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KOPPO3UWOHHHbIE CBOMCTBA )XAPOMPO4YHbIX CMJIABOB
HA OCHOBE HUKEJIA*

lNpoBeneHs BICOKOTEMTEePATYPHbIE KOPPO3MOHHLIE UCTIbITAHMS XapOrpPOYHOro criiasa Ha HUKe-
JIeBOVi OCHOBE, MPeAHa3Ha4YeHHOro AJ1s JINTbs JI0NaroK ra3oTypOuHHBIX ABUratesei. Pesynbrars
ucenen0BaHnii MokKasasm, 4To pu MoBbILLEHHbIX MPOYHOCTHBLIX XapakTepUCTUKax paspaboTaHHbI
Cr/1aB UMEET CTOMKOCTb K BbICOKOTEMIIEePaTypHOV CO/IEBOV KOPPO3MM Ha YPOBHE, TpeByeMoMm pe-
[NIaMEHTHBLIMU [JOKyMEHTaMmy. Takovi KOMIIEKC CBOVICTB MOBbILLIAET 3 (PEKTUBHOCTb NPOU3BOACTBA
paccmartpuBaeMsix geTanesi npu Ucrosib30BaHnm paspaboTaHHOro criasa.

KnioyeBble csioBa: XaporpoYHbivi Crisias, BbICOKOTeMriepartypHas coJieBasi Koppo3wus, jiornarka
rasorypﬁm—u—toro AaBurareris.

lMpoBeneHo BucokoTeMrnepaTypHi Kopo3iliHi BUnpobyBaHHS XapOMILHOro criiaBy Ha Hikenesii
OCHOBI, SIKWI BUKOPUCTOBYETHCS U151 INTTS J10NATOK ra3oTypPOIHHUX ABUIYHIB, B CO/TbOBOMY PO3YUHI.
Pesynbtat BunpobyBaHb rnokasasu, LLO rpu MiagBULLIEHUX MILHICHUX XapaKkTepucTnkax pospobie-
HWV crijlaB Mae CTIVKICTb 40 BUCOKOTEMIIeparypHOi COJIbOBOI KOPO3ii Ha PiBHI, SKUV BUMararTh
pernameHTi OKYMEHTU. Takuii KOMMIeKC BAacTUBOCTEN MiaBULLYE eDEeKTUBHICTb BUPOOHULTBA
ZeTanel, 1o po3rsaarThbCs, NPy BUKOPUCTaHHI po3pob1eHOro criiasy.

Knio4oBi cnoBa: xapomiuHuvi crnaaB, BUCOKOTeEMepaTrypHa c0JibOBa KOpPO3is, sornarka
rasotyp6iHHOro ABUryHa.

High-temperature corrosion tests in saline solution of superalloy which are based on nickel, were
conducted. Itis used for casting of gas turbine engine blades. The results of these tests have shown
that at elevated strength characteristics of the developed heat-resistant alloys has a resistance to
high-temperature salt corrosion at the level required by regulatory documents. This combination
of properties increases the efficiency of production of parts under consideration using developed
superalloys.

Keywords: heat-resistant superalloy, high-temperature saline corrosion, blade of gas turbine
engine.

CBSI3N C MHTEHCUBHbLIM PasBUTMEM MPOM3BOACTBA ra3oTypOUHHbIX ABUratenei B

YKpavHe nepcrnekTUBHLIM SBJISETCH CO34aHue HOBbIX MaTepuasioB, KOTOPbIE UC-
Nonb3yTCs AN N3roTOBJIEHMS IONATOK ra30TypOuHHbIX asurateneit (ML) v cnocobHbl
paboTaTtb Npu BbICOKMX TeMnepaTtypax. Kpome Toro, crnnasbl Takoro Tuna goMKHbI UMETb
MOBbILLUEHHYIO KOPPO3NOHHYIO CTOMKOCTb B BbICOKOTEMIMEPATYPHbIX CONEBLIX cpenax. B
CBSI3U C 3TUM, Lefbio paboTbl ObIIO UCCIef0BaHNe B3aUMOLENCTBUS MaTepmnasos fo-
NMaToK C Pas/iNYyHbIMU arpPecCUBHbLIMU CpeaamMu.

