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JloCI/DKeHO BIUIMB TEPMOIMKIIYHOI OOpOOKHM Ha 3MiHM CTPYKTYPH 1 YJapHOi B’SI3KOCTI 30HH
TepMigHOTO BIUIMBY 3BapHoro 3’ejHanns crami 08XI8['8H2T, y pesynbrari 9oro BCTaHOBJICHO, IO
TepmormkiTyBanast B inTepBati 700-900 °C  no3Bonsie mimBumuT yrapHy B skicte 3TB o piHs
OCHOBHOI'O METaly y CTaHi rocraBku. Bukopucransst qanoi crami 3amicts crami 12X18H10T y ximivHomy
MAaITMHOOY/TyBaHHI JIO3BOJISIE 3201 (U TH J10 80 KT JeMIIUTHOTO 1JI0pOroro Hikesro Ha 1 T mpokary.

Bukopucrani  cydacHi  METOJMKM  MEXaHIYHMX  BUNpOOyBaHb,  MeTalmo- 1
CIICKTPOHOTPAQIIHUX JTOCITIKCHb.

Kniouosi cnosa: HepuTHO-ayCTCHITHA CTallb; BMICT HIKEIIO; 30HA TEPMIYHOTO BIUIHMBY;
TEPMIYHMIA UK 3BapIOBAHHS; TEPMOIMKIIYHA 00pOOKa; y/apHa B’ A3KICTh.

Aepaobkuna E. C., Oxkopoxog A. P. «Vccnejiopanue npuuuH oxpyirausanus meraiia 3TB
cBapuoro coequnenus ctaim 08X 18I'8H2T».

HccneoBano BIMSHUEC TEPMOIMKIMYECKOW 0O0pabOTKM Ha HM3MEHEHHS CTPYKTYPHl W
YAapHOW BSI3KOCTH 30HBI TEPMHUCCKOTO BiIMsiHUS cBapHoro coemaunenus cramu 08X18I'8H2T, B
pe3yibTaTe YEero YyCTaHOBIICHO, 4TO TepMmonmkiuposanue B uutepaie 700-900 °C mo3zBomsier
IIOBBICUTH yJlapHyI0 Bsi3kocTh 3TB 10 ypoBHSI OCHOBHOIO MeTajyla B COCTOSHUM IIOCTaBKH.
Hcnonb3oBanue jganHod cramu Bmecto cranu 12X18HIOT B XuMHYECKOM MallMHOCTPOCHMM
MTO3BOJISICT SKOHOMUTD 110 80 KT Ae(PUIIMTHOTO M JOPOrOro HUKEJS Ha 1T mpokaTta.

Hcnosb30BaHbl  COBPEMEHHBIE METOJMKHM MEXaHWYECKHMX HMCHBITAaHUH, MeETalo- W
AIIEKTPOHOTPAQUICCKUX MCCIICIOBAHNH.

Knioueguie cnoea: heppnTHO-ayCTCHUTHAS CTalb; COACPKAHUE HUKEIIS; 30Ha TCPMUICCKOTO
BIIMSIHHSL, TCPMUYCCKUIN LMK CBAPKH; TCPMOLMKINYCCKasi 00pab0TKa; yaapHas BI3KOCTb.

Deryabkina E., Okorokov A. “Research the causes embrittlement of the HAZ of the welded
joint of steel 08H18GEN2T".

The influence of temperature cycling treatment on change of structure and toughness of the HAZ
of the welded steel 08H18G8N2T compound, whereby found that thermal cycling in the range 700-900°S
improves the HAZ toughness to the level of the base metal in a state of delivery. Use of this steel instead
of steel in 12X18H10T chemical engineering saves up to 80 kg of scarce and expensive nickel 1t hire.

The use of modern techniques of mechanical testing, metal and electron diffraction studies.

Keywords: ferritic-austenitic steels; nickel content; heat-affected zone; thermal cycle of
welding; thermocycling treatment; the toughness.
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1. Ctan nuranas

