSA
Bonopona Ha mpubope EA-1 ¢upmer «banbiepey.
OT60op mpoO OCYIIECTBISUTA TOJBIM CBEPIOM M3
obicTpopexyineit cramun P18 [15] Ha BepTHKanbHO-
(dpe3epHOM CTaHKE MpPU TPEAEITBHO JOMYCTHMBIX
MUHHMANBHBIX CKOPOCTSIX BpalleHUs, OOWILHO
OXJNaXJasi 3MyJbCHEH 3aCBEpJIMBACMbIC YUYACTKH.
[MpoObl moMemanu B TEpPMOCTAT C TBEPAOW yriie-
KHUCJIOTOM.

OnbITHBIE 3arOTOBKM HarpeBajd B T€pMOIleyax.
IIpeaBapuTenabHO MEYH Pa3orpeBain A0 BHIOPAHHBIX
TEMIIepaTyp W MOMEIIAIN B HUX 3aroTOBKH, WU3Me-
HSIs, TAKAM 00pa3oM, CKOpOCTh MX Harpena.

OxJa)kaeHue 3aroToBOK 10 3alaHHBIX TeMIepa-
TYp OCYIIECTBIISUIH CXKATBhIM BO3AYXOM B CIICIIUAIb-
HO pa3pabOTaHHOM ISl ATHX IeJIeH ycTpoiicTBe Ka-
MEpPHOTO THIIA.

Temmnepatypy GpUKCHPOBaIN XpOMeIb-atoMere-
BBIMU TE€pPMOIIapaMH, BHEJPEHHBIMH Ha TIyOuHy 15
MM OT ITOBEPXHOCTH U B LIEHTP 3arOTOBOK.

B 1ab6n. 1 npeacraBneHo conepxaHue BOIOpoaa
B omymmBKax DI u3 cramu 40XH mocne tpaguim-
OHHOTO OTXKHTa M IMOCiie KaKIAOro M3 3TaroB Ipe-
JaraeMoi TepMooOpPaOOTKH.

Tabn. 1. I3MeHeHue cojiepkaHus BOJAOPO/A MO CEYCHUI0 OTIUBOK ctaiu DI
Mapku 40XH nuamerpom 245 mm

Copnepsxanue Bopopoaa, | Cpennee
Hy, % coziepxa-
Ne
i Pexxumbl TepMO0OPaOOTKH OTIMBOK Paccrosine HUE BOJO-
OT OBEPXHOCTH, MM poxna H,,
15 120 %
1 | Hocne DUIIT (3TanoHHas 3arOTOBKA) 0,00045 0,00060 0,00052
2 | Omxur 873K, 10 4 (cynmiecTBYIOUIHHA PEXKIM) 0,00030 0,00055 0,00042
3 | Harpes no 1133K co ckopoctsio 7...11 K/mun 0,00037 0,00050 0,00043
4 | Beinepkka ipu 1133K, 2 4 0,00035 0,00050 0,00042
5 | Oxmaxnenue ot 1133 10 953K co ckopocteo §...10 K/mMun 0,00025 0,00038 0,00031
6 | Boeimeprkka mpu 953K, 2 u 0,00020 0,00030 0,00025
7 | Oxnaxnaenue ot 953 no 573K co ckopoctsio 8...10 K/mun 0,00010 0,00025 0,00017
8 Brigepxka npu 573K B Teuenue 1,5 u ¢ nocneayromum 0,00010 0,00025 0,00017
OXJIXKJICHHEM Ha BO3JyXe
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Kak BUJIHO, NpEeIOKEHHBIA PEXUM MPOTHUBO-
(bmokeHHOW TEpMOOOPabOTKH, TPETyCMAaTPUBALO-
U YyCKOPEHHBIE HAIPEB U OXJIAXKJICHUE OTJIUBOK,
MO3BOJIIET CYHICCTBEHHO, B 2,5 pa3a, CHU3UTH CO-
nepskanne Bogopoaa B nmutoMm Mmerammie DIIIT u co-
KpaTUTh JUIMTEJIBHOCTh 3TOH TEXHOJIOIMYECKOU
onepanuu. [IlpuMedarenpbHO, YTO TPH PACCMOTPEH-
HBIX pPEeXMMax HAarpeBa M OXJAXKIEHHUS BOIOPOX B
MIPUIIOBEPXHOCTHOM cJoe (TimyOmHON 15 MM) He
TOJILKO HE HaKaIUIMBaeTcs H3-3a Iepepacrpenere-
HUSL €r0 MEXJIy CEpAIICBUHON U MOBEPXHOCTHIO 3a-
TOTOBOK, a ¥ 3HAYUTEIFHO YMEHBIIAETCS.