MN3BECTHO, YTO BbLICOKOTEMIMEPATYPHYIO KOPPO3UMIO MOXHO paccMaTpmsBaTb C TOYKU
3peHuns xapaktepa BO3OENCTBUSA ocaxdaemblx conen. NocnegHmne, B 3aBUCUMOCTM OT
TeMnepaTypHbIX YCOBUIM paboTbl ra30TYpOUHHbIX ABUraTeneii u npuMeHseMbliX TOMnB,
MOTMyT HaXO0OUTbCS B TBEPAOM U XNAKOM COCTOAHUAX. OnNbITHbIE AAHHbIE, MOJly4EHHbIE
npwv nccnefoBaHnm 10NaTok Nocne PasandyHom oanTeNbHOCTU UCTIbITAHWA, NPU KOTOPbIX
Habn4anoCh OCaXAeHWE COMel, NoKasblBaloT, HTO NPOLLECC BbICOKOTEMMNEPATYPHOM
KOPPO3u1KM NPOTEKAET CO CKOPOCTAMM, BANIKUMU NN HECKOJBKO NPEBbILIAILWLNMUN CKO-
pOCTb 06bIYHOIO OkucneHus [1, 2].

* ccnepoBaHms NpoBOAUAUCH NP ydacTumr coTpyaHukoB MM HIMNTK «3opsa-MawnpoekT»
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3anocnegHue pecarnnetus B ctpaHax CHI™ v B YkpanHe pa3paboTaH uenbii psag, crnia-
BOB 191 AeTanen ra3oTypouHHbIX ycTaHOBOK (I TY), Takux kak SMUN-3Y, LUIHK-21(PK), LIHK-
7, XCKC-LUHK, UHK-8(MK) n 1. n. [2]. 9T cnnaBbl, mMaBHbIM 006pa3oM, NpeaHa3HavyeHbl
0151 TONaTOK CTaUMOHAPHbIX aHepreTudeckmx MY, B KOTOPbIX TEMMEpPaTypa ra3a Ha BXoae
B TypOuHy coctasnseT 750...950 °C, 4To 3HaYMTEsNIbHO HUXE, YeM B aBUALMOHHbLIX T/,
a pecypc aomkeH ObiTb Bbilwe 20...50 ThIC. 4 B yCNOBUSAX KOPPO3MOHHO-aKTUBHbIX Cpes,
TO eCTb COMEBON N ra30BO KOPPO3mn. B aTnx KOMNO3muusax Xxpom yeenuyeH oo 12-16
% npu cooTHoweHun [Ti]/[Al] = 0,7-1,0 n cymme (W + Mo + Ta) =6,5-11,0 %, kucnopon,
He 6onee 8-10 ppm, cepbl — 00 6-7 ppm. JlonaTtkn U3 3TUX CNJIABOB NOJy4aloT BO BCEX
TPEX CTPYKTYPHbIX BAPUAHTaX: MOHOKPUCTaINIMYECKOM, PABHOOCHOM U HanpaBieHHOM
kpuctannmzaumn. OgHaKko BblLLeNepeYnCleHHble CnaBbl, B OCHOBHOM, NPeaHa3Ha4Y€eHbI
Ans paboTbl B YCNOBUSIX UCMOMb30BaHMS YMCTbIX BUOOB TOMMBA U HE COOTBETCTBYIOT
TpeboBaHMSIM CTOMKOCTU K COJIEBON KOPPO3UN.

lMepcnekTrBHbIM AJ19 AAaHHOr0 Kacca CrniaBoB SBNSETCS BBEAEHNE B HUX TAKUX Ty-
ronjiaBKnX 3IEMEHTOB Kak PEHUI 1 TaHTasl, KOTOPble CNOCOOCTBYIOT, COMIaCHO aHanu3y
nitepatypsbl [1, 2], HE TONBbKO NMOBbLILLEHNIO TEMMNEPATYPbI NJIABNEHNS CMITABOB U, Kak cneg-
CTBME, BO3pacTaHMIO NPOYHOCTHbIX CBOMNCTB, HO, 3amMeanasa anddy3rnoHHbIe NPOLECChHI
B MaTpu1Le, TOPMO3AT KOPPO3NOHHbIE Pa3pyLUEHUS.

