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ABSTRACT

Brazing filler metals based on nickel, containing chemical elements, namely depressants, such as boron,
silicon, beryllium and zirconium, are widely used for brazing heat-resistant nickel alloys. Brazing filler metals
containing boron and silicon, on the one hand, provide for good wetting of material being brazed and spread over
it, and, on the other hand, form fusible brittle eutectic compounds in brazed weld and near-to-weld base metal
zone. It deteriorates mechanical properties of the brazed joints at long-term operation under conditions of
elevated temperature. Temperature of melting of nickel brazing filler metals can be reduced by means of
application of germanium as a depressant, having higher solubility in nickel in comparison with silicon.

Germanium, which reduces alloy melting temperature interval and is characterized by limited solubility
in nickel and palladium, was used in this work as depressant for brazing filler metals based on Pd-Ni-Cr system.
The brazing filler metals of this system can be used for brazing of structures from nickel alloys, including
intermetallic ones, being operated for long time under atmospheric conditions that can result in corrosion
processes appearance. It is difficult to evaluate corrosion resistance of the brazed joint, which is provoked by
presence of brazed weld of insignificant thickness (50-70 pum). In this connection, evaluation of corrosion
resistance of the base metal and brazing filler metals (in initial state) were done at the first state. Method for
measurement of potentials of 3% NaCl solution drop corrosion, developed at the E. O. Paton Electric Welding
Institute, was used for investigations. Nickel heat-resistant alloy based on Ni3;Al was used as a base material and
brazing filler metals of different alloying system, containing boron, silicon and germanium as depressants, were
also applied. Carried comparative investigations of corrosion resistance showed that the most negative values of
potential are typical for intermetallic nickel alloy based on Ni3Al. Corrosion potentials of alloys, containing 1.5
and 3% of Ge, are approximately the same, their values are within the measurement error limit, i.e. - 0.314 V and
-0.309V, respectively. Metallographic and micro X-ray investigations showed that increase of Ge depressant
concentration in alloy of Pd-Ni-Cr-Me-X% system from 1.5% to 5% provokes for rise of amount of palladium-
based phase, enriched by germanium and values of corrosion potentials are shifted in the area of more positive
values from - 0.314 V to - 0.0001 V, that indicates rise of its corrosion resistance.

KEY WORDS: brazing filler metal, alloys on the basis of Ni3Al, microstructure, high temperature
brazing, potentiometry, corrosion.

BBEJIEHME

Jnia mafiky sKapoNpOYHBIX HUKEIEBBIX CIIJIAaBOB IIMPOKO MPUMEHSIOTCS MPHUIION Ha OCHOBE
HUKEIs, COIepKallie XUMHUECKHE DJIEMEHTBI — JISNPECCaHThl, TaKHe Kak 00p, KpeMHUH, OepuILInid,
nupkonuid. [Ipumoun, conepkamiue 60p U KpeMHHUH, C OMHONH CTOPOHBI, XOPOIIO CMAaYHBAIOT TaseMBbIit
METaJUl U PAcTeKaloTCs MO HEMY, C APYTOoi CTOPOHBI, 0OPa3yloOT JIETKOIJIAaBKHE XPYNKHE IBTEKTH-
YecKHe COEJMHEHUS B MasHOM IIBE M B MPUTPAHUYHON K IIBY 30HE OCHOBHOTO METajlla, YTO yXYI-
IIaeT MeXaHU4eCKHe CBOMCTBA MasHbIX COENWHEHHH MpH UINTENbHON AKCIUTyaTallid B YCIOBUAX I10-
BBIIIEHHON TemmepaTypsl [1, 2]. JlocThub CHMXKEHHS TeMIlepaTyphl IUIaBJICHUS HUKEIEBBIX MPHIIOEB
MOXHO MyTEM TPUMEHEHHs B KayecTBE JICTPECCaHTa TepMaHus, KOTOPBI UMeeT OONBIIYI0 PacTBO-
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PHUMOCTh B HUKEJIE 110 CpaBHEHHIO ¢ KpeMHueEM [3, 4].