CrBopeHa, SIK 3aMIHHUK HIMPOKO 3aCTOCOBAHMX Y XIMIYHOMY MAallIMHOOYIyBaHHI JIEPIUTHUX
XpOMOHiKeJIeBUX aycTeHITHHUX crajieit TuHy 18-10 (3 10 % Ni) dpepurno-aycrenitia crans 08X 18I'8H2T
3 HM3bKMM BMicTOM JiedinuTHoro Hikemo(~ 10% Ni), mMae BHCOKY MIIHICTh 1 CTIMKICTH JIO
MDKKpUCTAITHOT KOopo3ii [1]. TeruioBuii BIUIMB Ha MeTall PK 3BaproBaHHI 1 rapsyid o6poOiIti ¢pepurHo-
ayCTCHITHMX CTaJed y IIpoIlecl BHUI'OTOBJICHHS YCTaTKyBaHHS BUKJIMKAE 3MIHM MHOTO CTPYKTYpH 1
BiactuBocted. [loBHOTAa CTPYKTYpHUX IIEpETBOPEHb 3aJIEKUThH B[ CTYIIEHS 1 TPUBAJIOCTI IIEpErpiBy,
TOOTO TEMIIEpaTypH 1 HIBUKOCTI HAarpiBaHHs, IIIBUAKOCTI OXOJIO/DKEHHSI 3BapHOIO 3’ €/IHAHHSI.

Bracimijiok pocTy 3epHa ¥ 3MEHIICHHS KUIBKOCTI ayCTCHITY CIIOCTEPIra€ThCs JICSKE
3HWKCHHSL yAapHOi B’sI3KOCTi 30HM TepMiunoro BmiuBy (3TB); moBTopHE TpuBayiie HarpiBanHs
MEPErpITHX JIUISTHOK 3BapHOTO 3’ €THAHHS MOKE MPUBECTH JIO TIe OLIBIIOTO OXPYIYIOBaHHA [2].

¥ 3TB, uro Harpiatotscs 70 Temmeparyp suiie 500 °C, criocTepiraeThCst 3HUKCHHS KOPO3iHOT
CTifKOCTI 3BapHOTO 3’€HanHs. Kopo3iitHOMY pyHHYBaHHIO MiJIA€THCS TIEPEBAKHO aycTEHITHA (asa,
sIKa pO3TaIIOBaHa Y BUTJIS/I TOHKMX ITPOIIAPKIB MK KPYITHUMH 3epHaMu gepury [3].

Takum urHOM, 3a0€311CUEHHS BUCOKHMX MIIIHICTHUX 1 KOpo3iiHuX BiactuBocrel 3TB 3BapHux
3’elHaHb (PEPUTHO-ayCTCHITHIX CTaleH NepeOyBae y MpsiMii 3aIe)KHOCTI BII TEIUIOBKIIAJICHHS TPU
3BApIOBAHHI, 1[0 BU3HAYAETHCS CHOCOOOM 1 peXMMOM 3BaproBaHHS. OCHOBHMM HEJIOJIKOM, IO
MICPEIIKO/KAE NIMPOKOMY BIIPOBAJKEHHIO ITI€T CTalTl, € CXMIIBHICTH JI0 OKpux4deHHs1 MeTarny 3TB, 1o

CYIPOBO/DKYETHCS 3HIKCHHSAM YIapHOT B SI3KOCTI 3BapHOTO 3’ €/ THAHHS.

2. MeTor0 focmiaeHHs € BU3HAUEHHsI IPUUUH oKpuxueHHs MeTainy 3TB 3BapHOro 3’€/HaHHS

crani 08X18I'8H2T npu Tepmormxtianiit 06pooi (TLO), mo iMiTye TepMidHIiA UK 3BaproBanms[3].

