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BIIJIUB TEMIIEPATYPH TEPMIYHOI'O ObPOBJISAIHHA HA CTIMKICTh
A0 MIZKKPUCTAJIITHOI KOPO3I11 3BBAPHUX 3’€IHAHb ’KAPOMILIHOI'O
HIKEJIEBOTI'O CIIVIABY INCONEL 718 TA CTAJII 316L

KamenkoBa A. B., Kajinina H. €., Cirenko /1. O.
JninpoBchKuii HaioHaIbHUI yHiBepcuTeT iMmeni Ouiecst 'onuapa

Anomayia /[na sucomosnenns oemaneil i 8y31nie mypoonacocroeo azpecamy (THA) i piounnoeo pa-
KemHo20 08USYHA BUKOPUCHOBYIOMbCA 36APHI 3 €OHAHMA 3 KOPOIIUHOCMIUKUMU CIMANAMU A HCAPO-
MIYHUMU CNIABAMU, SIKI BUMALAIOMb DIZHUX PENCUMI8 MEPMIUH020 00pOONeHHs OJisl O0CACHEHHS PiGHS
MEXAHIYHUX 81ACMUBOCMElU, 3A3HAYEHUX Y KOHCMPYKMOPCbKIU Ookymenmayii. OcKinbku 018 3aMiHU
HEeOOXIOHI OeKibKa Mamepianis, GiONPayiosants y UPOOHUYMEE ma O0CAIONCEHHS 83AEMOCHOILYYY6A-
HOCMI 3 MeMNnepamypHO-CUIO8UX 6NIUGIE Y 6UPODI, a HA ye HeoOXIOHo bazamo yacy, mo HauKpaujor
oyna 6 3amina 00HO20 CHAA8Y, A YHIhIKaAYis 3acmoco8y8aH020 MAMepiany 00360Uld KOHCMPYKYIL
npayiosamu siKk €oune yine, wo nioguwuio 6 mexnoaociunicms upobie. Ilicis eusuenus pisHux eapia-
HMi6 3aminu 01151 0ocaiodcents 6yno obpano inconel 718.

Knrouoei cnosa: scapomiynuii cniag, Kopo3itiHa CMItIKiCmb, MIJICKPUCMALIMHA KOPO3isl, 36API06AHHS,

cmpykmypa, natika, inconel 718.

Beryn

TexHOMOrisi BUTOTOBJICHHSI BUKOHYE iCTOTHY
pPOJb Y PO3BUTKY METaNyprii Ta MamuaHOOymy-
BaHHS. BrpoBa/pkeHHS HOBHX e()EKTHBHHX,
MEHIII METaJIO- Ta EHEPrOEMHUX TEXHOJIOTIH J0-
3BOJINTH CTBOPIOBATH BHCOKONPOJYKTUBHI, Ha-
JiiHI 1 JOBrOBiYHI, KOHKYPEHTOCIIPOMOXHI Ma-
IIMHA Ta oONajgHaHHS, a TaKOoX MNpUAMaTH
TEXHOJIOT1YHI pillleHHs, 3[aTHi SIKICHO 3MIHUTH
MPOIIECH CIIOKUBAHHS TPYJOBUX 1 MaTepialbHUX

pecypciB.

AHaniz myoaikanii

[IpoBeaeHo aHami3 myOmikamid mpooieMu
Mou(iKyBaHHS AIIOMIHIEBUX CIUIaBiB. Y Ha-
MPYKEHUX KOHCTPYKIISIX MallMHOOYTyBaHHS 1
Oy/iBeNbHIN TEXHIIl IMUPOKO BUKOPHCTOBYIOTh-
cs neopMyrodi alOMIiHIEB] CIIaBU cucteM Al-
Mg AI-Si-Mn i nuBapHi aJrOMiHIEB] CIUIaBU CH-
cremu Al-Si. AHajgi3 Cy4acHOTrO CTaHy IIpO-
OneMy MeXaHIYHUX, TEXHOJIOTIYHUX Ta EKCILTY-
aTaliiiHUX BJIACTUBOCTEM aIIOMIHIEBUX CIUIABIB
cucrem Al-Mg, Al-Mg-Sc, Al-Si no3somse
3pOOHTH BHCHOBOK IPO JIONUIBHICTE MOAN(IKY-
BaHHS PO3IUIABY HAHOIMCIIEPCHUMH TYTOILIaB-
KMMH KoMIo3uiissMu. s eheKTUBHOro 3acBo-
€HHS HaHOMOJM(IKATOPIB KOMIIO3UIIil MOBHHHI
MaTH HACTYITHI BJIACTUBOCTI: BIIIOBIAHICTH (i-
3MKO-XIMIYHOI TIPUPOJIN €NEMEHTIB Moudika-
TOpa Ta MAaTPHIIl CIUIABIB; 130MOPQHICTH KpHC-
TATIYHHUX PEIIITOK; HEBEIUKY PI3HUII0 aTOMHHX
paziyciB; BIICYTHICTh PO3YMHHOCTI B OCHOBHIii
MAaTpHIIi; BUCOKY TEMIIEpaTypy IUIABJICHHS BBe-

