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OCOBEHHOCTHU CTPYKTVYPBI 1 ®A30BOI'O COCTABA MATEPHAIJIA,
[NTOJIYYEHHOI'O BBICOKOCKOPOCTHBIM ITPAMBIM JIASEPHBIM
BbIPAIIUBAHUEM HUKEJIMEBOI'O CIIVIABA

B cratee paccMoTpeHbl XMMHYECKHW W (Da30BBI COCTAB HMCXOJHOTO
MaTepuaia, a TakKe CTPYKTYpHbBIE OCOOEHHOCTH 00pa3L0B U3 CIUIaBa HA OCHOBE
HUKEJS, BBIPAILIEHHBIX HA YCTAHOBKE BBICOKOCKOPOCTHOI'O IMPSMOIO Ja3€pHOIO
BBIDAlIMBAHUS TPHU PA3JUYHBIX IapaMerpax. MarepuasoM BBIPAIIMBAHUS
ABIsICS Topowok cucteMbl Ni—Cr—Mo, mHMpoko NpUMEHsSEMbIi B aBua-
CTPOEHUMU.

Knrouesvie cnosa: BBICOKOCKOPOCTHOE IIPSAMOE JIa3€pPHOE BbIpaAlllMBaHUE,
MHUKPOCTPYKTYpa, HUKEIJIEBBIE CIUIABBI.

M. V. Rashkovets, O. E. Matts

FEATURES OF STRUCTURE AND PHASE COMPOSITION OF THE
MATERIAL OBTAINED BY HIGH-SPEED DIRECT LASER
CULTIVATION NIKEL ALLOY

The paper discusses the chemical and phase compositions, and structural
features of the samples of Ni-based alloy, obtained on installation of direct laser
method deposition at the different operating parameters. The initial deposition
material was powder with Ni-Cr—Mo system, which has a wide application in
aeronautics field.

Keywords: direct laser method deposition, structure, Ni-based alloys.

HHTepec K TEXHOJIOTUU TPSIMOTO JIA3€PHOTO BBIPAIUBAHUS 3HAUUTEIHHO
BbIpoc 3a mocneanue 10 met. Ilpomecc dhopmupoBanusi neTanu OTHOCUTCA K
aTATUBHBIM TEXHOJIOTHSAM 1Mo MeToAy direct deposition, mpu MCHOIb30BaHUN
KOTOPOT'0 BO3MOXKHO (hOPMHUPOBAHKE JACTAIN C IPaJMEHTHBIMHU CBOicTBaMu [1].
[lorepy wmarepuasia npu NOPOU3BOACTBE M MOCHEAYIOUIEM MEXaHUYECKON
0o06paboTke MuHMManbHBL. CriaBel Ha OcHOBe HuKens cuctembsl Ni—Cr—Mo
00J1a]al0T BBICOKOM KOPPO3MOHHOM CTOMKOCTBIO B IIMPOKOM JHMAaria3oHe
arpecCUBHBIX Cpel, a TakKe BBICOKUMH TPOYHOCTHBIMH CBOWCTBAMHU U
YKApOIPOYHOCTHIO, TOATOMY H3JCIHS, TOJyYCHHBIE IO JAaHHOW TEXHOJIOTHH,
MMEIT WHUPOKOE NMPUMEHEHUE B aBUALMOHHOM, PAKETHON U CYJOCTPOUTEILHON
MIPOMBITIUICHHOCTH.
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[enpio maHHOW pabOTHI SABIAETCS WM3YyYEHUE OCOOEHHOCTEW CTPYKTYpHI
u ¢aszoBoro cocraBa o00pa3loB, CHOPMUPOBAHHBIX MPAMBIM Ja3epPHBIM
BBIPAI[MBAHUEM IOPOILIKOB Ha OCHOBE HHUKEIS, MPHU PA3IMYHBIX MHapamerpax
paboueill ycTaHOBKH. BBICOKOCKOPOCTHOE MpsSMOE Jia3epHOE BbIpalllMBaHUE
ocyiecTBsuioch Ha yctaHoBke Erlaser Weld (kadenpa «Ceapka u ja3epHbIC
TexHosorun», Cankr-IlerepOyprckuii rocy1apCTBEHHBIM MOJUTEXHHUYECKHIA
YHUBEpCUTET). B mponecce ocaxaeHus M3MEHsIach MOIIHOCTH Jia3epa B JIU-
anasone or 250 mo 1500 BT, ocranmpHble mapameTpbl, TaKUE KakK IAAMETP
Ja3epHOr0 ISATHA, CKOPOCTh CKAaHWPOBAHUS, CKOPOCTh IOJA4yH MOPOIIKa,
OCTaBaJIMCh HEM3MEHHBIMU (Ta01. 1).

Tabnuua 1
[TapameTpsl paboyeil ycTaHOBKHU
CxkopocTb
CxopocTb nospauu Juamertp s1azepHOro
MomntHocts s1a3epa, Br | ckanupoBanus,
MOPOIIKa, T/MUH IISITHA, MM
MM/C
250
500
750 1,2 45 1,2
1000
1500

XUMUYECKUI  aHaIM3 HCXOAHOTO  TOpOIIKa ObUT  OIEHEH Ha
sHeprojaucnepcuonHoM aHanuzatope EDAX. WccnenoBanune wopdoaoruu
UCXOIHOTO MOPOIIKa MPOBOIUIM Ha PACTPOBOM IJIEKTPOHHOM MuKpockore Carl
Zeiss EVO 50 XVP. ToHKyI0 CTPYKTYpPYy MCCIACIOBAIM C HCIOJb30BAHUEM
METO/Ia TIPOCBEUMBAIOIICH AJIEKTPOHHONW MHMKPOCKONMHMH Ha MHKpockore FEI
Tecnai 20 TWIN. ®a30Bblii aHaIUW3 HMCXOJHOTO MOPOINKA M TOJYYCHHBIX
MaTepHuayioB MPOBOJINUIN Ha peHTreHOBCKOM audpakromerpe ARL X TRA.

