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BUBUEHHSI BILIMBY PEXKUMIB TEPMIYHOI OBPOBKH HA KOPO3IMHY
CTIMKICTh 3BAPHHUX 3'€THAHb

Kaninina H. €.', Kaginin B. T.2, Cepxenko 1. 07
1,Z[Hinp03c1>lcm71 HalioHaJbHUI yHiBepcuTeT iMeHi Ouiecst 'onuapa
’Hanjionanbna MeTaJypriiiHa akajemisi Ykpainu, /[Hinpo

Anomauia. /[na euzomosnenna demaneu i 8y3inie mypoonacocrHozo azpecamy (THA) i piounnozo pa-
KemHO20 0BUSYHA 3ACTNOCOBVIOMbCA 36aPHI 3 €OHAHMSA 3 KOPOIIUHOCMIUKUMU CIANAMU | JCAPOMIYHU-
MU CNIABAMU, SKI 8UMALAIOMb PIZHUX PENCUMIE MEPMIUHOT 00poOKU 05t OOCACHEHHSL PIGHSA MEXAHIY-
HUX 8lacmusocmetl, 3a3HAYeHUX Y KOHCMPYKIMOPCbKIti 00KyMeHmayii.

3 oensdy na me, wo noutyx 3amin 8i0pasy OeKiIbKOM MAMEPIANam, iXHE BIONPAYIOBAHHS Y UPOD-
HUYMBI i Q0CTIONCEHHSL B3AEMHOT CROTYYYBAHOCTI 30 YMOBU MEMNEPATNYPHO-CULOBUX BNIUBIE ) UPO-
01 Modice 3auHAMU 3HAYHUL Yac | Kowmu, HauKpaworw 0yra O 3amina Ha OOUH CHIA8, a YHiQiKayis
3ACMOCO8Y8AH020 Mamepiany 0036801uLa O KOHCMPYKYIl npayiosamu K €OuHe yine, wjo nioguuuLo 6
mexHonociuHicme eupobie. Ilicis eueuenHs pisHUX eapianmis 3amitu Ot O0CAIONCEHHS 0)Y10 00PaAHO
inconel 718.

Knrouosi cnosa: sxcapomiynuii cniag, Kopositina Cmitikicmb, MIJICKpUCMATIMHA KOPO3is, 36APIOSAHHS,

cmpyxkmypa, navxa, inconel 718.

Beryn

OCHOBHMMH €KCIUTyaTal[iiHUMHU BJIaCTHBOC-
TamMu getaned i By3nmiB THA € »xapoMinHicTh i
KOpO3iifHa CTilKicTh. SIKII0 meprra BUMOTra JI0-
CATAEThCA MiI00POM MarepiajiB, TO Jpyra 3a-
JIKUTh BiJ] MOJANBIIOT 0OpOOKH.

Temnepatypa i yac 3BaprOBaHHS i TepMid-
HOI OOpOOKM BIUIMBAa€E Ha CTPYKTYPY CIUIaBy,
3MIHIOIOYH WOTO EKCIUTyaTalliiiHi BJIaCTHBOCTI.
Tomy B poOoTi OyJIO JOCHIKEHO TEPMIiUuHUI
BIUIMB HAa KOPO3iiHY CTIMKICTh 3BapHUX
3’€lHAaHb OCHOBHHX CIOJYY€Hb MarepiajiB, IO
3aCTOCOBYIOTHCSI Y BUTOTOBJICHHI PaKETOHOCIIB.
Ockinpkn OunpmricTe Aetaneid i By3nmiB THA
NPOXOAUTH SIK TaiKy, TaK 1 3BaplOBaHHS B Pi3-
HUX TOCJIIJJOBHOCTSIX, TO B POOOTI PO3TJISHYTO
BUIIAJIOK TPOBEICHHS MAiKK CTPIYKOBUM IPH-
MOEM TicTsl 3BapIOBAaHHS 3 KOPO3iHHOCTIMKOIO
crauno. JKapoMillHi CIlaBu BHKOPHUCTOBYIOTh
JUIE BUTOTOBIICHHS 0araTthOX JeTanedl ra3oBHX
TypOiH y pakeToOyAyBaHHI Ta peakTUBHiH aBia-
1ii, CTalllOHAPHUX Tra30BUX TYpOiH, y MpoIleci
nepekavyBaHHs HaQTH Ta Ta30NPOJYKTIB, Mij
yac TiJporeHizamii majguBa B METaTyprilHHX
nedax Ta B 0ararbox iHIIMX YCTaHOBKaXx.

