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JTOCIIIKEHHS ®A30YTBOPEHHS HICJIA JU®Y3IHHOT O 3BAPIOBAHHA
Y BAKYYMI 3’€THAHHSA HIKEJIb-HIOBIN

Jughysitine 36aprosanns - ideanvHe piutenHs 0N 3 €OHAHb PIsHOPIOHUX mamepianis. Lleii cnocib6 ocobueo
eghexmueHuULl, IKWO Mpeba ompumamu MiyHe MOHOJMHe 3 €OHAHHs Oe3 YymeopeHHs: 2pybo2o 386apHo2o abo na-
eunozo wea. Mozo 3acmocoeyiomv, AKuo HEMONCIUBO GUKOPUCTIOBYEamMU cmanoapmui 3acobu Kpinienus. Oc-
HOBHA cghepa 3aCcmOCy8antst Ybo2o 6UOY 36APIOGAHHS - 0OIACMb BUCOKUX MEXHON02IN - aBiayitinol, KOCMIYHOT
ma iHwux 8udie 8axicko2o mawunobydyeanns. Bei nepesazu pobusme npoyec ne3amiHHUM npU NEGHUX YMOBAX
i 6IOHOCAMDB 11020 00 BUCOKOMEXHONI02IUHO20 8Udy. B pobomi poszensanymo 3’ €OHaHHA PISHOPIOHUX Memalie Hi-
KeNb-HioOil. V 36 53Ky 3 YMBOPEHHAM MIJNC YUMU Memanamu psoy iHmepmemaniois, 0Opano mexHouozio ou-
@ysitinozo 3eaproganns y eaxyymi. Lleii cnocié doseonsie 3’€Onysamu mamepianu Oe3 po3niaeieHs, 3a paxy-
HOK 83aeMHOI oughysii komnonenmis. Ilapamempu 36apro6anHs eniueaioms Ha (GazoymeopeHHs: Ougy3siuHol
30nuU. /st 0ocaiodcents (hazo6020 ckaady nponoHo8aHa MemoouKa MiKpoCmpyKmypHo2o, MiKpopeHmaeHocne-
KMPaibHO20 aHamizy, a makodic diazpamy cmawny Hikeab-Hiobiu. I1i0 uac 00ciiodiceHHs 36apio8aeMoCcmi Cuc-
memu HiKellb-HIODIU BUSOMOBTILIUCL 3PA3KU Y U2Is0i Kyoy 31 cmoponoio 10mm, skull 3amuckaiu 6 onpasyi ma
saausanu cniasom Byoa. 3pasku ne niodasanucy mpagientio, momy wjo 8 npoyeci noapy8anHs 3a NPUUHY Di-
31O meepoocmi haz cmpykmypa GUsGISLIACL MEniosumM noaipysannsm. Ilpononosana cxema dozeonuna de-
MANbHO SUSHUMU (PA308ULL CKIAO OKPeMUX Cloie Ou@y3iuHol 301U, IX po3mMipu ma 3aiexcHicmy 6i0 napamem-
Pi8 38apiosants. 3a pe3yibmamamiu KilbKiCHO20 MIKPOPEHmMeeHOCNeKMPANbHO20 aHANI3Y He OMPUMATU moY-
HUX Oanux (hazo6020 cKkaady ma NPOMSANCHOCHI Oughysiiinux cioig. Axicnuil MIKpopenmeeHOCneKmpaibHuil
AHANI3, SIKULL POBOOUBCSL OE3NEPEPEHUM CKAHYBAHHIM eLeKMPOHHUM 30HOOM Yepe3 OuQysitiiy 301y, 0036018
saghikcyeamu peghnexcu ¢haz na KOHYSHMPAYITHUX KPUBUX MA 6CMAHOBUMU NPOMSIHCHICMb OUDY3IHUX CNLOIB.
s O6inbus HAOUHO2O Ys6IeH s POZMAULYBAHHSL (ha3 PO3TSAHYMO CyMiweny diazpamy HiKelb-Hiobill 3 KOHYeH-
payiiinoio kpueoio. Ilposedeni docaiodicents 00380MUNU OMPUMAMU SIKICHE 3 €OHAHHSL, SIKE MAE MEXAHIYHI 611a-
cmugocmi, Wo 3a6e3neyyioms HAOIUHICMb 8 YMOBAX eKCHIyamayii.

