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Kosanvuyk I1. B. Texnonoris naguast KoBapy B 0JHOPITHOMY Ta pi3HOPITHOMY

cnojiydeHHi1. - KpaniikaiiiiHa HaykoBa mpats Ha paBax pyKOIUCY.

Huceptanis Ha 3100yTTSI HAYKOBOTO CTymeHsi jgokTopa ¢inocodii 3a
cnemianbHicTiO 132 «Matepiano3HaBcTBo» (13 — MexaHiuHa iHKeHepis). - [HCTUTYT

enexktpo3BaproBanHs iM. €.0. [latona HAH VYkpainu, Kuis, 2021.

Huceprariiina po0OoTa NPUCBIYEHHS PO3POOII TEXHOJIOTIYHOTO MPOIECy
HAHECEHHS 0ap’€pHOrO MOKPUTTS Ha TUTAHOBUHM CILJIaB, BUCOKOTEMIIEPATypPHOIO
OPUINIOID Ta TEXHOJOTIYHOro Tporecy mnasHHS KoBapy B pI3HOpIIHOMY Ta

OJIHOPIJTHOMY CIIOJIyYEHHI.

KoHcTpykinii 3 npenu3itHuX MarepialliB, [0 XapaKTepU3ylThCs 3aJaHUMU
(Gi3MYHIMH XapaKTePUCTUKAMU, 3HAXO/IATh MUPOKE 3aCTOCYBAHHS B PI3HHUX Tally3sx
IIPOMMCIIOBOCTI: TpUiIaAo0yyBaHHI, aBlaKOCMIYHIM MPOMHUCIOBOCTI Ta iHHI. B
JiTepaTypi ICHYIOTh BIIOMOCTI 3 MasHHS MPENU31HHUX CIUIaBIiB MK CO0010, 30Kpema,
JUISL €NIEKTPOHHOI MPOMUCIOBOCTI, MPOTE Maike MOBHICTIO BiJICYTHI BIJOMOCTI 3
nasiHHS JaHUX CIUIaBiB 3 IHIIUMM MaTepiajamu, 30KpeMa 3 XiMIYHO-aKTUBHUMH Ta
TYrOIJIaBKUMH MeTajaMH (THTaHOM, MouibaeHoM). CydacHi po3poOKH B Tajysi
npuiano0yayBaHHs MOTPEOYIOTh BUKOHAHHS CaMe TaKWX 3’ €/IHaHb MPU BUTOTOBIICHHI
IIUPOKOTO CHEKTPY OKpeMHX BY3JIiB ((hoTompuiiMadiB, BUCOKOUYTIMBUX ONTHUHUX

€JIEMEHTIB, TOIIO).

OcHoBHI TpoOnemMHu, 3 SKUMH CTHKalOTbcs mpu 3’eaHaHHi KoBapy B
PI3HOPIIHOMY  CIIOJy4Y€HHI, BUKIMKAHI BIAMIHHOCTSAMH  (DI3MKO-MEXaHIYHUX
BJIACTUBOCTEH, 30KpeMa TeMIepaTypHUX KOe(Iili€eHTIB JIHIMHOTO PO3IIMPEHHS,
XIMIYHUM CKJIQJIOM MartepiajiB, M0 MOEAHYIOThCS. Taki BIIMIHHOCTI IPU3BOISATH 10
MOSIBU 1HTEepMeTamiIHuX ¢$a3 Ha MiK(QA3HUX MUITHKAX Ta CYTTEBUX BHYTPINIHIX
HaIMpy>KeHb, SKI TOTIPITYIOTh MEXaHIYHI BJIACTUBOCTI, Ta, 3 PEIITOI, MOXYTh
BUKJIUKATH pyHHYBaHHS BUPOOy. 3 METOI IMiJIBUIIEHHSA SKOCTI Ta HAMIMHOCTI
pisHOpimHKUX 3’€qHaHb KoBap — TMTaH, MOJTIOE€H HEOOX1THO PO3POOUTH 1 3aCTOCYBATH

MpUHOMH, CHPSIMOBAaHI Ha BJIOCKOHAJICHHS NAasJIbHUX MarepiajiB, TEXHOJOTTYHUX



MIIXOMIB 1 ONTUMI3allli TEMIIEpaTypHO-4aCOBUX IMapaMeTpiB, IO OOYMOBIIOIOTH

YTBOPEHHS F'€pPMETUYHUX 3'€THAHB.