AHaJi3 myOsikanii
Kopo3ist — 11e MUMOBUTEHUIM OKUCITIOBAIBHO-
BIJTHOBHWUIA ITpoIiec pyWHYBaHHS METaiB 1 CIlia-
BIB YHACNIJIOK B3a€MOJIil 3 HABKOJUITHIM cepe-
nmosuieM. [1ig yac 3iTKHEHHS OaraTOKOMITOHEH-
THUX CIUIaBIB 3 €JICKTPOJITOM (SIKUM MOXe OyTH
H,0, aacopboBana 3 TOBITps, OCKUIBKH B HiM,

K TIPaBHJIO, € 10HM PO3YMHEHHWX PEUYOBHH) Ha
MOBEPXHI MeTally BUHHUKA€e Oe31iy MiKporajibBa-
HIYHUX map. Y OUX Hapax aToMH OiTbII aKTHB-
HOro Mmerany (3a3Buuail Fe) BimirpatoTe poib
aHoJIa, a aTOMH MEHII aKTUBHOTO — POJb KaTo-
na. Ha katozi Wae mpoliec BiTHOBJICHHS MOJIC-
Kyn O, B HEUTpaJILHOMY # JTy’)KHOMY CEpENOBU-
max, abo ioHiB H+ — y kucrmomy cepenoBwii.
Ha aHozi BiOyBaeThCS OKUCJICHHS aTOMIB Me-
Taly, 3 SKUX CKIAJA€ThCS aHOJ, 3 YTBOPEHHSIM
kaTioHiB Mey+. OcTaHHI TIEpexosiTh B €JIEKT-
pOIT (PO3UMHEHHS aHOJa) 1 3’€IHYIOTBCS 3 10-
namu OH-, 3 yrBopenusm riapokcuay Me(OH)n
Ta iHIIKUX MPOAYKTIiB. Y pe3ynbTaTi MeTall, SIKUM
rpae poiib aHojma, pyHHyerbesa. LIBuakicTh
€JIEKTPOXIMIYHOT KOpO3ii TUM OiibIla, YUM Al
OJIMH BiJ OJHOTO PO3TALIOBAaHI METald B DALY
Hanpyr, i YUM BHIIA TEMIEpaTrypa HaBKOJIHII-
HBOT'O CEPEJIOBHUIIIA.

Hikenb mae kpucramiuny rparky ['lIK, ana-
noriuny pewtitui Fey, Tomy neryBaHHs Hikelem
pO3IIMPIOE  OOJIACTH  ICHYBaHHS  ayCTEHITY
(puc. 1).

Haif0inpmm  MmMpPOKO  BUKOPHUCTOBYIOTHCS
XpoMoHikeneBi crtami  Mapok 12X18H9 i
12X18HI9T. CrpykTypa 1mux craneil — aycTeHiT
AK 32 YMOBHM KIMHATHOI TeMIepaTypH, Tak i mijJ
Yyac HarpiBaHHs, TOOTO BOHM HE 3a3HAIOTH MOJi-
MOpQHOTO IepeTBOpeHHs. Bupobu 3 nux cranei
MiIIAI0Th TEPMIdHIA 00poOIli, aje He 3 METOI0
3MIITHEHHS (1[¢ HEMOXJIUBO, OCKUIEKH B TIPOIIECi
3MIHU TeMITepaTypHu HE BiAOYBAETHCS MEPEKPHUC-
Tajizamii), a JJIs IMIBUIICHHS KOPO31MHOI CTiii-
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KOCTI 32 paxyHOK 30aradeHHs] XpOMOM TBEPIOTO
pO3urHy. 32 YMOBH HasBHOCTI BYIJICLIO B CTPY-
KTypi oOmaneHoi craji mpUCyTHI KapOigu Xpo-
Mmy. Lle o3Ha4ae, 110 HE BECh XPOM 3HAXOJUTHCS
B TBEpAOMY PO3YHHI. 3arapTyBaHHs Bif TeMIie-
parypu ~ 1000°C 3 OXOJIO/KEHHAM Yy BOJI JO-
3BOJISIE PO3YMHUTH KapOiau XpoMy B ayCTEHITI i
3ano0irTv iIXHbOMY BHUIIJICHHIO 32 YMOBH IIBU/-
KOTO OXOJIOJPKEHH.
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Puc. 1. [liarpama crany cucremu Fe — Ni