JICHOT KOMITO3HMIIil, 110 MAa€ MEBHUN KPUTHYHHI
PO3MIp MpH KpHCTaNi3aIlii.

[lepcnekTBHI  HanpsMH  MOAUGDIKYBaHHS
QIIOMIHIEBHX CIUIABIB Y CBiTi BEIyThCS B Taiy3i
3aCTOCYBaHHSl TOPOLIKOBUX MOIU(IKATOPIB
3acrocyBaHHsI TaKMX MOAH(]IKATOPIB MOJETIIye
TEXHOJIOTTYHHH TpOIEC, € EKOJOriuyHo Oe3rmed-
HUM, TPU3BOIUTH J0 PIBHOMIPHOI'O PO3MOALTY
BBEJICHUX HAHOKOMITO3HUIIIH 10 Tepepi3y BHIIMB-
Ka, [0 MiJBHUIINYE MIIHICTb, IJIACTHYHI BJIACTH-
BOCTI CIUIaBiB Ta iX cTabuibHICTh. Moaudikaro-
pamMH MOXYTh BHUCTYNAaTH KapOiu, HITPHIH,
KapOOHITPUM Ta 1HII TYrOIUIaBKI €JIEMEHTH Ta
CTIOJTYKH.

[lepcnekTBHI  HanpsMH  MOAUGDIKYBaHHS
QIIOMIHIEBHX CIUIABIB Y CBiTi BEIyThCS B Taiy3i
3aCTOCYBaHHSl TOPOIIKOBUX  MOIU(IKATOPIB.

3acrocyBaHHsI TaKMX MOAH(]IKATOPIB MOJETIIye
TEXHOJIOTTYHHH TPOIEC, € EKOJOriyHo Oe3rmed-
HUM, TPU3BOJIUTH 10 PIBHOMIPHOI'O PO3MOALTY
BBEJICHUX HAHOKOMITO3HUIIIH 10 Tepepi3y BHIIMB-
Ka, [0 MiJBHUIINYE MIIHICTb, IJIACTHYHI BJIACTH-
BOCTI CIUIABIB Ta iX CTAOUIBHICTD.

B mammua0OynyBanHi i OyaiBenbHOI iHIYCT-
pii as Aerajei BiIIOBIAAaILHOIO MPU3HAYCHHS
3aCTOCOBYIOTh aJIIOMIiHI€BI ciuiaBu cuctem Al-
Mg, Al-Mg-Sc, A1-Si mapok AMr6, /116, 1201,
1570, AJI4. Taki cIutaBH MarOTh BHUCOKI ITOKa3-
HUKH MEXaHIYHHX BJIACTUBOCTEH, BHCOKY ILIac-
TUYHICTh, JeOPMOBaHICTh, 3BapPIOBAHICTH, IIO
00YMOBJIIOE 1X MEPCICKTUBHICTD JJIs BiAMOBia-
JILHUX KOHCTPYKIIiK [4-5]. OqHak 3acTOCYBaHHS
JIETKUX CIUIaBIB YCKIIAIHIOETHCS OTHOYACHUM
PO3BHUTKOM PIi3HUX BHJIB KOpO3ii MpH eKcIuTya-
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Tarii. 3 ypaxyBaHHSIM BUCOKHUX BHUMOT, IO Tpe-
I'SIBISTIOTHCS 10 TPOYKIIii MammMHOOY TyBaHHSI,
a TaK caMo JIii arpeCUBHUX CEPEIOBHII] PH €KC-
myaTanii. BuB4eHO KOpO3iliHI BJACTHBOCTI JIH-
BapHUX JepOpMOBAaHUX AIOMIHIEBHUX CIUIABIB
cucrem Al-Mg, AI-Mg-Sc, AI-Si.