Metorw naHoi poOOTH € po3poOKa TEXHOJOTIYHOTO IMPOILECY BaKyyMHOTO
BHUCOKOTEMIIepaTypHOro nasiuus KoBapy B 0JHOpiTHOMY 1 PI3HOPIAHOMY CIIOJYyUY€HHI
3 TUTAHOM, MOJIIOAEHOM 1 KOPO31MHOCTIMKOIO CTaNIO , 10 3a0e3neuye HeoOX1THY

TEPMETUYHICTh Ta pOOOTO3IATHICTh MASHUM 3’ €JTHAHHSIM.
HaykoBa HOBH3HA MOJISITA€ B TOMY, IIO:

1. BctaHoBJIeHO OCOOJMBOCTI MPOIECY 3MOUYYBAaHHS Ta JOCTIIKEHO (h13UKO-
METaTypriifHi MPOIECH, IO MPOTIKAIOTh TPHU B3AEMO/Iii MPUTIOIO 3 OCHOBHUM METAJIOM
(KoBapom, TuTaHOM, MOJII0JIEHOM, KOPO3IHHOCTIHKOIO CTaJII0) MMiJl Yac PO3TIKAHHS.
JloBeneHo, 1o npu po3rikanHi npunoiB cuctemu CU-Mn-Co 30utbleHHST TUIONII TTO:
KoBapy B 2,8 pa3u; mo Kopo3idHOCTIHKIH cTani — B 1,7 pa3u; 1o moniboaeny - B 1,8
pa3u  JOCSTAETHhCS 3aBISIKM  IMIIBUIICHHIO TEMIIEpAaTypy HArpiBy, 10 00yMOBIICHO
30UTBIIEHHSM TeMIEPaTypH JIKBIAYCY 31 3pOCTaHHSAM KOHIEHTpallii kobansty 3 0,5 10
45 %. BusHayeHo, 10 TpH PO3TIKAHHI  BEJIMYMHA KOHTAKTHHUX KYTIB, SKi
yTBOPIOIOTECS Mk npumnoeM [ICp72 1 OCHOBHUM METAJIOM XapaKTEePHU3yETHCS MAJIOIO
BEJIMYMHOIO 1 cTaHOBUTH: 11° - Ha miaknammi 3 Kosapy; 1°50° - va migxmaami 3
tutany. KOHTaKTHI KyTH, IIT0 YTBOPIOIOTHCS IIPH 3aCTOCYBaHHI MpUIoiB cuctemMu Cu-

Mn-Co 3naxoasTecst B Mexax 5-27°.

2. Buznadeno, mo 36ubmenas konreHtpaiii Co 3 0,5 no 4,5% B npuroi
cucremu CU-MnN mipu3BoauTE 110 MiABUIIEHHS MIITHOCTI Ha 3pi3 3 374 MIla no 434
Mlla nasaux 3’eqnanb KoBap — Kopo3iifHOCTIMKa cTanb (MPU MOCTIHHIA BUTPUMIIL 3

XB).

30inbIeHHsT Yacy BUTPUMKH 3 3 10 30 XB MPU BUCOKOTEMITIEPATYPHOMY MassHH1
pi3HOpiaHKX 3’ eaHaHb KoBap — KOpO3iiHOCTIHKA CTallb CIIPUSE€ 3MCHIICHHIO MIITHOCTI

3 434 no 248 MlIIa.

3. JloBeaeHo, 110 3MEHIICHHS BeauduHHU 3a30py 3 100 mo 20 MKM mnpwm

BHCOKOTEMIIEpaTypHOMY BaKyyMHOMY nasiHH1 3’eqHaHb KoBap — KoBap o0ymoBitoe



MiABUINEHHS MiHOCTI 3 297410 no 408+6 MIlla Ta 3MiHIO€ MOP(QOJIOTiI0 METaly

NasHOTO 11Ba NIISIX0M 301nbieHHs 00’ emMHOoT yacTku (azu (FeMnCo)x(NiCu)y.