Merta i nocTaHOBKA 3aBIaHHS

Metoto poOOTH € MiJBHIIEHHS KOpPO3iiHOT
CTIHKOCTI HIKEJIEBUX CIUIaBIB TEPMIYHOIO 00pO-
Oxoro. Jlnst mocsrHeHHS MeTH OyJM TOCTaBJIeHI
3aB/IaHHS: TPOBECTU JOCIIHKEHHS HEOOXiTHMX
TEXHOJIOTIYHUX  XapaKTePUCTUK, KOPO3iiHOI
CTIMKOCTI Ta CTPYKTYpH CIUIaBiB, BUBYCHHS Te-
PMIUHHX BIUIMBIB y MpOLIECi NalKu HA 3BapeHUi
IIOB 1 IS iMiTallii YMOB BUI'OTOBJICHHS Peasib-
HUX BY3TiB.

BnuiuB peskumiB TepMiuHOi 00po0KHU Ha

KOpo3iliny cTilikicTh 3BapHUX 3’ €IHAHL

Marepianamu JOCHiDKCHHS 00OpaHi: apo-
MIIHMI CIUIaB ayCTEHITHOro kiacy inconel 718
cucremu Fe-Cr-Ni 1 KkoposidHOCTI#KiI cram
12X18H10T i SLS 316L.

Inconel 718 € >xapoMillHUM HiKeIeBUM CILIa-
BoM cuctemu Fe-Cr-Ni i BUKOPHCTOBYETHCS B
pakeTHI TEXHIII JIs BUTOTOBIICHHS COPOYOK
KaMep 3TOpSHHS pakeTHUX ABHUTYHIB, HeTajel

TypOOHACOCHHMX arperariB Ta IHIHX BHPOOIB
BiJINIOBiIaIbHOTO Tpu3HadYeHHs. Lleit crnar 3a-
CTOCOBYETHCSI B [ialla30HI TeMIieparyp Bim —
252,8 °C no 704,4 °C, y XiMIYHO aKTUBHHX ra-
30BUX cepenoBuIax crifikuii 1o + 980 °C.

[Ticns 3BaproBaHHS 3pa3KH-3arOTOBKU 3a Te-
XHOJIOTIYHHM ITPOIIECOM BHUTOTOBJICHHS HAarpas-
JIAJIA HA TANKY.

[Taliky mpoOBOAMIN B IBOX PEXKUMAX!

- "arpiB g0 950 + 10 °C, Burpumka 30 xB i3
MOMEHTY 3aBaHTA)KCHHS B I114, OXOJIOPKSHHS JI0
300 °C 3 mivuro, Aaii — Ha MOBITPI;

- HarpiB 10 1200 + 10 °C, Butpumka 20 xB i3
MOMEHTY 3aBaHTa)KCHHS B Mi4, OXOJOKEHHS JI0
300 °C 3 mivuro, masmi — Ha OBITPI.

Cranb 316L — KOHCTpyKIiliHa KpioreHHa ay-
CTeHiTHa cTanb. Llg crame crilika 10 kopo3ii B
arpeCUBHUX CEPEIOBHUIIAX, & TAKOXK JO OLTBIIO-
cTi 30BHiHIX BruBiB. Ctane 316 L mae Bnac-
TUBICTh 30epiraTH ULUTICHICTH CTPYKTYpH 3a
YMOBH TIiIBUIICHHS Ta 3HWKEHHS TEMITEPaTYP.

[epenik qocmimKyBaHUX MaTepialiB Ta iXHIH
XIMIYHHH CKJIaJ HaBeIeHO B Taom. 1.

PobGoTu, BUIIpOOYBaHHS W IOCIIPKEHHS BU-
KOHYBAJIUCS Ha TPOMHCIOBOMY OOJaJHaHHI.
[Tin yac KOHTPOJIIO, BUMIPOOYBaHb 1 JOCIIKEHb
3aCTOCOBYBAJIMCS THCTPYMEHTH U METOAM Bil-
noBiganx ['OCT a6o OCT, 1m0 BUKOPHUCTOBY-
FOTBCS JJIs )KaPOMIIIHUX CIUIABIB.

TepmooOpoOKka MpOBOJMIIACS B TEPMIiUHIM
CWNTOBIH medi. Imitamis malku MPUITOEM
['"70HX npoBoaunacst 3 MPOXOIXKEHHSIM OBHO-
r0 peXMMY TMalKh 3a TUIOBUM TEXIIPOIECOM,
PEKUMHU SKOi BKa3aHi HIKYE. 3BAPIOBAHHS MPO-
BOJWJIOCS Ha 3BaploBasibHOMY anapati CaHi-2M.