Knrwwuosi cnosa: mikpopenmeenocnekmpanivhull auanis, KOHYeHmpayitina Kpueda, Hikeiv, HIoOIl, ¢azoymeo-

DeHHA.
Beryn

YMOBU ekcruyartaiii 3’€JHaHb, SIKi 3BapIOIOTHCS
YacTO MPEACTABISIOTH clieln(ivHi BUMOTH JI0 Martepia-
miB. Po3poOka pexuMiB 3BaplOBaHHS Opi€HTOBaHA Ha
OTPUMAaHHS HACTYIIHUX XapaKTepHCTUK SIKOCTi: repme-
TUYHICTB, eposiiiHa criiikicTe Ta iHme [1]. B 1pomy
BHUIIAJAKY HEIOCTATHIO MIIHICTh ab0 IUIaCTHYHICTD
3’€HaHHSI YCYBAaIOTh KOHCTPYKUIHHUMH METOIAMHU.
Taki MeTroam 3aCTOCOBYIOTBCS y BHUMAOKY 3’ €IHAHHS
MaTepiaiiB sKi yTBOPIOIOTH IIiJ] Yac 3BapIOBAHHS iHTEp-
MetanigiB. B poboTi po3risHyTa mapa HiKeIb-HIOOIH,
sKa yTBOproe psia imtepmeraminis [2]. IIpomonoBano
MeToq Au(y3iHHOro 3BaplOBaHHS y BakyyMi, SIKHi Mae
HACTYIIHI TIepeBaru: Ipenu3iifiHa TOYHICTh OOPOOKW;
BIICYTHICTh SIBHO BHPa)XEHOTO IIIBa;, MOHONITHICTP
3’€HAaHH, MOXJIMBICTH 3BapIOBATH MaTepiaid, M0 HE
CIIOTYYAIOTHCS 1HIIIMM CIIOCOOOM; MOXIJIHBICTH CTBOPIO-
BaTH BHUPOOHM CKIAJHOI KOHCTPYKIii 1 KoH(iryparmii,
Majia BUTpaTa €Heprii, BiACYTHICTh HEOOXiTHOCTI B 3a-
CTOCYBaHHI JIONATKOBHUX €JIEMEHTIB, TAKUX SK TPUCAJ-
KM, €IEeKTpOAH, MpHOOi Ta (rocu; eKONOTiYHICTh 3Ba-

PIOBAIIBHOTO MPOLECY - HE Ma€ OPHU30K PO3ILIABY, LIKi/-
JIMBHUX BUIPOMIHIOBAHb 1 Ta30BUX BH/ILICHb, BiJCYTHIH
BUKHUIl YIbTpadiolieTy; BHUCOKA MIIHICTh 3’ €JHAHHS;
3pY4HICTh CTBOPEHHS MYCTOTITUX KOHCTPYKIIiH, B TOMY
YHCII KOMIIO3UTHUX; EKOHOMIYHICTD - B OJIHIN omepariii
MOKHA TIO€JHATH K1JIbKa Pi3HOPIIHUX MaTepiaiB.

1. ITocTanoBKAa 3aaa4i JOCTiKeHHSA

Mertoro pobotu Oyio AOCTiIKEHHS (OPMYBAHHS
mudy3iiHOi 30HM 3’€AHAHHS HiKenb-HIO0IH. Ckmazg i
(ha30yTBOpPEHHSI BH3HAYAIOTH SIKICTh 3’ €THAHHS MaTepi-
ajiB, SKi YTBOPIOIOTH IHTEpMETaligHi 3’enHaHHA. B
SKOCTI METONY OTpPHMaHHS neraii oOpano aumdysiiiHe
3BaproBaHHA y Bakyymi. Lleit MeTox mo3Bomsie periame-
HTYBaTH IIapaMeTpH IIPOIECy, BIIIOBIAHO 1 TPOTSIK-
HICTH ()a30BUX CIIOTB

Marepian gocaimkenb. MatepianaMu  JOCHi-
JOKEeHb Oynu Hikenb Ta HioOii. s posmmpenHs qudy-
3iliHOI 30HM BUTOTOBIISUIMCH KOCI MiKpomnurihu i BH-
BYCHHA JETallel CTPYKTYPOYTBOPEHHS.
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2. Pe3yabTaTu A0CHiIKeHb

Jis aHamizy B3a€MOJIi1 Hikelto 3 Hio0ieM OyIo po-
3MIIIHYTO Jiarpamy crany [3]. Bynn po3risHyTi npore-
cu 3a temneparypu 1370 K, Tomy mo ug temmnepaTypa
oOpaHa it Tudy3idHOro MpoIecy 3BaproBaHHs. Bcera-
HOBJIEHO, III0 YTBOPIOIOTHCSI 2 THITH TBEPAOTO PO3UHHY
(31 cTOpoHHM HiKemO 1 HiIO0II0), a TaKOXK CyMIll NHX
TBEPAUX PO3YMHIB 3 JBOMAa THIIAMHU IHTEPMETAJI]liB
NbNi Ta NbNi3. [licns 3aBepiieHHS] TIpoliecy 3Bapro-
BaHHS Ta OXOJIOMKEHHS (pa3oBHMil ckiaj B aAudy3ildHINA
30HI 3aJIMIIAETHCS HE3MIHHUM (puc. 1).