B nanHo#i paboTe B KadecTBe JempeccaHTa Julsl Mpumos Ha ocHoBe cucteMbl Pd-Ni-Cr-Me
WCIIOJIb30BAIN TePMaHHii, KOTOPBIH CHIDKAET TeMIIEpaTyPHBI HHTEPBAII TUIABJICHUS CIIJIABOB M Xapak-
TEpU3YeTCsl OrPAaHMYCHHON PacTBOPUMOCTBIO B HUKENE W Naiiaguu. [Ipurnon JaHHON CHCTEMBI MOTYT
WCIIONB30BATHCS JUTS AMKK KOHCTPYKIMI M3 HUKEIEBBIX CIUIABOB, B TOM YHCIIE HHTEPMETAILTHIHBIX, IKC-
TUTyaTHPYIOIIMXCS IUTEIBHOE BPEeMsI B aTMOC(HEPHBIX YCIOBUSAX [S]. OLCHUTh KOPPO3UOHHYIO CTOHKOCTh
MasHbBIX COSAUHEHHIA CII0XKHO, YTO 00YCIIOBJICHO MAJION IMUPUHON HastHbIX 1IBOB (~ 50...80 Mxm).

W3 nmutepaTypHBIX UCTOUHHKOB M OIBITA SKCIUTYaTAllMU TAasHbIX KOHCTPYKIIUKA M3BECTHO, YTO
JUTSL OKCTIPECC-OIEHKH 3JICKTPOXUMHUYECKOW HEOJHOPOTHOCTH COCMHEHUH I1eiecoo0pa3Ho ompese-
JISITh TMOTEHIIMAT KOPPO3UH OCHOBHOTO MaTepHalia v IPHIIOsL.

Lenps paboThl COCTOSUIA B MPOBEICHUH CPABHUTEIBHBIX MCCIEIOBAHUN MOTEHIIUAIOB KOPPO-
31U cruiaBa Ha ocHoBe NizAl (OCHOBHOTO Matepuania) U HUKEJIEBBIX PHUITOCB Pa3HBIX CUCTEM JIETHPO-
BaHUS, COJCPKAIINX B KAYECTBE JACMPECCAHTOB OOpP, KPEMHUI, TepMaHHUii.

SKCIIEPUMEHTAJIBHBIE PY3YJIbTATBI U UX OBCYXJIEHUE

B pabore uccienoBan KOPPO3HOHHYIO CTOMKOCTh MHTEPMETAJUTUIHOTO HUKEIEBOTO CIUIABa
Ha ocHOBe NizAl (B MCXOJHOM COCTOSIHUM), MPUIIOEB Ha ocHOBE cucTeMbl Pd-Ni-Cr ¢ pa3HbsiM comep-
kanueM repmanus: 1,5 %, 3 % u 5 % u npunoes Ha ocHoBe cucTeMbl Ni-Cr, comepikalux B KauecTBe
JIEIPECcCaHTOB OOp U KPEMHUHU.

Merannorpaduueckue UCCIeI0BaHUS TPOBOAMIN C HUCIIONB30BAHUEM 3JIEKTPOHHOTO PacTpo-
Boro Mukpockomna TescanMira 3 LMU, ocHaIIEHHOTO SHEProAMCIIEPCHOHHBIM CrieKTpoMeTpoM Ox-
ford Instruments X-max 80 mm’ (¢ mporpammusiM obecrederneM INCA). JIOKalbHOCTb MHKPO-
PEHTI€HOCIIEKTPAIbHBIX U3MEPEHHH He mpeBbimana 1 MxM. Pacnipenenenine XUMUYECKHX DJIEMEHTOB U
ChEMKY MHUKPOCTPYKTYP HPOBOJIUIM B PKUME 00paTHO OTpaKEHHBIX 3j1ekTpoHOB (BSI), mo3posisio-
[IEM pas3inyaTh CTPYKTYpPHBIE COCTABIIAIONINE TI0 aTOMHOM Macce (0€3 XUMHYECKOTO TPABIICHHU).