OnHuM 3 epeKTUBHUX NUISAXIB MiABUIICHHS
SIKOCTi BUJIMBKIB, YCYHEHHS CTOBITYAacTOi 1 Bis-
JIOBOT CTPYKTYpPH, MOJPiOHEHHS 3epHA 1 JCHIpH-
THOI CTPYKTYpH, JOCSITHEHHS OJHOPINHOI CTpY-
KTYpH 1 MiIBUIIEHHS KOPO3ii{HUX BIACTUBOCTEH
€ MomudikyBanus [6-9]. IIpomucnoBi miampu-
€eMcTBa YKpaiHU 3aCTOCOBYIOTh MOIU(IKYyBaHHS
JIUBAPHUX QJIOMIHIEBHX CILIABIB COJIIMH Ha-
Tpito.

OnHak JIETKOIJIaBKi COJIi HATPII0 HE TEXHO-
JIOTIYH1 i1 OOpOOKM MAaCHUBHUX PO3ILIABIB,
OCKUTBKH KOpPOTKHH dac il Moaudikaropa He
JIO3BOJISIE JIOCATTA HEOOXiHOTrO MOIpiOHEHHS
3¢pHA 1 MIABUIICHHS MEXaHIYHUX 1 TEXHOJIOTIY-
HUX XapaKTepHCTHK cCIuiaBiB. [lepcrieKTHBHUM
HATPSIMOM TIOKpAIIEHHS SKOCTI Ta BJIaCTHBOC-
TeH aOMIHIEBUX CIUIABIB € 3aCTOCYBAaHHS JIHC-
MEPCHHUX TYTOIUIAaBKUX MOAH(]IKaTOPiB HA OCHO-
Bl KapOiaiB, HITPUiB, OOPUIIB, YUCTHX METAJIIB
poamipamu wactTrHOK 10...100 HM [10].

Ponb HAHOJWCIEPCHUX JI00aBOK-
MOU(DIKaTOPIB 3BOJAMTHCS J0 CTBOPEHHS B PO3-
TUTaBi JOAATKOBUX MITYYHHX IIEHTPIB KpUCTAi-
3amii. J{ms 1mporo Taki 100aBKM MOBHHHI OyTH
CITIBPO3MIpHI 3 KPUTHYHUMH 3apOJIKaMH MaTpH-
4yHOI (ha3u cruiaBiB i 3a0e3meuyBaTH JTOCTATHIO
X KUIBKICTh JUIS OTPUMAaHHS B JIUTBI ApiOHOIN-
CrepcHOi CTpyKTypu. SIK IMOKa3aHO B poOOTI
[11], HaitOinb ehekTHBHUME MOIU(IKaTOpaMH
QIIOMIHIEBHX CIUIABIB BU3HAHI TIOPOIIKH TYTOII-
JABKUX CIIONYK Ha OCHOBI THTaHY 1 KPEMHIIO 3
po3mipom yacTHHOK MeHire 100 HM.

Ha wmexaHi4HI BJIacTHBOCTI aAIFOMIHIEBHUX
CIUIaBIB CYTTEBO BIUIMBAIOTh PO3MIPH YACTHHOK
3MinHIOYO01 (azu. [IpoMHUCIIOBI €KCIIEPUMEHTH
3 3aCTOCYBaHHSIM JHCIIEpCHUX YacTUHOK SiC 'y
IIMPOKOMY miara3oHi posmipiz  0,075...0,100;
10...20; 30...40; 50...60 1 90...100 MKM BHSIBUJIH,
10 31 3MEHIICHHSIM PO3MIpiB YaCTUHOK KapOimy
KpPEMHI0 Meka MIITHOCTI ciutaBy AJI4 3pocrtae 3
115 no 260 MIla (puc. 1).

Jlnst BH3HAYCHHS ONTHMAIbHOI KIUIBKOCTI
Moaudikaropa KapOiy KpeMHII0 BUKOHAIH
MPOMHMCIIOB] TUTABKHM Ta BUIPOOYBaHHS 3pas3KiB,
IO TPOUILIN TepMiuHy OOpOOKY 32 pEeKHMOM
T6 (rapTyBaHHS 1 ITyYHE CTAPIHHSA).
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Puc. 1. BruuB posmipiB wacturok SiC Ha Mill-
HICTh cIu1aBy AJl4
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Jlyis KOMIT'FOTepHOI OOpPOOKH JaHUX CKIIAITy
CIUIaBiB 1 BMICTY MOJHM(}IKaTOPiB BUKOPHCTAIH
nporpamy Microsoft Excel. Anamni3 pe3ynpraris
3aCBiMYMB, 1110 MOAM(DIKYBaHHSI YaCTHHKAMHU
KapOimy KpeMHi0 B kiabkocti 0,1 mac. % mak-
CHMaJIbHO TMIiJBUINYE IUTACTHYHICTh  CIUIaBY
AJI4 3a ogHOYacHOTO 30LTBIICHHS MEXK1 MIIIHO-
CT1 1 MEXIi TEKy4OCTI.