4. BcraHOBJIeHO, IO IpPU BHCOKOTEMIIEPATYpPHOMY BaKyyMHOMY MasiHHI
pi3HOpiAHKX 3’€qHaHb KoBap-moniGeH 3 3acTocyBaHHAM npumnoro cuctemu Cu-Mn-
4,5Co 30unblIeHHsT yacy nasgHas 3 1 10 15 XBWIKH cripusie 301IbIIEHHIO IUPUHU (3 1
MKM 710 3 MKM) peakuiiiHoro mapy Mo-Fe, skuii popmyeTbest Ha Mixk(da3HIN rpaHMII

MO0 IEH-TIPUITIH.
IIpakTyHe 3HAYEHHHA POOOTH MICTHUTH:

CtBOpeHO mpumiid A BUCOKOTEMIIEPATYPHOTO BAKYYMHOI'O MastHHS PI3HOPIIHUX
3’enHanb KoBap — wmoumiOnen (KOpo3iMHOCTIMKAa cTajb). 3anponoHOBAaHUM 1
peanizoBaHUN METOJI HaHECEHHS Oap’€pHOro MOKPUTTS HAa TUTAHOBHM CIUIaB, IO
3a0e3nedye HWOTO MLUIICHICTh MPU TEPMIYHOMY PpEXUMI BHCOKOTEMIIEPATYPHOIO
BaKyyMHOTO MastHHS PI3HOPIAHUX 3’€qHaHb KOBap-TUTAaHOBUH CIUIaB Ta TEPMETUYHY
IIUIBHICTh OTPUMAHUM MasHUM 3’€IHaHHAM. Po3po0ieHuil TeXHONOTTYHHUI mporec
nasHHs peanizoBaHo Ha mignpuemctsl KII CIIb «Apcenan», 1m0 miATBEPAXKY€EThCS

BIJIMOBITHUM aKTOM BIIPOBA[KEHHS.

Y mnepmoMy Ppo3aili TPEICTaBICHO pE3yJNbTAaTH aHAJITHYHOTO OTJISAY
JiTepaTypHHUX JKEpes 3 MUTaHb AUCEPTAIiiHOT poOOTH. AHaJI3 MTEPaTypHUX JTAHUX
no 3’eaHanHi0 KoBapy B OJHOPITHOMY Ta PI3HOPIAHOMY CIIOJy4YeHHI (MOJiOJIeH,
TUTAaH, KOPO3IMHOCTIiKa CTajab) pI3HUMH CIIOCOOAMH  IIOKa3aB, M0 IIPH
OesrmocepeTHbOMY KOHTAKTI JIaHMX MarepiajiB  yTBOPIOIOTHCS IHTEPMETaJIiIHI

MPOIIAPKH, K1 BIUIUBAIOTH HA XapaKTEPUCTUKH PI3HOPITHUX 3’ €IHAHb.

BucokoremrniepatypHe masHHS € JIOMIHYIOUMM METOJIOM  OTpHMaHHS
HEpO3'eMHUX 3’€IHAHb 3aBASKA MOXJIMBOCTI 30€peKEeHHS BHUXITHOI CTPYKTypH
OCHOBHOTO MeTajly, L0 3a0e3nedyeTbcsi BUOOpOM abo po3poOKOI ONTHUMAJIBLHOIO
CKIaAy MpUmNor 1 TepmiuHoro uukiny masHHsA. [lasaas Koapy mnpommcioBuMu
MPUIIOSIMUA BKa3ye Ha Te, 110 TOJIOBHOIO MPOOJIEMOIO € pyHHYBaHHS MassHUX 3'€/IHaHb,
MOB'A3aHE 3 MPOHUKHEHHSM MPUIIOI0 N0 TPaHULISIX 3epeH. PyliHyBaHHS MOYMHAETHCS B
TOYI[l MAaKCUMaJIbHOI KOHIIEHTpaIlli Halmpy>KeHb, 110 PO3TATYIOTh, 1 € MOCTYIIOBUM

(IporpecyoYnMH).