Po3ramyBanus ¢a3oBux cioiB BijJ HIKEIIO 10 Hio-
0if0 MOXKE BIANOBIATH TMOPSAKY PO3TAIyBaHHS IHX
(a3 Ha miarpami HikeJb-HI00IH, 32 yMOBH, IO TUQY3is
HIKeJTI0 Ta Hi00iI0 MpoHIILIa PIBHOMIPHO B 00M/BA KOM-
noHeHTa [3]. [lns orpumanHs goctoBipHOi iH(OpMarii
MIPOBOJIMIIM  MIKPOPEHTTEHOCIIEKTPAIbHUN aHamli3, Ha
OCHOBI SIKOro Oynu MoOyIOBaHI KOHIEHTpAIIiHI KpPHBi
1o ToukaM. BoHM He MaloTh SICKPaBO BHpaXKEHUX ped-
JIeKCiB, SKi cBiquaTh Nmpo yrBopeHHs (a3. Ha kpusiii
Oynu uiTko BuaiieHi iHrepmeranimu NbNi ta NbNi3,
ayie Ha IUX AUITHKaX Hemae pedieKCiB iHTepMeTaniiB,
3MiHa KOHIIEHTpaLii npoTikae nosijapHO [4]. €nuHa iH-
¢dopmaris, Ky MOKHa OTPHMAaTH MO KPUBUX — TOYKH
neperu0y Bix 100 % nikento i HioOito. Ile mae 3mory

o - |:f‘ we V4
PR oo WPPP Y TR R
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BU3HAYUTH BCIO MIMPHHY MU Y31HHOI 30HN, BUMIPIOIOYH
MIPOTSDKHICTD JUISHKY 3 ypaxyBaHHsAM Macuitady [5,6].
TakuM 4rHOM, 32 MaTepialaMy KiJIbKICHOI'O MiKpOPEHT-
TeHOCHEKTPAJIbHOTO aHaji3y BH3HAYEHHS DPO3TallyBaH-
HA a3, IX po3Mipy i HOCTiIOBHOCTI B IUQYy3iiHil 30HI
HE MOXITUBO.

Binbin cyrreBy nedopmanito AaioTh KOHLEHTpa-
IilfHI KpHBiI SKICHOrO MiKpOPEHTI'€HOCHEKTPAIHHOTO
aHayi3y. SIKI0 PO3TJISIHYTH KOHIEHTpAIiiHI KPUBi po-
3TO/IUIEHHS HIKEIIO 1 Hi00it0 B AMQY3iiHINA 30HI, KOXKHA
KOHIEHTpalliiiHa KpUBa 3alycaHa 31 3HAYHUM 3aIlacoM
¢ony 100 % Tta 0 % KoxkHOro KoMmoHeHTy. Takuii 3a-
MMC HEOOX1THUI JUIsl TOBHOTO 3aXBaTy CKaHyBaHHS BCi-
€l mudyziiiHoi 30HM. Ha KpWBUX SICKpaBO BUpaKeHi
rpadiuHi peduiekcH, SKi XapaKTepu3yroTh (asu i cyMinr
a3 [6]. TIpoekiist 1ux peduiekciB Ha KOHIIEHTpAIliiHI
BiCl CyMICHO 3 JliarpaMoI0 CTaHy HiKellb-HiOOii miaTBe-
pmkye ¢asopuii ckinan audysiiiHoi 30HU. Pedaekcu
inTepmeraniniB NbNi ta NbNi3 nonanarots B iHTEpBa-
JIU KOHIICHTpauid 3 miarpamMu. Touku meperuOiB, sKi
03HAYaIOTh MOYATOK 1 KiHEelb ()a30BOr0 CIOK TBEPAOTO
po34MHy, HOro cymimn 3 IHTEpMETaliaMHu, a TaKOX
MOYATOK 1 KiHEIb CJIOK IHTEPMETAiIiB, YiTKO PO3pi3-
HIOIOTBCS JUI KOKHOTO MMOJIsi Ha 000X KOHIICHTpAITiid-
HUX KpuBuX. lle M03BONsiE BU3HAYMUTH MPOTSHKHICTH
(ha30BOro OIS JOBOJII TOYHO.