Merta i nocTaHOBKa 3aBJIaHHA

Meroro pobOTH € MiIBUIIEHHS KOpO3iitHOT
CTIHKOCTI aJIOMIHIEBHX CIUIaBiB MOAU(IKyBaH-
HsM. JIsl NOCSTHEHHsST METH OYJM TOCTaBIieHi
3aBJIaHHS: IMPOBECTH JOCIIKEHHS KOMILIEKCY
(I3MKO-MEXaHIYHUX BJIACTUBOCTEH, HEOOXITHHMX
TEXHOJIOTTYHMX  XapaKTePUCTUK, KOPO3iHHOI
CTIHKOCTI Ta CTPYKTYpH CIUIaBiB JIO 1 MiCJIs MO-
TQiKyBaHHS.

Marepianu i MmeToan

MarepianamMu JTOCHIPKEHHsI 00paHi skapomi-
IIHUH CIUIaB ayCTEHITHOro kiacy inconel 718
cucremu Fe-Cr-Ni 1 Kopo3ifiHOCTiHKi cTaii
12X18H10T i SLS 316L.

Inconel 718 € xapoMIlIHUM HiKEIEBUM CILIa-
BoM cucteMd Fe-Cr-Ni 1 BUKOPHCTOBYETHCS B
paKeTHIM TEXHII[l JJi1 BUTOTOBJICHHS COPOYOK
KaMep 3rOopsiHHS paKkeTHUX JIBWTYHIB, Jerajel
TypOOHACOCHUX arperatiB Ta IHIIUX BHPOOIB.
Le#t crutaB 3aCTOCOBYETBCS B Jiarma3oHi TEMIIe-
patyp Bixg -252.8°C no 704.4°C B XiMiYHO aKTH-
BHHMX Ta30BHX CEPEIOBMINAX, BIiH CTIHKUN 10
+ 980 ° C.

[Micnst 3BaproBaHHsl 3pa3KH-3aTOTOBKH  JUIS
TEXHOJIOTTYHOTO MPOIECY BUTOTOBJICHHS HaIpa-
BIISUTH HA TIastHHSI.

[MastHHs 3a1iCHIOBAHN 32 2 PEKUMaMH:

— warpiBauas g0 950 + 10°C, BuTpHMKa
30 XBWIMH 3 MOMEHTY 3aBaHTaXXEHHS B IIiY,
oxonomkeHHa 10 300 °C 3 mivdro, a maii Ha Io-
BITpI.
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— mHarpis g0 1200 + 10°C, BurprMKa
20 XBUJIMH 3 MOMEHTY 3aBaHTa)KEHHS B M4, 0XO-
nomkerns 10 300°C 3 mivdro, 1ati Ha MOBITPI.

Cranpb 316L — KOHCTpYKIIiiiHa KpiOTeHHA ay-
CTeHITHA cTajb. BoHa cTilika 10 KOpo3ii B arpe-
CHUBHHUX CEpPEIOBHUINAX, a TaKOXK A0 OLIBIIOCTI
30BHIIHIX BumBiB. Ctans 316 L mae Bnactu-
BiCTh 30€piratv HUTICHICTh CTPYKTYpH Yy pasi
MIJBUIICHHS Ta 3HMXKCHHI TeMIIEpaTyp.

[lepenik mocCmiKyBaHUX MaTepialiB Ta iX
XIMIYHUH CKJIaJl HaBEIEHO B Ta0I. 1.

PobGoTH, BUIIpoOyBaHHS 1 JOCHIKSHHS 3/IiH-
CHIOBAJIMCh Ha MPOMKCIOBOMY oOnamHaHHi. ITix
yac BUIPOOYBaHb 1 JOCIIIPKEHHSAX 3aCTOCOBY-
BaJIUCS IHCTPYMEHTH 1 METOOU BiAIIOBIIHUX
I'OCT a6o OCT, 1m0 BHKOPHCTOBYIOTBCS ISt
YKapOMIIIHHMX CILIABIB.