[IpoBeacHubIe MeTaymiorpaduueckue uccienoBanus npumnos cuctembl Pd-Ni-Cr-Me, conep-
xamero 1,5 % repMaHusi, MMOKa3aJid, 4TO €ro0 MHKPOCTPYKTYpa COCTOMUT U3 MAaTPHUIIBI — TBEPAOTO
pacTtBopa Ha ocHOBe cucTeMbl Pd-Ni-Cr-Me ¥ HE3HaUUTEIbHOTO KOJIMYECTBA BKIIOYCHUH TUCTICPCHOM
(das3el pasmepoM 5...10 MkmM, oboramenHoi repmanneM (puc. 1, a). YBenuuenune KOHIEHTPAIIMH Tep-
Manus ¢ 1,5 1o 3 % macc. IpUBOAUT K YBEMHUYCHHIO KoimuyecTBa (pasbl, oOorameHHol repMaHueM,
BBIJICIISIIONICHCS] B MaTpHIIe TBEPJOTO PAcTBOpa B BUJE CIUHUYHBIX BKIFOUCHUH, COMEPIKALIMX OKOJIO
20 % macc. repmanus (puc. 1, b). JlanpHelinee yBelIUYeHHE KOHIIEHTPAIUH AenpeccanTa (repMaHus)
o 5 % Macc. B maJIaJuieBOM MPHUIIOE CIIOCOOCTBYET 0Opa30BaHUIO KOJOHHH IBTEKTHKH COTOBOTO
THTIA C TYCHCTON CYOCTPYKTYpOM, COCTOSIIMX M3 TBEPJOrO pPacTBOpa Ha OCHOBE Majuiaaus U (asbl,
oOoralieHHOM repmManuemM (puc. 1, ¢).

SEM HV: 20.0 k. WD: 14.39 mm MIRA3 TESCAI e WD: 14.89 mm MIRA3 TESCAI

SEM HV: 20.0 kv WD: 6.05 mm
View field: 68.6 ym Det: BSE 20 pm
SEM MAG: 4.21 kx NanoMedTech LLC

View field: 82.5 pm Det: BSE 20 pm
SEM MAG: 3.50 kx | NanoMedTech LLC

View field: 82.1 pm Det: BSE 20 ym
SEM MAG: 3.52kx | NanoMedTech LLC

Puc. 1. Mukpoctpykrypa mpunos, cogepsxatero (macc. %) 1,5 (a), 3 (b), 5 (¢) repmanusi.
Fig. 1. Microstructure of brazing filler metal (wt. %) 1,5 (a), 3 % (), 5 (¢) of Ge.
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Jid monydeHus: CpaBHHUTENBHBIX JAHHBIX O KOPPO3MOHHOM CTOMKOCTH MHTEPMETAJUIHIHOTO
HUKENIEBOTO CIuiaBa Ha ocHOBE NizAl B HCXOTHOM COCTOSIHUHM U UCCIICTYyEMbIX IPUTIOEB U3MEPSUIA HX
MOTEHIHaJIBI Koppo3uu B pactBope 3%-Horo NaCl.

B cBsi3u ¢ ManbIMu pazMepaMu 00pasioB MCIIOIb30BaIl METO]] U3MEPEHHSI TIOTEHITHAIOB TT0]T
Karuier, paspadorannbiii B UOC um. E.O. [laToHa ajs OLEHKH 3JIEKTPOXUMHUYCCKON HEOIHOPOAHOCTH
Pa3IMYHBIX 30H CBApHBIX COEIMHEHHH C IENbI0 MPEeABapUTENbHON OIEHKH UX MPEUMYLIECTBEHHOTO
pa3pylLIeHUs TPU KOHTAKTE C KOPPO3UOHHO-aIrPECCUBHON CPEOi.