[TinroroBka mix 3BaptoBaHHs. KoxxHa 3aro-
TOBKA TepeJ 3BapIOBaHHIM MPOXOIHIIa Bi3yallb-
HUH KOHTPOJIb Ha HASBHICTH OKHUCHUX ILTIBOK,
3a007H, a TaKOXX KOHTPOJIb TE€OMETPii Ta TepeBi-
PKY MartiTom.

Bigmosigao 1o OCT 92-1152-75 Ge3mocepe-
JHBO Iepes 3BapIOBaHHIM KOXKHY 3BapHY KPOM-
Ky 3auHIaloTh BiJi OKUCHUX ILTIBOK IICIIsA Tep-
MI4HOT OOpOOKH 1 3HEKUPIOIOTH POZYMHHUKOM
tuny «Hedpacy.

Texnonoeisa 36aprosanns. 3BapHi 30ipku Oynu
3BapeHi pYYHUM aproHO-JTyTOBHM 3BapIOBAHHIM
32 PEKUMOM, PEKOMEHJIOBAHUM KOMIIAHI€I0 —
BupooHukoM Nicrofer: I = 140 A, Butparu ap-
TOHy: Ha 3axucT 15 1/ XB, Ha miALyB 51/ XB.

AproH i remiid y mpoueci 3BaproBaHHS B at-
Moc(hepi 3aXUCHHX Ta3iB 3aCTOCOBYBaBcs 1 cop-
Ty (00’emHa yactka aprony — 99,90 %, kucHIO —
0,005 %, azoty — 0,10 %, mapiB Boau 3a yMOBHU
760 mMm. pt. cT. — 0,03 1/ M).
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Tabmuus 1 — XiMivHUIA CKIa]] JOCTIKYBaHUX CILIABIB
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Obpobka 36aproco wiea. I BUAAICHHS
OKHCHOI TUTIBKH 1 KOJIbOPiB MiHJIIMBOCTI TIOBEPX-
HIO 3BapHOTO IBa il KOJOMIOBHOI 30HU 00pOO-
JSUTM 10 TlapameTpa mopcetkocti Rz 40.

Bci 3BapHi 3’€qHAaHHS MPOHILIM PEHTTEHO-
KOHTPOJIb Ha HASABHICTh Je(DEeKTiB 3BapIOBaHHS.

Buznauenns criiikocti nporu MKK. Jloc-
JiKEeHHS 3BapHUX 3pa3kiB civiaB inconel 718 —
HepKaBiloya CTanb Ha CTiikicth mpotn MKK
metogoM «AM» ['OCT 6032-89 — npoBoauiiocst
3 0oky crani. [ToepxHs cram 316L B 30HI 3Ba-
PHOTO IIBa JIOCHTI/PKyBaJlacs B CTaHI IOCTaBKH,
0e3 3a4yMCTKH TOBEpPXHi. PesympTaTé mocii-
JDKEHHS HaBeaeHl B Ta0u. 2.

TpaBieHHS TPOBOAMIM B PEaKkTHBI, IO Mic-
tHB Bomy — 1000 cm®, cipuano-kucmy Mime —
130,0 r, cipy kucmory — 120,0 r. Burpumanu B
IOMY PO3YHHI CiM Ji0 3 MOMEHTY 3aHYPCHHS 3a
ymoBu temmeparypu 20 + 5 °C. Ilicisa 3aBep-
IIeHHS 4acy MOBepXHIo nacuByBaiu B 20 % Bo-
JTHOMY PO3YMHI COAM 1 MPOMWJIHM IUCTHIHOBA-
HOIO BOJIOKO.

Bignorigao no sumor 'OCT 6032-89 3pa-
30K BB@)XA€ThCA CTifiKuM, ko rauomaa MKK
He niepeButntye 0,03 mM. IlinBuieHa TpaBUMICTb
HE € 03HAKOIO Opaky, ajiec BKa3ye Ha CXUIILHICTh
Marepiaiy 10 Koposii (Tabi. 2).