TepMooOpOOICHHS 3IMCHIOETHCS B TEPMI-
Hi cimiTOBIM meui. IMmiTalis masHHS MNPUIIOEM
['70HX mpoBomumacs 3 MPOXOKEHHSM ITOBHO-
ro PeKUMY MAasHHS 3TIIHO 3 THUIIOBUM TEXIIPO-
1IECOM, PSKMMH SKOTO BKa3aHI HIDKYE. 3Bapro-
BaHHS BiOyBaeThes anapati Cani-2M.

Pe3ynbTaTn Ta ix 00roBopeHHst

[liaroroBka 10 3BaprOBaHHS

Koxxna 3aroroBaHka TIepea 3BaprOBaHHAM
MPOXO/AMJIa Bi3yaJIbHUM KOHTPOJIb HA HAsBHICTH
OKHMCHHUX ILIIBOK, 3a00TH, 8 TAKOX KOHTPOJb I'e-
OMeTpii Ta epeBipKy MarHiToM.

Bignosigno mo OCT 92-1152-75, 6e3moce-
pemHBO Tepel 3BaprOBaHHSM KOXKHY 3BapHa
KPOMKY 3a4HMIIAIOTh BiJ] OKHCHUX ILTIBOK ITICJIS
TEPMIYHOr0 OOPOOJICHHSI Ta 3HEKUPIOIOTH PO3-
yuHHUKOM Ty «Hedpacy.

TexHomorist 3BaproBaHHs

3BapHi 30ipku Oynu 3BapeHi pydHUM apro-
HO-JIYTOBHM 3BapIOBaHHSM 332 PEXHMOM, PEKO-
MEHIOBaHUM KOMIIaHi€10-BHpoOHHKOM Nicrofer:
=140 A, Butpata aprony: Ha 3axuct 15 i/ xB,
Ha miaayB 511/ XB.

[Tix wyac 3BaproBaHHs B aTMOc(epi 3aXHCHUX
ra3iB BUKOPHUCTOBYBABCS aproH i remiid 1 copty
(00’emua vactka aprony — 99,90 %, kucHIO —
0,005 %, a3zory — 0,10 %, mapiB Boau — 760 mMm.
Pt. Cr. 0,031/ M3).

OO0poOiieHHs 3BapHOro mBa. J[as BUaaIeHHS
OKHCHOI IUTIBKH 1 KOJILOPIB MIHJIIMBOCTI MOBEPX-
HIO 3BapHOIO IIBa Ta 30HM MOOJM3Y IIBa 00PO-
OJsiacs 10 mapaMerpa mopcerkocti Rz 40.

Bci 3BapHi 3’€qHAHHS MPOHIIIM PEHTTEHO-
KOHTPOJIb HA HASBHICTh JIGEKTIB 3BapPIOBAHHSI.

Busnauenns crifikocti nporn MKK Jloc-
JJDKEHHs 3BapHUX 3pa3KiB cruiaBiB inconel 718-
Hep KaBKoOi cTaii Ha criiikicts mpotn MKK Mme-
TonoM «AM» 3a 'OCT 6032-89 mpoBomiocs 3
6oky craii. [ToBepxHs crani 316L B 30HI 3Bap-
HOT'O 1IBa JOCIi/KyBaacs B CTaHi IOCTABIISTHHS
0e3 3auuileHHs TOBepXHi. Pe3ymbraTH mocmi-
JOKEHHS HaBeleH1 B Ta0. 2.

TpaBneHHs 3AICHIOBAIM B PEaKTHUBI TaKOTO
CKJIaay: Boaa — 1000cn’, CipyaHO-KHCIIa MiJb —
130,0 r, cipa kucnora 120,0 r. Burpumysanu B
bOMY pO3uMHI 7 110 3 MOMEHTY 3aHypeHHS 3a
temnepatypu 20 = 5°C. Ilicis 11bOro IOBEPXHIO
MACHBYBAaTH B JBAJISTUIIPOIICHTHOMY BOJHOMY
PO3UMHI COMM 1 MPOMHJIM JUCTHIHLOBAHOK BO-
T0I0.

Bignosinno no umor ACTY 6032-89 3pa-
30K BBa)KA€ThCA CTIMKUM, sKio rianomaa MKK
He nepesutiye 0,03 mm. [ligBuiieHa TpaBUMICTD
HE € 03HaKOI0 Opaky, alie BKa3ye Ha CXWIBHICTb
Marepiaiay J0 Kopo3ii (Tadi.2).