3. OcHoBHHII MaTepiaJ

3pasku po3mipom 12x12x60 mm 3i crasi mpomuciioroi Bumuiasku (0,055 % C, 0,45 % Si, 7,01 %
Mn, 18,2 % Cr, 3,25 % Ni, 0,29 % Ti, 0,03 % P, 0,03 % S) mingaBanu NBHIKICHOMY HarpiBaHHIO
IIJISIXOM TIPOITYIICHHS €JICKTPUIHOrO CTPyMy B iHIyKTOp ycranoBk CBY 3minm TepMIMHAX LMKITIB
3BapIOBAaHHS KOHTPOJIIOBAIM 33 IOIOMOIOI0 IIOTCHLIOMETPY 1 XPOMENbAIOMEICBAX TEpMomap
miamerpom 0,5 MM. MakcuManbHy TemIieparypy Harpisamms suOpamm pismoi 1300°C, msmuxicts
narpiBanas ~ 80 °C/c, mBuakicts oxonomkenus ~ 40 °C. TLHO mnpoBogwiy NUIIXOM HarpiBaHus i
oxonomkeras B HTepBani 500-700, 600-800 1 700-900 °C. Umcno mmkiie cxiano 10, mBHIKICTH
narpiBanust ~ 50 °C/xB, mBHAKICTE 0xoJopKeHHl ~ 150 °C/xBui1, OKpIXYyBaHHS METAITY 110 BEIMUMHI
yaapHoi B’si3kocTi. BunpoOyBanus Ha ygapHuili BUMH TPOBOIMIM HAa cTanpapTHux 3paskax 3a [ACT
9454-78 mpu — 20 °C. MIKpOCTPYKTYpY BHSBIISUIA EICKTPOJITHYHUM TPABICHHAM Y pPO3YHHI
XpOMOBOTO AaHTIAPHAY 3 HacTynHuM ¢apOyBanHsM ¢epuTHoi CKIanoBoi y peaktui I'pocOeka.
BingcoTkoBe CIHIBBITHOMIGHHS CTPYKTYPHHX CKJIQJOBHX BU3HAYAIM JHHIHHAM MeromoM  [4].
Enexrponno-¢pakrorpadiune BHBYCHHS 3J1aMiB  yOAPHUX 3pasKiB  MPOBOOWIA 10 METOLY
[POCBIYYBAHHS OHOCTYIIIHYACTUX BYT UIBHIX EKCTPAKUIHHNX PEILTIK Y SICKTPOHHOMY MIKPOCKOITL.

Pesynpratn BunpoOyBaHb Ha yIapHUM BUTUH, BUMIPH TBEPAOCTI, JaHi 110 (Ha30BOMY CKIamy

naseneHi B Tabn. 1. Beranosneno, mo THO B intepBani 500-700, 600-800 °C e needekTuBHOIO,
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TOMY IO IPUBOJNTD HE JIO ITJIBUIIICHHS Y IapHOT B S3KOCTI, 8 HABIIaKH, JIO [IOMITHOTO il 3HUKCHHS.
O06pobka B inTepBaini 700900 °C no3Bonste B 2 pa3u 30UILIINTH yjapHy B’s3kicTh Merany 3TB,

TOOTO Maibke /10 3HaYeHb, XapaKTEPHUX JUIsl OCHOBHOI'O METALy y CTaH1 II0CTaBKHU.

Tadanusa 1 — Mexaniuni BiiactuBocTi 1 pazosuii ckiiay craini 08X18I'8H2T

1 0
Cran merany | KCU _,,, MJlx/m’ Hy .| HV Buicr, %
(aycreHir) -
ayCTCHITY | pepuTy | MApTCHCUTY

VY crani mocTaBku 0,98 244 227 60 35 5
[Ticaa TLO, °C:

500-700 0,42 240 267 20 30 50
600-800 0,64 244 262 37 10 53
700-900 1,20 274 271 30 15 55

TLO npuBOAMTE JI0 3HWKCHHS 3arajbHOTO piBHS TBepocTi metairy 3TB i mikpoTBepocTi
ayCTCHITHOT CKJIQJ0BOI CTPYKTYpH B TOPIBHSHHI 31 CTAHOM ITCJIsI 3BApPIOBAIHLHOTO HArPiBaHHS.
3mauennst HV i MikpoTBepocTi aycTeniTy micis TepMOMKIyBanas B inTepsamax 500 — 700°C i
600 — 800°C GibI HU3BKI, O/IHAK IIC HE CHPHSIE HiBUMICHHIO YAAPHOT B S3KOCTi.

[Micnt TLHO B inTepBani 700 — 900 °C TBepicTh 3HMKYETHCS MCHING, a yJAapHa B’SI3KICTh
mpu — 20 °C 3pocrae jo 1,2 MJhx/m’. TIpi BEBUCHHI MIKPOCTPYKTYPH 3Da3KiB HA ONTHUHOMY
MIKPOCKOTIl BCTAHOBJICHO, 1110 B pe3ynbrari BiiuBy TLHO Ha BIII3 3meHmTyeThes 3araapbHa KUTbKICTh
0 - heputy, a TaKOXK BiOYBAETHCS ICTOTHA (PparMeHTaIlisi CTPyKTYpH.

Bigznaueno, mo y — $aza BUAUETbCA HE TUIBKM 110 TPAHMILIX, ajle M y TUTl (epuTHHX
3epen. [Ipu oMy A0BKUHA TIOITIB (PEPUTY, BUTLHOTO Bl BUAUICHb ¥ — (as3u, 3HAUHO 3HIKYETHCS.
MaxcuMaapHOTO PO3BUTKY 111 TEHACHINIT qocsararoTh y Bunajaky THO B inTepsani 600 — 800 °C.