[IpakTHka 3KCIUTyaTalliy BaJIOB CEIIbCKOXO3sIi-
CTBEHHBIX MAIIIMH, U3TOTOBICHHBIX U3 ctamu 40XH
OIIII, 3aroToBKH KOTOPOH TepMooOpabOoTaHBI IO
HCCIIEIOBAHHOMY PEXHUMY, TIOKa3alia CyIECTBEHHOE
yBeJMUCHHE UX Pa0OYMX XapaKTEPUCTHUK U JIOJTO-
BEYHOCTH.

HoBeiii pexxuMm TpoTHBOGIOKEHHOH TepMo00-
pabOTKU BHEPEH B MPOU3BOCTRO.

BriBoabI

Kak mnokaszanyd BEBITIOJHEHHBIC HCCJIICI0BaHMUs,
BapbUPOBAaHHEM CKOPOCTH HAarpeBa W OXJIAXKICHHS
TEPMOOOPaOATHIBAEMBIX JUTHIX 3arOTOBOK MOXKHO
CYIIECTBEHHO BIUATH Ha Mudy3uto u mepepacrpe-
JIeJICHUE BOJIOPOZa B METaJlIe U UCIOJIb30BaTh TO
KaK HHCTPYMEHT O0pBObI ¢ BOJOPOIOM.
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ANTI-FLAKE HEAT TREATMENT OF CAST BILLETS
OF ELECTROSLAG REMELTING

Background. The problem of extra-aggregate removal of hydrogen from ingots and castings produced
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at machine-building enterprises remains relevant due to the peculiarities of their metallurgical
equipment base. In the ingots of most structural steels, after slow cooling, the formation of flakes is
possible (irreversible defect in the metal). The maximum permissible ingots exposure time was set to
reduce the risk of flakes formation during annealing, which reduces the level of internal stresses and
the hydrogen content in the metal. However, the low efficiency of annealing is due to the difficulty of
redistributing hydrogen in the cross-section of castings. The latter, combined with residual stresses
cause the appearance of flakes. For this reason, the task of developing a method of heat treatment,
which allows not only to reduce the total hydrogen content in the surface layers but also to activate its
movement from the central zones to the surface with subsequent evacuation from the metal.

Materials and/or methods. We have investigated 40XH steel of electric-arc and electroslag smelting
used for the production of specialised equipment working in the conditions of high vibration and
dynamic loadings. 40XH steel smelted in an induction furnace and poured into consumable electrodes
further remelted at the ESR installation into a crystalliser of 245 mm diameter. Shafts for agricultural
machines made from the obtained billets after heat treatment. In the process of developing a new
method of heat treatment, experimental billets heated in thermal furnaces and after exposure cooled in
chamber-type installations. The total hydrogen content in ESR billets after various stages of heat
treatment and its content at a distance of 15 and 120 mm from the surface were estimated.

Results. The variation rate of heating and cooling ESR billets allowed choosing the optimal heat
treatment modes, which reduce the hydrogen content by 2.5 times compared with traditional
annealing and reducing the time of treatment.

Conclusion. Shown that variation of the rate of heating and cooling of heat-treated castings can
significantly affect the diffusion and redistribution of hydrogen in the metal and its use as a tool to
combat hydrogen.

Keywords: ESR billets, hydrogen, flakes, heat treatment, hydrogen solubility, tension.
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