Tabnuig 1 — XimMiuHuN CKIIa JOCHIPKYBaHHUX CILUIABIB
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Tabmuns 2 — Pe3ynbraTil JOCITIPKEHHS Ha MDKKPUCTATITHY KOPO3it0

SJ\;'?:; Martepian Pexxum T/O I'mubura MKK, Mmm 3aBepiieHHs
132 ITastaus 3a
950°C+ CTapiHHA MKK BincyTHs
STS 316L — . . N
inconel 718 HgmHHﬂ 3a (TiIBUIIEHA TPABUMICTh Ha TJTHOUHY Criikuit
133 1200°C+ crapin- 10 0,33Mm)
HS
151 IlasaHs 3a 0,24
0 . - -
141 12X18H10T- 1210°C + crapin- | 0,17, (migBHIeHAa TPABUMICTh Ha TJIH- o
inconel 718 HA ouny 10 0,23MMm) Hecrivikwmii
> Masimas 3a 950°C | 0,07, (migBUINEHA TPABUMICTh Ha TJTHU-
+ cTapiHHA 6uny 1o 0,14 Mmm)

[IpoBoauaM 30BHINIHIMN O, a TaKOX
OIJISA[ JIsAJ Y BUMAAKy 30uibmieHHs 10 X 200 pa-
3iB MOBEpPXHI 3BapHHX 3pa3KiB 3 OOKy craimi
316L o ix BuUmpoOyBaHb Ha CXHJIBHICTH IO
MKK. BcraHOBj€HO, 10 MOBEPXHS 3pasKiB 3
BUXITHOIO OOKY CHJIBHO IIOPCTKA 3 HAasBHICTIO
3arMONIeHh 1 BUCTYIIB JIOBTacTol 1 OKPYTJIoi
¢dopmu, iHIMA OIK TicAsS MeEXaHIYHOTO 3a4u-
IIEHHS 3aYMCTKH TJIAJIKUI Ta MIOPCKU.

[Tig yac MIKpOIOCIIPKEHHS B TIEPETUHAX J0-
crimpkenux 3pas3kiB yci. NeNe 132, 133 mikkpu-
CTaJiTHOI KOpo3il HE BHSABIEHO. 3 MOBEPXHI Ha
rmbuHy 10 0,33 MM crioctepiraiacs miJIBHILC-
Ha TPaBUMICTh 3epeH (puc. 2).

[Tig yac mOCiPKEHHS 3pa3KiB MICS PEKUMY
nasiHas 3a 1200 °C 6yiio BUSIBIEHO, 1110 3pa3KH €
MeHIn criikumu 10 MKK, HbK Ti, sKi TpoHILIm
nasHHs 3a TemnepaTypu 950 °C.

[ligpuiiena TpaBUMICTh 3epeH cram 316L
JIEMOHCTPY€E CXWIBHICTH CILIaBY J0 MIXKPUCTa-
JITHOT KOpO3ii, aJie He € 10ro BU3HAYCHHSIM.

Puc. 2. TligBuiena TpaBUMICTh 3epeH MMOBEPXHI
3paska 3 0oky craii 316L, x200

MixKpucTamiTHa KOpo3is Ha 3pa3Kax cra-
ni12X18H10T noka3ana Ha puc. 3.

Puc. 3. MixkpucramiTHa KOpo3is Ha 3pa3kax
cram 12X18H10T, x200

Ha pucyHKy mogaHO 30HM KOPO3IMHOTO BH-
KpHIIYBaHHS 3€pHA, SIKi BKa3ylOTh Ha HECTii-
kicth crami 12X18H10T o MKK micis nasgaus
3a Temmneparypu 1200°C.

BuchHoku

[licns  BUCOKOTEMIEpaTypHUX HArpiBaHb
crifikicts ipott MKK 000x cramneil 3HIKYETh-
cia. JlocmipkeHHS 3BapHUX 3pasKiB  CIUIABIB
inconel 718-HeipxkaBKoi cTaii Ha CTIHKICTh TPO-
™ MKK neMOHCTpYIOTh, IO 3BapHi 3’€JIHaHHS
craBy 2.4668 31 crayuro 12X18H10T 1 31 cran-
mo 316L micns HarpiBiB mix yac masHHS 1 cra-
PIHHS B arpecMBHHX CEpeIOBHINAX 3aCTOCOBY-
BaTH HEOaXaHo.