Puc. 1. MikpocTpykrypa audy3iitHOl 3001 3’ €THAHHS Hikens 3 Hio0ieM (x500)
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BucnoBxku

AHaJi3yI04Yd OTPUMAHI JIaHi JUIS CUCTEMH HiKeITh-
Hi0Oil, BCTAaHOBWIIM, IO BUKOPHUCTAHHS MIKPOpPEHTIe-
HOCHEKTPAJbHOIO aHaNi3y CYMICHO 3 MIKPOCTPYKTYp-
HHUM, a TaKO)X BUKOPHCTaHHS CYMICHHX JliarpaM CTaHy
JIAf0Th MOXKJIMBICTH OUTBII JeTallbHO BHBYATH (ha30BHUMA
CKJIaJ] OKpEMHX CJI0iB MU y31iHOI 30HH, pO3MipH TUdY-
31{HUX CJIOIB, 3MiHY X MPOTSHKHOCTI 13 3MiHOIO TTapame-
TpiB 3BapIOBaHHS Ta BHMIPIOBATH 3arajibHy IMPOTSK-
HICTBh IU(Y3iHHOT 30HH.

BcranoBieHo, o pe3ynbTaTé KiJIbKiICHOI'O MiKpO-
PEHTIeHOCTIEKTPAILHOTO aHaJli3y Ta KOHIIEHTpamiiiHi
KpHBi, MOOYZOBaHi 3a iX pe3ynbTaToM, HE NAOTh TOY-
HUX JaHUX Tpo (a30BUi CKIaJ y 3B’SI3KY 3 BiJICYTHICTIO
SICKPaBO BUpaKEHUX peIeKkciB iHTEHCHBHOCTI Ha MiK-
pockormiyHux (azoBux ninsHkax. Lle mo’s3aHo 3 mpo-
MyckoM (pa30BUX CIIOIB T Yac MEPEeMIICHHS EJICKT-
POHHOTO 30HA.

B mporieci 3BaproBaHHs B TBepAil (a3l MoiIoKeHHs
audy3iiiHOi 30HU Ta 11 MiACIOIB MOXKE 3MiHIOBATHCH Y
3B’S3KY 3 PI3HUIEIO NapIUAILHUX KoedillieHTiB Andy3ii
abo ix 3MiHM Tix 4ac 3ycTpiuHoi Audy3ii B pe3ynbTati
yYTBOpEHHS (Pa30BUX CJIOIB.

Haii0inpm nepeBaXHUM JJIsl BUBYEHHs AUQY3iid-
HHUX 30H 3’€HaHb, SKi 3BaPIOIOTHCSI B TBEPIiil ¢aszi, €
SIKICHMI METOJ, SIKMH MPOBOIUTHCS CKAaHYBAHHIM €lleK-
TPOHHUM 30HIOM uepe3 Audy3iiHy 30Hy. Bin no3Bomse
¢ikcyBatu peduiekcu (a3 Ha OecriepepBHHX KOHIICHT-
pauiiHUX KPUBHX 1 TOYHO BUMIPIOBATH iX MPOTSHKHICTB.
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STUDY OF PHASE FORMATION AFTER DIFFUSION WELDING IN VACUUM
OF NICKEL-NIOBIUM COMPOUND

Anatoliy Sanin, Igor Mamchur, Stella Mamchur

Diffusion welding is the ideal solution for joining dissimilar materials. This method is particularly effective if
you should get a strong monolithic joint without the formation of a rough weld or solder seam. It is used if it is im-
possible to use standard fasteners. The main scope of this type of welding is the area of high technologies - aviation,
space and other types of heavy engineering. All the advantages make the process indispensable under certain condi-
tions and classify it as a high-tech type. This paper considers compounds of dissimilar metals nickel-niobium. In
connection with the formation of many intermetallic compounds between these metals, the technology of diffusion
welding in a vacuum was chosen. This method allows you to connect materials without melting due to the mutual
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diffusion of the components. The welding parameters affect the phase formation of the diffusion zone. To study the
phase composition, a method of microstructural, X-ray microanalysis, as well as a state diagram of nickel-niobium,
is proposed. When studying the weldability of the nickel-niobium system, samples were made in the form of a cube
with a side of 10 mm, which was clamped in a mandrel and filled with Wood's alloy. The samples were not subject-
ed to digestion, since during the polishing process, due to the different hardness of the phases, the structure turned
out to be thermal polishing. The proposed scheme made it possible to study in detail the phase composition of indi-
vidual layers of the diffusion zone, their dimensions and dependence on welding parameters. According to the re-
sults of quantitative X-ray microanalysis, we did not obtain accurate data on the phase composition and extent of
diffuse layers. Qualitative X-ray spectral microanalysis, which was carried out by continuous scanning with an elec-
tron probe through the diffuse zone, made it possible to fix the phase reflections on the concentration curves and to
determine the extent of the diffusion layers. For a more visual representation of the arrangement of the phases, a
combined nickel-niobium diagram with a concentration curve is considered. The studies carried out made it possible
to obtain a high-quality joint with mechanical properties that ensure reliability under operating conditions.
Keywords: micro-X-ray spectral analysis; concentration curve; Nickel; niobium; phase formation.
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