Ncxops na atoro, npu ydactum GUsnko-TexHONOrM4yeckoro MHCTUTYTa MeTanioB
n cnnaeoB HAH YkpaunHbl (PTUMC HAH YkpauHbl) uenblo NPpOBOAMMbBIX B HacTosILLEE
BpemMs paboT Mo oNTUMMN3aLMM NIEMMPYIOLLMX KOMIIEKCOB XaponpOoYyHbIX CMN1aBoB ABIS-
JI0Cb MOBbLICUTb VX CTOMKOCTb K BbICOKOTEMIMEPATYPHOW CONEBOMN KOPPO3UN. IchbITaHNA Ha
BbICOKOTEMIMEPATYPHYIO COJIEBYIO KOPPO3UIO pa3paboTaHHOro Crnsasa, fasnee MMEHyeMbIi
MOAesbHbI (XMMUYECKUIA COCTaB NpeacTaBneH B Tabn. 1, obpasupl 71, 2), NnpoBOAVANCH
CpaBHeBasi ero C 1CMnoJib3yeMbIMU B HACTOsILLEE BpeMsi crniaBoB Mapku CM88Y (obpasupl 4,
5), )KC32 (obpasewy, 10) n CAM-3A (obpasupl 7, 8) [3-5]. Mpruém nocneaHuin NCNONbL3YOT B
Ka4yecTBe 3aLLMTHOro nokpbITUa anga nonatok M.

Lng n3yyeHns KOPPO3MOHHbIX CBOMCTB UCMOJIb30BaM NUTble 06pa3sLbl, KOTOPbIE He
noAaBepranm MexaHM4eckom u TepMnyeckor obpaboTke.

O6pasupl cnnasos CM88Y, CAI-3A 1 MmoaenbHbIl cniae umven GopMy UUIMHOPOB
aovameTpom 8 MMm. Pasmepbl 06pa3uoB onpenensnm ¢ nomousto MukpomeTpa MK 50-1
C TOYHOCTbIO A0 +5 MkM. O6paseu, cnnaea XXC32 6bin Bbipe3aH U3 cTaHAapTHOM aeTanm
1 umen Gopmy NIacTUHbI.

Ta6nuua 1. CoBpeMeHHbIe XXapornpo4Hbie cnaBbl Anas nutux getanei N4

XumMuueckuii aaemenr, %mac.
Cmas
Ni C Cr | Co | W Mo Ti Al Nb
Monere- | ommoir | 0,06 | 132 | 769 | 639 | 125 |262| 333 | 031
HbIU CIIJIaB
CMS8SY Ocrosroii | 0,06 | 159 | 11,0 | 53 1,9 46 | 3,05 0,2
CJIII3-A 22-24 | Oc. 11-13
JKC32 Ocuosmoit | 0,45 | 50 | 93 | 2-10 | 0550 | - | 4580 | 1,5-5,0
MpoponxeHue Tadbn. 1
XuMu4ecKHii 3J1eMeHT, %Mac.
Cuias
Si Re Ta B Y Zr Mn P S Fe
Monems- 1o 63 | 350 | 275 | 0,015 0,003 | 0,001 | 0,012 | 0,006 | 0,06
HBIUN CIIJIaB
CM88Y | 0,03 | - - 0,08 0,03 | 005 | 0001 | 0,012 | 0,006 | 05
CJIIT3-A 0,2-0,5
JKC32 40 | 40 |0,01-0,30 -
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BHeLWwHMIn BUA M MUKPOCTPYKTYpa CrniaBoB, KOTOPbIE NOABEPraiMcb KOPPO3MOHHOMY
BO34ENCTBUIO, NpeacTaBieHbl Ha puc. 1, 2.

CtpykTypa obpasuos cnnasos CM88Y, mogenbHoro cnnaea, CAM-3A — nonukpuctan-
nnyeckas, a )XC32 — MOHOKpuUcTannnyeckas.