HcxoHbIN TTOPOIIOK MMEET CIICAYIOIINEe BECOBbIe Mporopiuu: 58,5 %
Ni, 21,78 % Cr, 10,88 % Mo, 3,87 % Nb. Cpennuii pa3mep 4acTHI] IOPOIIKA
coctaBiisier 123 MkMm. PenTreHoda3oBbIii aHaIW3 TMOKa3aj, YTO MCXOJHBIN

MaTepuall MpeCTaBIIsIeT COO0M TBEP/IbIM pacTBOP HAa OCHOBE HUKEIS (puc. 1).
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CTpyKTypHBIE HCCIEIOBAaHMSA MaTepuaia BbIPAlIEHHBIX 00pa3loB
MOKa3aJld HaJIW4Yue JICHAPUTHOW CTPYKTYypbl. B MponoibHOM CedYeHHH
OTHOCUTEIFHO JIA3€PHOT0 M3JIyYEHMs B Mpejeiax OJAHOrO BBIPAIIEHHOIO CIIOS
(oHOTO TMPOX0/a) MOKHO BBIACIUTH JIBE OOJACTU: 00JIaCTh CTOJIOYATHIX
KPUCTAJUIOB B HIDKHEW YacTH M JIMCIIEPCHYIO OOJIaCTh B BEPXHEH 4YaCTU CIOS

(puc. 2).

JucnepcHasi 1eHApUTHAS
CTPYKTypa

30Ha CTOJI0YATHIX
KPHCTaJLJIOB

Puc. 2. PacnpeneHeHI/Ie 30H BbIPALICHHOI'O CJIOsA

Taxxe B MUKPOCTPYKType 00pa3loB ObUIM OOHApPY>KEHbI HE MOJHOCTBIO
pacIulaBUBILMECS YaCTUIBI UCXOJHOrO Marepuana (puc. 3), pacHoJiOKEHHbIE
OTHOCHUTENILHO TOJJIOKKM B BepXHeH uactu oOpa3ua. JlaHHblE YacCTHIIbI
SBISUTUCH IEHTPaMU KPHUCTAJUIM3AIMA TPU 3aTBEPACBAHUN OKPYKAIOMIETO HX
maTtepuana. TakuM oOpa3oMm mpoxojuia o0beMHas KpHCTaIU3alMsl CIlIaBa,
dbopmupyoLIas MOCIOHHYIO CTPYKTYPY.

VBenuueHne MOINIHOCTH Jia3epa BEIeT K POCTy CTEHKH 00pasioB.
AHAIOTHYHBIN MpoIecC HAOIIOMACTCS U 110 TOJIIMHE OTIEIbHO BBIPAICHHOTO
crost [2]. Takas 3aBUCHMOCTH 3apUKCHpOBaHa IJisi OOpA3IlOB, MONYYCHHBIX B
OmMCaHHbIX B Tabm. | pexumax BblpanmBanus. OJHAKO  COTJIACHO
JIATEPATypPHBIM HCTOYHHKAM CYIICCTBYET MPEACIbHOE 3HAYCHHE MOIIHOCTH
Jazepa, OTHOCHTEIBHO KOTOPOTrO POCT CTEHKH HE 3aBHCHUT OO UMeeT 00paTHO
HPOMOPIHOHATFHYIO 3aBUCUMOCTh OT MOIITHOCTH Jia3epa [3].
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[Ipu w3ydeHuun 0Opa3lOB C HCIOJB30BAHHEM TPOCBEUHUBAIOIICH
AJIEKTPOHHONH MHKPOCKOMUHU OBUTA BBISBICHBI YacTHUIBI (puc. 4), XUMUYCCKUI
aHallM3 KOTOPBIX CBHUJAETEIHCTBYET O TOM, YTO OHHU SIBISIOTCSA CIIOKHBIMH
kapOugamu (Tabn. 2). DneMeHTaMu, OOpa3ylolMMU KapOuja, COTJIACHO
xuMmuueckomy aHanmusy sistorcs Nb, Ti, Mo m W. Xumudeckuit anaam3
OCHOBBI TIPEJICTABIICH B TaOJI. 2.

Puc. 4. Kapbugnast yactuia B MaTepuaie, BHIPalleHHOM
IIPY MOIIHOCTH JIa3epHOro nusityueHus 450 Bt

Tabmauma 2
XHUMMYECKUM aHaIN3 YaCTHULbI U OCHOBBI
OO6nacThb XUMHUYECKUH dJIEMEHT, Bec. %0
aHajam3a C 0] Ni Ti Cr Co w Nb Mo
Yacruna 25 1,4 1,2 17,8 1,5 0,7 18,9 219 |88
OcHoBa 3,1 19 55,6 2,7 10 14,4 5,7 1,2 53

B nanbHeilieM MmiaHUpyrOTCS MOJAPOOHBIE HMCCIEIOBAHUS MOJYYEHHBIX
00pa3LoB ¢ UCMOJIb30BAHUEM MTPOCBEUHMBAIOLIEH AJIEKTPOHHON MUKPOCKOIIHUH.
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