Jlts BU3HAYCHHS IPUYHMH 3MIHH YIapHOT B’SI3KOCTI 3aiexkHo Bix pexxumy TILO nposejieHo
SIIEKTPOHHO — (hpakTorpadiuHi JOCHIHKEHHS TOBEPXH] pyHHYBaHHS yAapHUX 3pa3KiB, BUPI3aHUX 3
metairy BIII3, imiroBanoi na crami 08X 18I'8H2T. 3pa3ku BunpoOOByBaIH y CTaHi TIOCTABKY 1 TICIIS
THO. VY mepmomMy BHIAAKy B 3JaMaxX CIOCTEPIralOThCS IUISTHKA 3 BHCOKOCHEPTOEMKHMH
napaboaIgHIMK SIMKaMU TPY3JIOr0 pyWHYBaHHSA 110 000X CTPYKTYpHHMX CKJIaJ0BUX — ayCTCHITY U
dbeputy. Benumki 1 IDIBKOBI AEGHIPUTH, IO YAcTO 3yCTpivaroThes, KapOimiB Mey;Cs Takox
IHILIIOIOTH TPY3Jie SMKOBE pyHHYBaHHs, X04a I 31 3HAYHO MEHILIOIO eHeproeMHicTio (puc. 1, a).

Bemiki (mopsaxy 10 MxMm) BKioueHHst KapOOHITPUIIB THTAHY IHIL{IOIOTH PO3IIApYBaHHS, SKi
HE OJICP)KYIOTH ICTOTHOTO PO3BUTKY. 3yCTPIHAIOTHCS AUITHKY PYyHHYBaHHS 110 MDK(A3HUM TpaHHLISX, a
TaKOX CJIIEMEHTH TPy3JI0T0 Bigkoury. Ut ¢paceTok TPaHCKPICTATIITHOTO BIKOTY XapaKTepHUI PO3BUTOK
IBIHUKOBOI CTPYKTYpPH, X04a i 3yCTpIHaiOThCA OKPEMIi AUISHKH 31 CTPYMKOBHM Bi3€PYHKOM.

THO B inrepBani 500-700 °C BukiMKae AesKe MIABHIICHHS OIHOPIIHOCTI PO3MIPIB 1
dbopMHu SMOK TPY3JIOr0 PYHHYBaHHS, a TAKOX PO3BUTOK SMKOBOTO PYHWHYBAaHHS 1O MIK(pa3HUM
rpaHuisax. JQUISTHKE TPy3JIOr0 pyHHYBAaHHS MAlOTh 3HAYHO MCHIINY HOBXKHUHY. J[BIHHUKOBI S3WYKU
CTAIOTh MCHILC IT0 PO3Mipax, a TaKOK OUIbIIE OIHOPINHI; HA MOBEPXHI OKpeMHX (PaceTOK BIAKOIY
3’SIBJISIETHCS IICBPOHHMI BizepyHOK (puc. 1, ©). Y 3mami 30epiraioTbCsi BeNHKI KapOOHITpinm
TUTaHy, OJIHAK OCHOBHA pOJib Y (JOpMYyBaHHI yIapHOI B’ I3KOCTI HAJICKUTH CKYITYCHHSM IUTIBKOBHX
CyNb(1IHIX BKIIOYCHB, 10 IHIIIOIOTH PO3IIapyBaHHs 110 HAUIMIIKOBIH (a3 (puc. 1, B).
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[TigBuieHus TeMIIepaTypu
THO no 600-800 °C tpuBOIUTE 10
IIEBHUX 3MIH y MopdoJiorii
HaJUIAIITKOBUX dbas. Y 3J1ami

3 SIBJISIOTHCS IUIACTHHYACTI BKIIOYCHHS
KapOOHITP1/IiB THTaHA, III0 HOCSITH SIBHI
CIIIM  JICAKOTO PO3YMHCHHS B  XOJIi
THO. Kpim Toro, Bi3HAYAETHCA
KOAryJsiist JCHJPUTHUX  BKIIIOUYCHB
kapbiny Me ,, C (puc. 1, r). IIpoTsxni
JIISHKA ~ IIIBKOBHX — BHJIUICHB, IO
HIIIIOIOTH po3IIapyBaHHs o

HA/UTMIITKOBIM  (a3i, HE BUsBICHL Y

PR . .o . .
- = 3JIaMi  TPHUCYTHIA BEJIMKA KUIBKICTD
Puc. 1 — ®pakrorpamu 31amiB yjaapuux 3paskis b3