1.00 mm

B

Puc. 1. BHewHnin B1ua, 06pas3LoB B UCXO0QHOM COCTOSIHMMN: a — obpasel, cnnaBa CM88Y;
6 — obpaszeL, MoaensLHOro cnnaea; B —obpasel, cnnasa CAMN-3A; x4,7

Mcecnenyemble MaTepuanbl 00€3XXMpUBa NyTEM TPEXKPATHOMO MPOMbIBAHWS B 3TUJI0-
BOM CNMPTE NN aueToHe. Nlocne 3Toro Ux cyLmnu Ha Bo3ayxe B TedeHune 20 MyH. 3aTem
B3BELLUMBANN Ha aHanuTn4eckunx secax BJ1IP-200 ¢ TouHoCTbio £0,0002 . B npocyLUeHHble
KOPYHAOBbIE TUMNW NMOMELLANN BEPTUKASIbBHO MeTanmnyeckme obpasupl 1 3ackinanu go-
BEPXY «Ha KOHYC» cmechblo conert 25 % NaCl + 75 % Na,SO,. KonmyecTso AaHHOM cmecu
(Q) paccunTbiBanu no dopmyne [6], r:

Q=h-p(5,-5), (1)

roe i — BblcoTa pacniasa Coun, CM; p — MIOTHOCTb COnu, r/cM® (AN AaHHOW cMecu
p =2,5r/cm®); S, — nnouiaab BHyTPEHHEro CeHeHuns Tnrms, cm?; S — obLwas niowasb no-
BEpPXHOCTM obOpasua, CM2.

Turnu ¢ obpasuamy NoMeLLann B MeTaINIMYECKMN KOHTENHEP C KPbILLKOW, KOTOPbIN
M3roTOBJIEH N3 XapOoCcTolkoro cnnaea Tuna XHE60BT (31 868).

McnbiTaHua nposoaunu npu temnepatype 900 °C B pacnnase coneli B TedeHme 30 4
B neuym conpoTtmenenus tTuna CHOJI-2,5.1,6.1/9. MNMocne aTtoro o6pa3supl u3snekann n3
pacnnasa COJiei C MOMOLLbIO MMHLUETA U MHOTOKPaTHO NPOMbIBaNV Nog, NPOTOYHOM BO-
00N, a 3aTEM KUMATUMM B TEPMOCTOMKUX CTakaHax aJ1g OTAeNeHNs OKaNWHbl U COJMN C UX
noBepxHocTW. MonHoe yaaneHne okannHbl ¢ 00pa3LLOB NPOBOAMAN B pacriaBe CoNen:
70 % NaOH, 25% NaNO,, 5 % NaCl npu temnepartype 450 °C, B Te4enune 1,5 4. MNocne
3TOro BbIHUMANM N3 TUMMEN, OXnaxXaann U NPOMbIBaNIN PACTBOPOM KalbLIMHMPOBAHHOM
coabl (Na,CO,). OkoHyaTesIbHOE CHATUE OKCUAHOMN NNEHKM C NMOBEPXHOCTM 06pasLoB
npoxoamnio B pacteope cneaytouwero cocrasa: 20 % H,SO,; 1,5 % HNO,; 2,5 % NaCl,
OoCTanbHOe — AUCTUNIMPOBaHHas Boaa. locne aToro obpasubl Cywmnmn, o6e3xmpmaanm
1 B3BeLwBann. CTOMKOCTb CMJIaBOB K BbICOKOTEMMNEpPAaTypHOI coneroi koppo3sun (BCK)
onpeaensnm Ha OCHOBaHMM NOTEPU MaCChbl M JaHHbIX MeTannorpaduieckmnx nccrenoBa-
HUI (ryOunHa pacnpocTPaHEeHNs KOPPO3UnU B MeTas).
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Puc. 2. MyukpocTpykTypa CniaBoB pas3nn4yHOro coctasa Ao ncnbiraHnin, x 90

BHewwHWIn B1A 06pasLoB Nnocie KOPPO3MOHHBIX UCTbITAHWIA NPeaCcTaBieH Ha puc. 3.
[na pacyéta ckopoCTy KOPPO3nKM UCMONb30BaIN N3BECTHYIO dopmyy [7]:

V.= Am/Sx, (2)

rae V., — cpeaHsisi CKopoCTb KOppo3uu, Mr/CM?4; Am=m,—m, ; m,— Ha4anbHasa macca 06-
pasua, Mr; m_—Macca obpasua nocse UcnblTaHuii, Mr; S — obLias nioLuaib noBePXHOCTH
obpasua, cM?; T — BpeMs BblOSPXKKU, Y.