Tabnuis 2 — Pe3yabTaTi TOCTIHKSHHS HA MKKPHCTATITHY KOPO3it0

SJ\:.OM:;' Marepian Pexum T/O T'nmu6ouna MKK, Mmm [Migcymok
132 [Taiika 3a ymoBH
950 °C+ crapinas MKK BincyTHs
STS 316L — = . : V-
inconel 718 [Taiika 3a ymoBH (TiaBUIIIEHA TPABUMICTh Ha TITUOWHY Crilikuii
133 1200 °C+ crapin- 710 0,33 MMm)
Hsl
151 [Taiixa 3a ymoBU 0,24
141 1210°C + cra- 0,17 (mizBUIEHA TPABUMICTh Ha TJIH-
12X18H10T- piHHS 6uny no 0,23mm) AV
; = Hecrilikuii
inconel 718 [Taiika 32 yMOBH . .
. 0,07 (mizBUIEHA TPABUMICTh Ha TJIH-
2 950 °C + crapin- 6
- unHy 10 0,14 Mm)

[IpoBoawin 30BHIIIHIA OIS, a TaKOX
orjsin y mporieci 30umbmieHHs g0 X 200 pasis
MOBEPXHI 3BapHHUX 3pa3kiB i3 Ooky cranmi 316L
IIo TXHIX BUTIPOOyBaHb Ha CXWIBHICTH 10 MKK.
YcraHOBJICHO, IO MOBEPXHS 3pa3KiB i3 BUXIiA-
HOT'0 OOKY CHJIBHO HIOPCTKA 3 HAsBHICTIO 3ariu-
OJIeHb 1 BUCTYMIB IOBracToi Ta oKpyrioi gopmu,

iHIMi Oik 3pa3ka IiciIsT MEXaHIYHOI 3aYMCTKU
TJIaJIKUM, 3JIeTKa IOPCTKUH.

[Tin wac MiKpOJOCIIPKEHHS B IEPETHUHAX BU-
BUeHUX 3pa3kiB yci. NeNe 132, 133 mikkpucra-
JTHOT KOPO3ii HE BUABICHO. 3 TTOBEPXHI HA TJIH-
ouny mo 0,33 MM crnocrepiraiacs MiBHUINCHA
TpaBUMICTh 3epeH (puc. 2). Y mpoueci Ioci-
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JOKEHHS 3pa3KiB IMICII PeKUMY MTalKi B yMOBaxX
1200 °C Gymo BUSIBJICHO, LIO 3pa3KH MEHII CTii-
ki 7o MKK, HiX Ti, SKi IpOWIUIN MalKy 3a Te-
mreparypu 950 °C. IlixBuiieHa TpaBUMICTh 3e-
pen cranmi 316L Bka3ye Ha CXWJIBHICTb CIUIaBY
JI0 MDKKPHUCTATITHOT KOpO3ii, aje He € HOro BH-
3HAYCHHSM.

Puc. 2. IlinBuiena TpaBUMICTh 3epeH MOBEPXHIi
3pa3ka 3 6oky craii 316L, x200

MixkpucTaigiTHa KOpO3is Ha 3pa3kax craii
12X18H10T nokasana Ha puc. 3.

Puc. 3. MixkpucramiTHa KOpO3is Ha 3pa3kax
crami 12X18H10T, x200

Ha pucyHKy 4iTKO BHIHO 30HH KOPO3iifHOTO
BUKPHIITYBAHHS 3€PHA, 1[0 BUSBIISAE HECTIMKICThH
crammi 12X18HI10T go MKK micig maiixkp 3a
ymoBu Temnepatypu 1200 °C.

BucHoBku

[Micns BHCOKOTEMITEpaTYpHUX HATPIBIB CTild-
kictb ipotit MKK 000x cTaneit 3HmKy€eTbCS.

JocnimkeHHs 3BapHHUX 3pa3KiB cIuiaB inconel
718 — HepkaBilowi cTayi Ha CTIMKICTP HpPOTH
MKK — moka3zaiu, 1110 3BapHi 3’€THaHHS CIUIaBY
2.4668 31 cramumo 12X18HI10T 1 31 cranmo 316L
micys HarpiBiB y mporeci Maiky i cTapiHHS B

arpecMBHUX CEPENOBHIINAX 3aCTOCOBYBATH He-
OakaHo.

JlocmimkeHHs 3BapHAX 3pa3KiB cIIaB inconel
718 — nepkaBitoui cTanmi Ha CTIMKICTh TpPOTH
MKK — moxka3zanw, o 3BapHi 3’€THAaHHS CIUIaBY
inconel 718 3i crammo 12X18HIOT i crammo
316L micnsi BUCOKOTEMIIEpAaTYypHUX HAarpiBiB y
MpoIieci MaKu ¥ MoJaNbIIoMy CTapiHHI B arpe-
CHBHHX CEPE/IOBUINAX 3aCTOCOBYBATH HEOAXaHO.