[TokazaHO OCHOBHI CHCTEMHU IPUIIOIB, 1110 BUKOPUCTOBYIOTH JJIsl TASSHHSI TAKOTO
TUITy MaTepialiB. AJle MEXaHI4H1 BJIACTUBOCTI MasHUX 3’€JlHaHb BUCBITJICHHI BKpaii
cn1abo, M0 HE Ja€ MOBHOI KapTUHU MPO EKCIUTyaTalliiHI XapaKTepUCTUKU 3’ €HAHb

JaHUX Map MaTepiaiB.

Y apyromy po3gijii po3risiHyTO OCHOBHI (DI3MKO-MEXaHIYHI BJIACTUBOCTI
MmarepianiB. KoBapy, TUTaHy, KOpO31MHOCTIHKOI cTail Ta Monioaeny. IlpencraBieHo
oOnagHaHHs, K€  BUKOPUCTOBYBAJM  MNpU  JOCIAKEHHI Ta  po3pooi

BUCOKOTEMIIEPATYPHOTO MPUIIOKO JJIsl BUCOKOTEMIIEPATYPHOTO BAKYYMHOT'O TasHHS.
OnucaHo METOIUKY OTpMMaHHA 0ap’€pHUX MOKPUTTIB HA TUTAHI.

JocnipkeHHsl  TeMIiepaTypy  IUIABJIEHHS  €KCIIEPUMEHTAIbHUX  IPUIIOIB
OPOBOAMIA 32 JOIMOMOIOI0 YCTaHOBKM BHCOKOTEMIIEPATYpHOTO JuepeHIIHHOTO

tepmiunoro ananizy BJITA-8Ma3.

HarpiBanHsi nociiTHUX 3pa3KiB BUKOHYBAJU 3 3aCTOCYBAHHSM pajaialliiiHOro
HarpiBy B BakyyMHiii ycraHosui CBI'-2,5 (Bakyym He Gimbme 7x1073Tla), Ta 3a

JOITOMOTI'0I0 I'a30BOI'0 IIaJIbHHUKA.

CTpykTypy NpHUIIOI Ta NasHUX 3 €IHAHb JOCHIKYBAIM 3a JIOMOMOTOIO
CJIIEKTPOHHOI'O  pacTpoBoro Mikpockony TescanMira 3 LMU, ocHameHoro
eneprogucnepciiinum crnektpomerpom Oxford Instruments X—max 80 mm? mix
kepyBaHHsAM nporpamHoro nakety INCA. JlokanbHICTh MIKpOPEHTI€HOCTIEKTPATIBHUX
JOCIIDKeHh HE TepeBuiryBajga 1 MkM. Po3moni XiMIYHHX €JIE€MEHTIB 1 3HOMKY
MIKPOCTPYKTYp TPOBOAMIA B 3BOPOTHO — BimoOpaxkeHux enektpoHax (BSE), mio

JI03BOJISIE TOCIIIKYBATH 3pa3ku 06€3 XIMIYHOTO TPABJICHHS.

MikpoTBepAiCTh MassHUX  3pa3kiB, M0 OTPMMaHi 3  3aCTOCYBaHHSAM

EKCIIEpUMEHTATBHUX MPUTIOIB, BU3HAYAIN Ha MikpoTBepaoMipi [IMT-3.

MexaHiuHI BJIACTUBOCTI MasHUX 3 €AHAHb JOCIIDKYBadd TMpPU KIMHATHIN
TEMIIEpaTypl Ha yHiBepCcalbHIi BUMPOoOyBanbHIN MamuHi ZDM 10, mo mnpu3HadeHa

JUTSI BAIPOOYBAaHHS Ha PO3TAT, CTUCK, BUTHH 3pPa3KiB 3 YOPHUX 1 KOJTLOPOBUX METAIIB.



Tperiii po3ais1 nprcBIYEHUN JOCTIKEHHAM (13MKO-METATypriiHUX MPOLIECIB,
AKl MalOTh MICLE MpHU B3a€EMOJIl MPUIIOI0 3 OCHOBHUM METAJIOM IPHU PO3TIKAHHI.
[Toka3aHo BIUIMB JIETYIOUMX €JIEMEHTIB Ha TEMIIEPATYPY COJIAYCY 1 JTIKBIIYCY, XIMIYHY
HEOJHOPIIHICTh 1 PO3MOJLT XIMIYHUX €JIEMEHTIB B MPHUIIONX, SIKI 3HAXOJATHCS B

JUTOMY CTaHi.