3BapHuX 3’eqHanb crani 08X 18'8H2T, x7800 Pacerok BiaKoIy, CQOpMOBAHKX 110

TUI ~ WICBPOHHOrO  Bi3epyHKa 3
BIJTHOCHO JIpIOHMMU ABIMHUKAaMU. J{UISIHKE CTPYMEHEBOTO Bi3epyHKa He BijizHaveni. Ha Mixdaznux
rpaHUIX 1 y (paceTkax BiJIKOJy CHOCTEPIraloThCs YWCIACHHI TUTACTUYHI yTATHCHHS, SKI MOXKHA
PO3IIIsIaTH K CBITYEHHS (parMeHTallii CTpyKTypHuX ckiaoBux. Jlamni exexrponnoi ppaxrorpadii
JI03BOJISIIOTH BBAYKATH, 1II0 XapaKTEPUCTHIHUHN po3mip ¢pparmenTisB nepeOysae B Mmexax 0,51 Mim.
[Ipu mnopamemromy migBuineHHi Temmeparypu TLHO (mo 700-900 °C) cnocrepiraerscs
po3uMHEHHS KapOoHiTpuiB tutana (puc. 1, 1). @parmenTariiss MaTpHIli BUPAKAETHCSA B TOSBI TPyIT
ApiOHUX SIMOK TPY3JIOTO BHYTPINIHROTO PYWHYBAHHS B MPUKOPIOHHHUX OOcCsrax roiok y' — dasu
(puc. 1, e, x). Ha ¢acerkax BifKOJYy BHUSBIIIOTHCA JUITHKH, IO MICTATh I'peOCHI MIacTUYHOL

nedopmartii 1 ssmxu (puc. 1, 3); IXast MOpGOIOTis CBITYATH PO 3MIHY MIKPOMEXaHI3MY PYHHYBaHHS.

Bucnosku

Hocmimpkeno BB THO na oxpymaioBanns 3TB cranmi 08X 18I'8H2T, sike ominioBamu 1mo
BEJIIMYMHI y1apHOi B’ I3KO0CT1. Pe3ynpraTtu 1ociipKeHb oKa3aim:

- 3mKeHHs yaapuoi B’ s3kocti micast THO B intepsani 500-700 °C BUKNIHKAHO yTBOPEHHAM
IMCIICPCHUX HAMIMIIKOBHX (a3 IUIBKOBOI MOpdoorii, mo pi3KO 3HIKYIOTH EHEPrOEMHICTH
IPY3I0r0 pyHHYBaHHS;

- 3HIKCHHSA KUIBKOCTI IIMX BHIUICHb (B OCHOBHOMY, IHTGHCHUBHO, IO PO3BHBAETHCS
dbparmenranis, ¢eputnoi Marpuui) mpu oOpodbui B inTepBami 600 — 800 °C no3Boirsie MiAHATH
PIBCHB yapHOi B’SI3KOCTI Mai’ke X0 BUXIIHUX 3HAYCHD IICIS IMITalii 3BapIOBAIBHOTO HATPIBAHHS;

- migsmenus ynpapuoi B’s3kocti npu THO mo pexumy 700-900 °C no 3mavens, o
BIJIIOBIJAIOTE OCHOBHOMY METaly, IOB’S3aHE y CTaHi HOCTAaBKH 3 KOAryJsmiel0 BKIIOYCHB

HQUTMIIKOBUX (a3 1 IMOQaIbIINM PO3BUTKOM (pparmeHTaitii.
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[TiyBumennst ypapnoi B’si3kocti meraity 3TB B iHrepsaii 700-900 °C 3B’s13aHO HE TUIBKU 31
3HAYHUM 3MCHITICHHSIM KUTBKOCTI & — (DEPUTHOT CKJIaJIOBOT Y CTPYKTYPI, alic 3 KOaryJIsiiieio BKIFOUYCHb
HAUIMIIIKOBUX (a3, TOCHIICHHSIM PO3BUTKY (parMeHTariii GepuTHOi MaTpulll, 110 B IIOMY 30UIbIIyE
CHEProEMHICTh pYHHYBaHHS CTPYKTYpu. 'apanrtyemi 3HadeHHs yiapHoi B si3kocTi merainy 3TB crami

08X18I'8H2T moxxyTh OyTH yrouHeHi 6e3rocepe/IHbO IpH BUITPOOYBaHHI 3BapHUX 3’ €[HAHb.
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