JlocmipkeHHsT 3BapHHMX  3pa3KiB  CIUIaBIB
inconel 718- HeipkaBkoi crami Ha CTIHKICTh
nporu  MKK  pgemoHCTpyroTh, 10 3BapHi
3’e¢aHaHHA crulaBy inconel 718 31 crammo
12X18HI10T i 3i crammro 316L micist BUCOKOTE-
MIepaTypHUX HarpiBaHb MiJ] 4ac MasHHA 1 IO0-
JAIBIIOTO CTAPIHHS B arpeCHBHUX CEpPEIOBUINAX
3aCTOCOBYBATH HEOAKaHO.

PexomennoBanuii pexum
HarpiBanas jgo 950 + 10°C, BuTpumka —
30 XBWIMH 3 MOMEHTY 3aBaHTaXXEHHS B IIiY,

nassHHA-
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oxonomkenns 10 3000C- 3 miy4ro, maji Ha MOBI-
Tpi, OCKUIbKA MEHIINH PEXWUM BILIMBA€E HA KO-
PO3iiiHY CTIMKICTh cTanel B 3’€JHAHHAX 3 HEip-
KABKHUMH CTaJISIMU.

Kontponsb sikocti crutaBy inconel 718 mero-
pamu JICTY, 110 € aHamoridHuM IIijg 9ac 3acTo-
COBYBAaHHS IiJl Yac KOHTPONIO KApOMII[HHX
cragiB tuny XH67MBTIO, nponemoHcTpyBaB
pe3yabTaTH, OJIM3bKI 10 OTPUMAaHUX METOIaMH
koHTpomo 3a ASTM i AMS. bynu Bu3HaueHi
ONTHMAJIbHI BapiaHTH 3’ €IHAHb ITiJI YaC PyIHOTO
aproHO-IIyrOBOTO 3BapIOBAaHHS BOJIL(PAMOBUM
CIIEKTPOJIOM.
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Biinsinue TeMmepaTypbl TePMUYECKOi 00padoTKu
HA CTOHMKOCTh K MEKKPHCTALIMTHOH KOPpPO3uH
CBAPHBIX COCAMHEHHUH KAPONPOYHBIX HUKEIEBBIX
criiaBos inconel 718 u ctanu 3161

Annomauyusn. /[ns useomoeienusi demanei u Y3108
mypbonacocnoeo azpecama (THA) u scudkocmmnozo
PaKkemHo2o osueameis NPUMEHSIONCSl C8APHblE Coe-
OUHEHUsI CMATbHBIX U JHCAPONPOYHBIX CHAABOS, Mpe-
OYIOWUX PA3IUYHBIX PENCUMO8 MepMUYeckol obpa-
60mKU  ONsL  QOCMUICEHUST  YPOBH MEXAHUYECKUX
CBOIICME, YKA3AHHBIX 8 KOHCIMPYKIMOPCKOU OOKYMeH-
mayuu. Yyumoigas mo, umo HOUCK 3AMEHbl Cpa3y
HECKONbKUX MAMEPUAIos, UxX ompabomka 8 npou3eo-
ocmuee U UCCIe008aAHUsL 83AUMHOL COHemMaeMoCcmu
npU MeMnepamypHO-CULOBbIX 8030€UCMEUsX 8 U30e-
JIUU MOJICEM 3aHAMNb 3HAYUMENbHOE BPEMSL U CPeOCH-
6a, ayuwiel oviia Obl 3aMeHa Ha OOUH CNas, d YHU-
Qurayus npumensemo2o Mamepuand  No380IUNd
KOHCMpYKyuu pabomams Kak eOunoe yeioe, Hmo
nosvliaem mexuoao2uunocms uzoeaui. Ilocne u3y-
YeHUs PA3TUYHBIX 8APUAHTNOG 3AMEHbL OISl UCCe00-
sanust ovuiu eviOpansl inconel 718.
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The effect of heat treatment temperature on the
resistance to intergranular corrosion of welded
joints of heat-resistant nickel alloys inconel 718
and steel 3161