JlocnipkeHo BILUTMB KOOAJIbTY Ha TeMIIepaTypy JIIKBIAycy npumnoto cucremu Cu-
Mn. Ha ocHOB1 OTpMaHUX pe3yJbTaTiB TOCHIIKEHb 00paHO KOMITO3HUIII1 MPHUIIOIB, SKi
OPUMHATHI JJI1 BUCOKOTEMIIEPATYPHOI'O BaKyYMHOI'O MAastHHS PI3HOPIAHMUX CILIABIB.

Iloka3zano BIIuB TCMIICPATYpPU TAAHHA HaA 3aKOHOMipHOCTi pOBTiKaHHH IIPUIIOHO.

B d4erBeproMy po3aii BUKIAJEHI pe3yJbTaTd 3 BUBYEHHS BIUIUBY
TEMIIEPaTypHO-4YaCOBUX MapaMeTpPiB, MONEPEHBOI MiIFTOTOBKM OCHOBHOTO METAJIy Ha

CTPYKTYpY 1 MEXaHiuHI BIACTUBOCTI MassHUX 3’ €THAHb.

[TpuBeneni pe3yNbTaTh MIKpOPEHTTC€HOCTIEKTPAITbHUX JOCIIKCHB
GopMyBaHHS  CTPYKTypH TasHUX 3 €IHAaHb, IO OTPUMaHi 3 3aCTOCYBaHHSIM
eKCIIEPUMEHTATBHUX TPHUIOiB. [loka3aHO BIUIMB B3a€MHUX AUQY3IHHUX MPOIECIB i
HEPIBHOBXHUX YMOB KpHCTaJi3allii Ha CTPYKTypy MeTaiy masHoro mBa. OmnucaHo
TEXHOJIOT1YHUN TpoleC TasHHS, BUTOTOBJICHHS MAaKETHUX 3pa3KiB PIZHOPITHUX 1

OJTHOPIJTHUX 3’ €THAHb.

IToka3zaHi pe3yJbpTaTH MEXaHIYHUX BUIIPOOYBaHb MasSHUX 3'€JHAHb PIZHOPITHUX
MarepiajiB, 10 MalOTh Pi3HI (i3WYHI BIIACTUBOCTI. BCTaHOBIICHO, 110 BUKOPUCTAHHS
MIPUIIOI0 HA OCHOBI MiJli 3a0e3neuye cTabiIbHI MOKAa3HUKU KOPOTKOYACHOI MIITHOCTI

P KIMHATHIA TeMIiepaTypi.

B n'saToMy po3aijii onmuMcaHO TEXHOJOTIYHHM MpOIEC MasHHS, BUTOTOBJICHHS
MaKeTHUX 3pa3KiB PI3HOPITHUX 1 OAHOPIAHHMX 3’ €aHaHb. JlOCHIDKEHO  PO3IMOILT
MIKPOTBEPJOCTI B MasHUX 3 €aHAaHHSIX. [IpoBeneHO MOCHIIKEHHS CKCILTyaTarliiHuX
BJIACTUBOCTEH MaKETHHX 3pa3KiB Pi3HOpiAHUX 3’€nHaHb KoBap - TuTaH MeTogamu

HEPYWHIBHUMHU KOHTPOJIIO.



Kniouosi cnosea: BakyyMHE BHCOKOTEMIIEpaTypHe mNasHHA, npumiii, Kosap,
MOOJIEH, TUTaH, KOPO31MHOCTINKA CTaldb, FEPMETUYHICTh, MIKPOCTPYKTYpa, MassHUMA
By30JI, TBEpAWMNA pO3UYMH, pEAKLUIAHUN Iap, MINHICTh Ha 3pi3, IOKPUTTH,

MIKPOTBEPAICTb.
ABSTRACT

Kovalchuk P.V.  Brazing technology Kovar in a homogeneous and
inhomogeneous combination. - Qualifying scientific work on the rights of the

manuscript.

The dissertation on competition of a scientific degree of the doctor of philosophy
on a specialty 132 “Materials science” (13 - Mechanical engineering). - E.O. Paton

Electric Welding Institute, National Academy of Sciences of Ukraine, Kiev, 2021.

