Takum oOpa3oM, ycTaHOBIEHO, 4YTO HHUKeneBble craBel Hastelloy G-35 u
Nicrofer 6020 o0samaroT KpaiHe HU3KOM KOPPO3HMOHHONW CTOHKOCTBIO B PACCMOTPEH-
HBIX COJICBBIX N MCTAJUIMYCCKUX PACIlIaBaX. Ha ocHoBanumn IMOJYYCHHBIX JaHHBIX
mpcayiaracTCAa MpoOAOJKUTE ITIOMCK HOBBIX MATCPHAJIOB, B KAYCCTBC TAKOBLIX IJIA CO-
JICBBIX PACIIJIaBOB MOI'YT OBITH HUCIOJIB30BaHbI 663XpOMOBI)I€ HI/IKGJ’IB'MOJIPIQHGHOBLIG
cmiaBel (H70M27®, Hastelloy B-3 u T.71.).

The study was financially supported by the Ministry of Education and Science of
the Russian Federation within the framework of subsidizing agreement of September
29, 2014 (no. 14.581.21.0002, unique agreement identifier RFMEFI58114X0002) of
the Federal Target Program “Research and Development in Priority Directions of the
Progress of the Scientific and Technological Complex of Russia for the Years 2014
2020.
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THERMODYNAMIC MODELLING OF STRUCTURE
OF NICKEL-BASED SUPERALLOYS

Gibadullina A.F.”, Dedov K.V, Karpov V.V., Poloovov |.B., Rebrin O.1.
Ural Federal University, Yekaterinburg, Russia

New type of nickel-based superalloy was proposed in terms of its application in contact
with molten chloride salts. Thermocalc Software AB was used to simulate the phase content
of new alloy in dependence on its chemical composition. It was shown that carbon content
in the material should be maintain at minimal level. The influence of other elements pres-
ence in the y-phase austenite matrix was analyzed.

[To utoram HaydHO-UCCIIENOBATEIbCKUX padoT, mpoBoauBimxcs B ®TAOY BIIO
«Ypanbsckuii (enepanbHbii yHUBEpcUTET uMeHn nepporo [Ipesuaenta Poccun b.H.
EnpuvHa» u HampaBlIeHHBIX HA HM3Yy4YEHHUE KOPPO3HMOHHOM CTOMKOCTH HUKEIIEBBIX
CILIaBOB MPU KOHTAKTE C YKUJKOCOJEBBIMU XJIOPUAHBIMH PACILIABAMHU, CHIECJIAH BBIBOJ
0 HEOOXOMMOCTH MPOBEJEHUS padboT MO CO3/IaHUI0 HOBOTO MaTepuaia Ha HUKEIEBOU
OCHOBE C IMOHWKEHHBIM COAECPKAHUEM YIIIEPOAA.
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3a OCHOBY Marpullbl OyaylIero Marepuana MpeaioKEeHO B3SITh CHUCTEMY
Ni-Cr-Mo, Tak kak HUKEJIb-XpOM-MOJHOICHOBBIC CILIABBI BHITOAHO OTIUYAIOTCS XH-
MUYECKON U KOPPO3UOHHON CTOMKOCTHIO, BHICOKOW MPOYHOCTHIO U TIACTUYHOCTHIO B
MIMPOKOM JMarna3oHe temneparyp. OcHoBoi Oyaymiero cruiaBa siBisieTcs y-¢aza —
TBEPABIA PacTBOpP HA OCHOBE HHUKEJIs, PECTaBIAIONMas co00i ayCTeHUTHYIO (hasy ¢
pemetkoi Thna ['LIK. YuuTtbeiBasg, 4To cozgaBaeMblil Marepuan JOJKEH padoTaTh B
arpecCUBHOM cpezie W MpHU TMOBBIMIEHHBIX TemiepaTrypax (550-700 °C), to mpu BHI-
IUTABKE OTEYECTBEHHOTO CIUIaBa HEOOXOAMMO ONTHMH3UPOBATh COACpNKAHHE B HEM
yriiepoja, YToObl UCKIIIOUUTH 00pa30BaHus KapOUIHBIX (a3 1Mo rpaHHIlaM 3epeH.

C uenbio BbIOOpAa ONTHUMAILHOTO COCTaBa CIUIaBa ObLT MPOBEACH TEPMOIUHAMHU-
gyeckuid ananu3 nopeneHuss cucteM Ni-Cr-Mo-C npu BBICOKHX TemrepaTypax IpH
MOMOIIM  KOMIUJIEKCa MPOrpaMMHBIX MpoaykToB ¢upmbl Thermocalc Software AB.
JlaHHBIM TIPOrPaMMHBINA KOMILJIEKC MO3BOJISIFOET HE TOJIBKO HEMPOTUBOPEUUBO OIHUCHI-
BaTh (Da30BBIC TUATPAMMBI, HO U IOCTOBEPHO IMPEACKA3bIBaTh CTAOWIbHBIC (Pa3bl U UX
TEPMOJIMHAMUYECKHIE CBOIMCTBA B TeX 00JacTsaX (a30BOM qTuarpaMmsbl, I7ie OTCYTCTBY-
€T DKCTIIEpUMEHTaIbHast HHGOpPMAIIHS.