Uccnenosanus nposoaunu mpu temmnepatype (20+2) °C 1 OTHOCUTENHHOM BIaXKHOCTH BO3[TY-
xa 750 mm pt.ct. [lepen n3mepeHnssMu 00pasipl 00E3)KUPUBAINA OKCHUIOM MarHusi, IPOMBIBAIN TIPO-
TOYHOM, a 3aTeM TUCTHJUTMPOBAHHOM BOIOH, BBHICYIIMBANH (DUIBTPOBAJILHON OyMaroi.

N3mepenne noTeHIMANOB KOPPO3UH MTPOBOANIH € TIOMOIIbIO BHICOKOOMHOT'O BOJIBTMETPA OT-
HOCHUTEIBHO XJIOpCepeOPSHOTO AJIEKTPO/ia CPaBHEHHS B TedeHWe | yaca JI0 yCTaHOBJIICHHUSI CTaOWIIb-
HOT'0 3HaYEHHUs MMOTEeHIIaja KOPPO3HH.

Pe3ynbraTel n3MepeHuit MOTEeHINAI0B KOPPO3UH HHTEPMETAITUAHOTO HUKEIEBOIo CIIjlaBa Ha
ocHoBe Ni;Al W HcclienyeMbIX MPHUIIOEB B MCXOAHOM COCTOSHHH (BO BPEMEHH) MOKA3bIBAIOT, YTO
MOTEHIIMA KOPPO3HMH OCHOBHOI'O Marepuaia CTaOMIIM3UPYETCsl C IMEPBBIX MHHYT HCCIEeJOBaHUS
(Tabm.1, puc. 2).

Ta6anna 1. IToreHnman koppo3nu cmiiapa Ha ocHoBe NizAl u ncciiexyeMsbIX punoes

Table 1. Corrosion potentials of the Ni;Al alloy and brazing filler metals under investigations

r’I\ng Cucrema JerupoBaHus ITorennuan xopposuu, V
1 CruiaB Ha OCHOBE Ni3Al -0,357

2 Pd-Ni-Cr-Me-1,5Ge * -0,314

3 Pd-Ni-Cr-Me-3Ge* -0,309

4 Pd-Ni-Cr-Me-5Ge* -0,0001

5 Ni-Cr-Fe-4,5Si-3,2B ** -0,149

[Mpumeuanue. 3Be310ukaMH 0003HAUEHO COCTOSTHHE TIPHIIOS: * JIUTOMH; ** amopdHbIit

Jnsa npurnoeB Ne 2 1 3 B TedeHHEe TEPBBIX AECATH MUHYT MOTEHIHAI KOPPO3UU CMEIIaeTcs B
obnactb Oosiee OTPHUIIATENLHBIX 3HAUCHNUH U 3aTeM MPOUCXOAUT ero cradbuiuzanus (puc. 2). Jns npu-
most Ne 4, comeprkaiero 5 macc. % repmanus, Tpedyercs 30 MUHYT JUIs CTaOWIM3aIMK TOTESHIIMAIOB
KOPPO3UH M KPHBAasi CMeIaeTcst B 0osiee 3JeKTPONOIOKHUTENBHYIO 00JIacTb.

E,V
- 1 Puc. 2. 3MeHeHne OTEHIIMATIOB
035F T KOPPO3UH UCCIIELYEMBIX HUKEJIEBOTO
030 — 2 crutaBa Ha ocHoBe NizAl u mpumoer
’ 3 B UCXOJIHOM (JIATOM) COCTOSTHUH
0,25 BO BPEMCHU.