[abapuTHOE YTOHEHNEe MeTanna, To eCTb MyOMHY BHELLHEN KOPPO3un, onpeaensnv
NMoJslypasHOCTbIO HAYaIbHOr0 M KOHEYHOr 0 AnaMeTpoB obpasua:
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(d,—d)/2, (3)

raoe d,— Ha4anbHbI anameTp obpasua; d_— anameTtp obpasua nocne UCMbITaHuiA.
MybuHY BHYTPEHHEN KOPPOo3umM Mo rpaHuLLamM 3epHa /i, MKM, Onpeaenann MeTanno-
rpadunyeckmm NyTém, ycpenHsasa pesynstatbl uamepeHuii no 30 nonam 3perHus (tadn. 2).
O6pa3subl cepuiiHoro CM88Y 1 MmoaenbHOro cniaBoB NokKasasnn BbICOKYH CTOMKOCTb K
COJIEBOW KOPPO3U1KM N0 cpaBHeHMO co cnnaBomM XKC32. Ha nx noBepxHOCTN 06pa3oBasnach
Ma0THasa Kopka, cocTosuwasa n3 okcnaos (puc. 3), a Ha noBepxHocTn XC 32 — pbixnas
NAEHKA, YTO 1 B UTOrE NPUBEJSIO K O4EHb 3HAYUTESNIbHOM NOTEPE MACChl.

1.00mm

Puc. 3. BHewHwnit Bua, 06pasyoB nocne KOPPO3MOHHbLIX UCMbiTaHui: 1 — obpasel,
Ne 1 (cnnaB CM88Y); 2 — o6paseL, Ne 4 (MoaenbHbIli cnnae); x 6,7

[My6GrHY KOPPO3MOHHBIX MOBPEXAEHNIN MOBEPXHOCTU UCCIEAYEMbIX 00Pa3LLI0B N3yyanm
C nomoLubio ontuyeckoro mukpockona Neofot-3M. 30HblI BHYTPEHHUX KOPPO3UOHHbIX
NoBpeXAEHUI NPeaAcTaBneHbl Ha puc. 4. CTpykTypa NOBEPXHOCTHOIO Clos 06pasLoB
MoOenbHOro crniasa aHanornyHa cnnasy CM88Y. Kpome rnybunHbl pPOoHTaNIbHOM KOPPO3nUn
Oblna NpoBeaeHa OLLeHKa NPOHMKHOBEHNS KOPPO3UM BAOb rpaHuy, 3épeH. Crninas CM88Y
1 MOJENbHbIN CMJIaB NOKasanm CoM3aMepumMblie pedynbtaTbl. KOppo3rnOHHOE NOBpEXOEHNEe
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obpaset, Ne 2 O6paseL, Ne 5

Puc. 4, a. Koppo3noHHoe noBpexzaeHne Puc. 4, 6. KOppo3nOHHOE NOoBpeXaeHMe
noBepxHoCT! 06pasuos crnasa cMmsgy NMoBEpPXHOCTN 06Pa3LLI0B MOAENBHOIO Criia-
Nnocsie KOPPO3UOHHBIX UCMbITaHW, x90 Ba NOCJIe KOPPO3MOHHBIX UCMbITaHUI, x90

100.00

06pa3eu, Ne 7 06p33eu Ne 8
Puc. 4, B. Koppo3noHHOE noBpexaeHne noBepxHocTn obpasuos cnnasa CAM-3A
nocrie KOPPO3MOHHbIX UCMbITaHNM, x90

BOOJb rpaHumL, 3épeH cocTasnaeT 0,15-0,25 mm, B cpeagHeMm, ans obomx cnnaeos. [Mpu nc-
cneaooBaHUM OKaIMHbI CMJTaBOB OOHAPYXWAW, YTO B HE, HApsSay C 3aLUTHLIMWU OKCUAaMU

NiO un Cr,O,, npucyTcTByeT Takxe Gonee Tyronnaskuii okcug, Ta,0,.

BbiBOAbI

AHanns pesynbTaToB UCMbITAHWIA NOKasars, YTO BBOA TaHTaNa U peHusl B KOIMYecTBe
1 %mac. u 6onee, CHMUXaET kKakK yOblsib Beca, Tak U ryOrHy 30Hbl GPOHTASIBHOM KOPPO-
31K, KOTopas 4OCTMraeT MUHUMYMa NPU erMposaHnu matepuana 3,5-5,0 %omac. aTumn
aneMeHTamu.
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