Ha nepBoM 3Tane HamMu poaHaTM3UPOBAH JAUarpaMMa COCTOSHUS CUCTEMBbI «HU-
KEIb-XpOM-MOJINOIeH» B auamnasone Temneparyp 500-1000 °C. U3 momy4eHHBIX
JaHHBIX CJIEAyeT, yTo ofAHO(a3Has CTPyKTypa CTaOMIBHOTO Y-TBEPAOTO pacTBOpa B
cucteme Ni-Cr-Mo Bo3MOXHa JHIIb MPU HU3KUX KOHIICHTPAIUSAX XpoMa 1 MOJIrOe-
Ha. [Ipu ananuze BnusHUA yriepoaa Ha (a30BbIil COCTaB UCCIECAYEMOW CHCTEMBI TIPU
pa3IMYHBIX TEMIepaTypax OTMEUEHO, YTO CHW)KCHHE KOJIMYECTBa yriepona Omaro-
MPUSATHO CKa3bIBACTCS Ha CTAOMJILHOCTH TaMMa-MaTpPHIIBI, OJTHAKO TMOHM)XCHHUE TEM-
nepaTypsl CYIIECTBEHHBIM 00pa3oM YCIOKHsIET (a30BYI0 CTPYKTYpy MarepHuaa, KakK
C MO3UIIMA UHTEPMETAINTUYECKUX COCIUHEHUHN, TaK U BO3MOXKHOCTH BBIMAJICHUS Kap-
ounHbIX ¢az. ITo 00yCIOBICHO METACTAOMILHON CTPYKTYpOW ramMmMa-TBEpAOro pac-
tBopa B cucteme «Ni-Cr-Mo-Cy». M3 monydeHHBIX JAaHHBIX CICIYeT, UYTO B Cliydyaec
oOpa3oBaHus M30BITOYHBIX (Da3 AJig OOECHeueHUs ayCTeHHU3aAIuu OyayIero CrijiaBa
HEOOXOIUMO MPOBOAUTH TEPMUIECKYIO 00pabOTKy Ipu TeMieparypax okosio 1100 °C
WJTU BBIIIIC.

C nenpio oOecriedeHus MOBHIIICHHOW KOPPO3UOHHONW CTOMKOCTH U UCKITIOYCHUS
00pa30BaHMS TOTOJIOTHYECKH YIUIOTHEHHON cUTMa-(ha3bl 10 TpaHuIlaM 3epeH BHIOpaH
ONTUMAaJIbHBIN JWana3oH KOHIIEHTpanuu moymbaeHa B criaBe 12 — 16 mac. %. s
uckiroueHus pacraga ['IK-cTpykTypsl BCleACTBUE CEIEKTHBHOTO BBHITPABIIMBAHHMS
XpoMa W3 TPUIIOBEPXHOCTHOTO CJIOS BCJEACTBHE B3aMMOJCUCTBUS C arpeCCHBHBIM
COJICBBIM DJICKTPOIMTOM MPEIIOKEHO TOAIePKUBATh COlep)KaHNe XpoMa B MaTepHa-
ne Ha ypoBHe 23 — 25 %. Takke nmokazaHa 1eaecooOpa3HOCTbh MUHUMU3AIUHU [TPUME-
celt xenesa, Bolb(ppama u kobanbpTra B Marepuare. JJis cBsI3bIBaHUA yIJIepoa U a30Ta
MIPENIIOKEHO OCYIIECTBISITh JISTHPOBAHKE CTJIABAa HUOOMEM WIJIM TUTAHOM.

BaxxHO MOM4YEpKHYTh, YTO MPU aHATN3E MOTYYECHHBIX JAHHBIX HEOOXOAMMO Y4H-
ThIBaTh KMHETUYECKUE (pakTophl. [Iporiecc nepexona u3 MeTacTabMIBHOTO COCTOSHUSA
raMMa-TBEp/IOTO0 PacTBOpa B TEPMOAMHAMMUYECKH YCTOWYMBOE MOJOXKEHHE Tpedyer
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PA3PABOTKA PEXKMMOB TEPMUUYECKON OBPABOTKH CILJIABA
VDMOALLOY C-4 1JIsA HOCJIEAYIOHIEI'O UCITOJIb30OBAHUSA B
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DEVELOPMENT OF VDMOALLOY C-4 HEAT TREATMENT
TECHNOLOGIES FOR APPLICATION IN HIGH-TEMPERATURE AND
CORROSIVE MEDIA

Gibadullina A.F.* Abramov. A.V., Karpov V.V., Zhilyakov A.Yu.,
Belikov S.V., Polovov 1.B., Rebrin O.I.

Ural Federal University, Ekaterinburg, Russia

The processes of VDM® Alloy C-4 heat treatment were studied. It was shown that the
conditions of such technologies can be found based on constructed «time — temperature —
precipitation» diagram. In a special series of experiments the thermal treatment of welded
samples was investigated. The following regime of heat treatment was chosen — annealing at
1100 °C during 30 min with further rapid quenching in the air.

Peanuzanus HOBBIX, Oonee >PPEKTUBHBIX MPOEKTOB B ATOMHO-3HEPIEeTUYECKOM
KOMILJIEKCE HEBO3MO)KHA 0€3 CO3/1aHHs HOBBIX MAaTe€pHajloB U TEXHOJOTMH MX oOpa-
6o0Tku. Koppo3noHHOCTOIKHE, )KapONPOUHbIE CTAlU U CIUIaBbl HA HUKEJIEBOW OCHOBE
COOTBETCTBYIOT HE MPOCTO OOUIMM TpeOOBaHUSAM KOHCTPYKTUBHOM MPOYHOCTH, HO U
OJHOBPEMEHHO O0JIaJJal0T BBICOKOM KOPPO3MOHHON CTOMKOCTBIO B arpeCCUBHBIX Cpe-
JaxX U IPOYHOCTBIO IIPU BBICOKMX TeMIleparypax. Ho Bce mpenmyiiecTsa Takux ma-
TEpPUAJIOB HEBO3MOXKHO HCIIOJIb30BaTh 0€3 MPaBUIBHO MPOBEACHHON TEPMHUYECKOI
00paboTKu, TeM Oosee Ui CBapHBIX COSAMHEHU.
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