1 —Ni3Al; 2 — Pd-Ni-Cr-Me-1,5Ge;
3 — Pd-Ni-Cr-Me-3Ge;
4 — Pd-Ni-Cr-Me-5Ge;
S 5 —Ni-Cr-Fe-4,5Si-3,2B (MBF-20).
Fig 2. Changing of the corrosion
potentials of nickel aluminium alloy
on the base of Ni;Al and brazing filler
R metals in the initial (moulded) state
24 under investigation in time
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Ha ocHoBe anamm3a pe3ylbTaToOB 3KCIEPUMEHTAIBHBIX JAHHBIX 1O U3YyYEHUIO TOTEHIIUAIOB
KOPPO3HH MOIYUEHBI CIeTyIOIIHe 3aBUCUMOCTH:
— Hamboyiee OTpHIIATENIbHOE 3HAYCHHE TOTEHIIMAala XapaKTepHO IS MHTEPMETaUTUIHOTO
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HHUKEJIEBOro cruiaBa Ha ocHoBe NizAl, uto coorBercTyer -0,357 B;

— B 3aBHCHMOCTH OT COJICpKaHHUs IepMaHHUs B CUCTEME JIETMPOBAaHHUS MOTCHIIHMAJBI CILJIABOB
Pd-Ni-Cr-Me-X % Ge MOKHO pacroioXHUTh B CIACIYIOIIUN PSII:
Pd-Ni-Cr-Me-5Ge > Pd-Ni-Cr-Me-3Ge ~ Pd-Ni-Cr-Me-1,5Ge, a umenno - 0,0001 > -0,314 ~ -0,309;

— MOTEHIMANl KOppo3uu npombinuieHHoro craBa Ni-Cr-Fe-4,5Si-3,2B (MBF-20) naxoautcst
MEKAY 3HAUCHUSIMH MMOTeHIIHanoB Koppo3uu ciuiaBoB Ne 3 (Pd-Ni-Cr-Me-3Ge) u Ne 4 (Pd-Ni-Cr-Me-
5Ge u cocrasnser -0,149B;

— IOTEHIIMAJIBI KOPPO3UHU CIIaBOB, coaepkamux 1,5 u 3 % Ge, npuOIM3UTEILHO OJUHAKO-
BbIC, X 3HAYCHUS HAXOATCS B Mpeeiax ommoku u3Mepenui, -0,314 B u -0,309 B, cooTBeTcTBEHHO.

BbIBO/IbI

Ha ocuoBe metamnorpaduueckux JaHHBIX U MHKPOPEHTTEHOCIIEKTPAIBHOIO aHaln3a yCTa-
HOBJICHO, YTO MOBBIIICHHE KOHIIEHTpaluu repMmanus oT 1,5 10 3 % B cmase cucrembl Pd-Ni-Cr-Me
MIPUBOIXAT K 00pa30BaHMIO IUCIEPCHOM (ha3bl Ha OCHOBE IMaylIaans, 00OralieHHON repMaHueM, BEIIe-
JTISOILENCS 10 TpaHMIaM 3epeH TBepAoro pactsopa Pd-Ni(Me). [Ipu manapHeiilneM yBeITudeHHH KOJIH-
4yecTBa repManus 10 5 % HaOogaercs o0pa3oBaHUE KOJOHHMH 3BTEKTHUKH, COCTOSIIMX M3 (ha3bl Ha
OCHOBE TTaJIJIaus1, 00OraIeHHoN repMalHueM, 1 TBepAoro pacreopa Pd-Ni.

Takue CTpYKTYpHbIE U3MEHEHUS CIIOCOOCTBYIOT CMEIICHHIO MTOTEHIIMANIAa KOPPO3UH HCCIEHy-
eMBIX IIPUIIOEB B 00IacTh Oojee MOMOKHTEIbHBIX 3HaueHnui ot -0,314 B mo -0,0001 B coorBerct-
BEHHO JJISI TIPUTIOEB, coaepkamux oT 1,5 % mo 5 % repmanus, 9TOCBUIAETEILCTBYET O MOBBIIIICHUH MX
KOPPO3HOHHOW CTOMKOCTH.
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