Abstract. Welded joints with corrosion-resistant
steels and heat-resistant alloys, which require
different modes of heat treatment to achieve the level
of mechanical properties specified in the design
documentation, are used for the manufacture of parts
and components of the turbo-pumping unit (TNA)
and liquid rocket engine. Heat-resistant alloys are
called a large group of alloys on iron, nickel and
cobalt bases with the addition of chromium and other
alloying elements (C, V, Mo, Nb, W, Ti, Al, B, etc.),
the main feature of which is to maintain high strength
at high and cryogenic temperatures. Heat-resistant
alloys are used in the manufacture of many parts of
gas turbines in rocketry and jet aircraft, stationary
gas turbines, the pumping of oil and gas,
hydrogenation of fuel in metallurgical furnaces and
many other installations. For the doping of nickel
chromium y-solid solution, several elements are used,
which differently influence the increase of heat
resistance and processability. Along with the main
reinforcing elements (Ti, Al), refractory elements (W,
Mo, Nb) are introduced into the alloy, which
increase the thermal stability of the solid solution.
Heat resistant alloys based on cobalt. Cobalt has a
positive effect on the heat-resistant properties of
alloys. The introduction of chromium in cobalt
increases its heat rvesistance and hardness. In
addition to chromium, alloys containing cobalt
contain additives of other alloying elements that
improve  their various properties at  high
temperatures. A characteristic feature of these alloys
is that they have relatively low heat resistance
characteristics at moderate temperatures, which,
however, change little with the temperature up to 900
° C and therefore become quite high compared to the
characteristics of other heat-resistant alloys. A
significant drawback of these alloys is their high cost
due to their high cost of cobalt. Nickel-based heat-
resistant alloys typically have a complex chemical
composition. It includes 12—13 components, carefully
balanced to obtain the required properties. The
content of impurities such as silicon (Si), phosphorus
(P), sulfur (S), oxygen (O) and nitrogen (N) is also
controlled. The content of elements such as selenium
(Se), tellurium (Te), lead (Pb) and bismuth (Bi)
should be negligible, which is provided by the
selection of charge materials with low content of
these elements, because to get rid of them during
melting does not appear possible. These alloys
typically contain 10—12 % chromium (Cr), up to 8 %
aluminum (Al) and titanium (Ti), 5-10% cobalt (Co),
as well as small amounts of boron (B), zirconium
(Zr) and carbon (C). Molybdenum (Mo), tungsten
(W), niobium (Nb), tantalum (Ta) and hafnium (Hf)
are sometimes added. Heat-resistant alloys are used
for the production of many parts of gas turbines in
rocketry and jet aircraft, stationary gas turbines, for
pumping oil and gas products, for hydrogenation of
fuel in metallurgical furnaces and in many other
installations. Nickel-based heat-resistant alloys are
also cryogenic, i.e. they are capable of operating and

retaining mechanical properties at very low
temperatures (-100 ° C to -269 ° C). Such alloys are
chromium-nickel alloys having an austenitic
structure. Not only do they have good mechanical
properties that do not change over a large
temperature range (-200 ° C to 900 ° C), they can
also work in corrosive environments. Nickel-based
heat-resistant alloys typically have a complex
chemical composition. It includes 12—13 components,
carefully balanced to obtain the required properties.
Welded and combined workpieces are made of
separate components that are interconnected by
various welding methods. Welded and combined
blanks greatly simplify the creation of complex
configuration designs. Improper workpiece design or
incorrect welding technology can lead to defects
(grooves, porosity, internal stresses) that are difficult
to correct by machining. Given that finding
replacements with multiple materials, working them
out in production, and investigating interconnectivity
during thermal forces in a product can take
considerable time and money, it would be best to
replace one alloy, and unifying the material used
would allow the structure to work. as a whole, which
would increase the manufacturability of the products.
After examining the different replacement options,
inconel 718 was selected for the study. Studies of
welded specimens of inconel 718 alloy-stainless steel
for resistance to the ICC have shown that welded
inconel 718 alloy joints with 12X18HI10T steel and
316L steel after high temperature heating during
soldering and subsequent aging in aggressive
environments. Thus, on the basis of working
conditions and technical requirements for the
impeller, it is advisable to use material that would
ensure uninterrupted operation in a corrosive
environment at cryogenic temperatures. Based on the
working conditions of the parts, it is most expedient
to make it from heat-resistant chromium-nickel
alloys, namely, from float inconel 718 which meets
the necessary strength characteristics, has been
investigated The recommended soldering mode is
heating up to 950 = 10°C, holding for 30 minutes
from the moment of loading into the oven, cooling to
3000C with the oven, further in the air, since it has
less influence on the corrosion resistance of steels in
stainless steel joints. Quality control of inconel 718
alloy by GOST methods similar to that used for the
control of X67MBHT type alloys showed results
similar to those obtained by the ASTM and AMS
control methods.

Keywords: heat resistant alloy, corrosion resistance,
intergranular ~ corrosion,  welding,  structure,
soldering, inconel 718.
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