PexomeHmoBaHUN peXUM TMalKH: HarpiB 0
950 + 10 °C, Butpumka 30 XB i3 MOMEHTY 3aBa-
HTa)XEHHS B M4, 0X0JI0keHHs 10 300 C 3 niu-
4r0, Aajii — Ha MOBITPI.

Kontponp sikocti cmaBy inconel 718 meto-
mamu ['OCT, aHanmoriyHMMH 3aCTOCOBYBAaHUM
M Yac KOHTPOJIO KaPOMIIHHUX CIJIaBiB THITY
XH67MBTIO, mnokazamu pe3ynbTaTH, ONH3bKI
JI0O OTPUMAaHUX METOAaMU KOHTpourto 32 ASTM i
AMS. BwusHaueni onTHUMalbHI ~ BapiaHTH
3’€¢lHaHb TiJ Yac PYYHOr'O aprOHO-TYTOBOTO
3BapIOBaHHS BOJIb()PAMOBUM EIIEKTPOIOM.
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Studying the effect of heat treatment modes on
corrosion resistance of welded joints

Abstract. Welded joints with corrosion-resistant
steels and heat-resistant alloys, which require differ-
ent modes of heat treatment to achieve the level of
mechanical properties specified in the design docu-
mentation, are used for the manufacture of parts and
components of the turbo-pumping unit (TPU) and
liquid rocket engine. Heat-resistant alloys are 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.), whose main feature
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 rocket-
ry and jet aircraft, stationary gas turbines, the pump-
ing of oil and gas, hydrogenation of fuel in metallur-
gical furnaces and many other installations. For the

doping of nickel chromium vy-solid solution, several
elements are used, which differently influence the
increase of heat resistance and processability. Along
with the main reinforcing elements (Ti, Al), refracto-
ry elements (W, Mo, Nb) are introduced into the al-
loy, which increase the thermal stability of the solid
solution. Heat resistant alloys are based on cobalt.
Cobalt has a positive effect on the heat-resistant
properties of alloys. The introduction of chromium in
cobalt increases its heat resistance and hardness. In
addition to chromium, alloys containing cobalt in-
clude additives of other alloying elements that im-
prove 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 a
little with the temperature up to 900 ° C and there-
fore become quite high compared to the characteris-
tics of other heat-resistant alloys. A significant
drawback of these alloys is their high cost due to the
costly cobalt. Nickel-based heat-resistant alloys typi-
cally have a complex chemical composition. It in-
cludes 12-13 components, carefully balanced to ob-
tain the required properties. The content of impuri-
ties 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 materi-
als with low content of these elements, because it is
not possible to get rid of them during melting. These
alloys typically contain 10-12 % chromium (Cr), up
to 8% aluminum (Al) and titanium (Ti), 5-10 % co-
balt (Co), as well as small amounts of boron (B),
zirconium (Zr) and carbon (C). Molybdenum (Mo),
tungsten (W), niobium (Nb), tantalum (Ta) and haf-
nium (Hf) are sometimes added. Heat-resistant alloys
are used for the production of many parts of gas tur-
bines in rocketry and jet aircrafts, stationary gas
turbines, for pumping oil and gas products, for hy-
drogenation 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 (—700 °C to —269 °C). Such
alloys are chromium-nickel alloys having an austen-
itic structure. Not only do they have good mechanical
properties that do not change over a large tempera-
ture 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 com-
ponents that are interconnected by various welding
methods. Welded and combined blanks greatly sim-
plify the creation of complex configuration designs.
Improper workpiece design or incorrect welding
technology can cause defects (grooves, porosity, in-
ternal stresses) that are difficult to correct by ma-
chining. Given that finding replacements with multi-
ple materials, working them out in production, and
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investigating interconnectivity during thermal forces
in a product can take considerable time and money,
it would be best to replace one alloy. 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 replace-
ment 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 it is not appropriate to use welded inconel 718
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 al-
loys, namely, from float inconel 718 which meets the
necessary strength characteristics. 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 re-
sistance of steels in stainless steel joints. Quality
control of inconel 718 alloy by GOST methods simi-

lar to that used for the control of X67MBHT type
alloys showed the results similar to those obtained by
the ASTM and AMS control methods.

Key words: heat resistant alloy, corrosion resistance,
intergranular corrosion, welding, structure, solder-
ing, inconel 718.
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