The dissertation is devoted to the development of the technological process of
applying a barrier coating on a titanium alloy, high-temperature brazing filler metals
and the technological process of brazing brazing Kovar in a heterogeneous and

homogeneous combination.

Constructions of precision materials, characterized by given physical
characteristics, are widely used in various industries: instrumentation, aerospace
industry and others. In the literature there is information on brazing of precision alloys,
in particular, for the electronics industry, but there is almost no information on brazing
of these alloys with other materials, in particular with chemically active and refractory
metals (titanium, molybdenum). Modern developments in the field of instrumentation
require the implementation of such connections in the manufacture of a wide range of

individual components (photodetectors, high-sensitivity optical elements, etc.).

The main problems encountered when joining Kovar in a heterogeneous
combination are caused by differences in physical and mechanical properties, in
particular the temperature coefficients of linear expansion, the chemical composition
of the materials being combined. Such differences lead to the appearance of
intermetallic phases in the interphase sections and significant internal stresses, which

degrade the mechanical properties, and, with the rest, can cause the destruction of the



product. In order to improve the quality and reliability of heterogeneous joints Kovar -
titanium, molybdenum, it is necessary to develop and apply techniques aimed at
improving brazing materials, technological approaches and optimization of

temperature and time parameters that cause the formation of tight connections.

The aim of the work is to develop a technological process of vacuum high-
temperature brazing Kovar in a homogeneous and heterogeneous combination with
titanium, molybdenum and stainless steel, which provides the necessary tightness and

efficiency of the brazed joint.
The scientific novelty be that:

1. The peculiarities of the wetting process are established and the physical and
metallurgical processes of the filler metal interaction with the base metal (Kovar,
titanium, molybdenum, corrosion-resistant steel) during spreading are studied. It is
proved that the use of solders of the Cu-Mn-Co system increases the spreading area by:
Kovar 2.8 times; on corrosion-resistant steel - 1.7 times; for molybdenum - 1.8 times.
This is achieved by growing the heating temperature due to the increase in liquidus
temperature with increasing cobalt concentration from 0.5 to 4.5%. It is determined
that the magnitude of the contact angles formed between the PSr72 - filler metal and
the base metal is characterized by a small value about 11° - on a substrate of Kovar
and 1°50” - on a titanium substrate. The contact angles formed by the use of solders of

the Cu-Mn-Co system are in the range of 5-27°.

2. It was determined that increasing the concentration of Co from 0.5 to 4.5%
in the Cu-Mn-based filler metal leads to growing the shear strength from 374 MPa to
434 MPa of brazed joints Kovar with corrosion-resistant steel (at a constant exposure

time of 3 minutes).

Increasing the holding time from 3 to 30 minutes at high-temperature brazing
of dissimilar joints Kovar with corrosion-resistant steel reduces strength from 434 to
248 MPa.

3. It is proved that the reduction of the gap from 100 to 20 pm during high-

temperature vacuum brazing of Kovar joints helps to increase the strength from 297 +



10 to 408+6 MPa and changes the morphology of the weld metal by growing the
volume fraction of phase (FeMnCo)x (NiCu)y.

4. It is established that the rise of the brazing time from 1 to 15 minutes at high-
temperature vacuum brazing of heterogeneous joints Kovar whith molybdenum using
the Cu-Mn-4,5Co filler metal, helps to increase the width (from 1 pm to 3 um) of the
reaction layer Mo-Fe, which is formed at the interfacial boundary of molybdenum-

filler.
The practical significance of the work includes:

A brazing filler metal for high-temperature vacuum brazing of dissimilar Kovar-
molybdenum (stainless steel) joints has been created. A two-stage method of applying
a barrier coating on a titanium alloy is proposed and implemented, which ensures its
integrity under the thermal regime of high-temperature vacuum brazing of
heterogeneous joints. The developed brazing process was implemented at the
enterprise of KP SPB "Arsenal”, which is confirmed by the relevant act of

implementation.

The first section presents the results of an analytical review of literature sources
on the dissertation. Analysis of the literature data on the Kovar compound in
homogeneous and heterogeneous joints (molybdenum, titanium, stainless steel) in
different ways showed that the direct contact of the constituent components of the
alloys forms intermetallic layers, which affect the characteristics of heterogeneous
joints. Brazing of Kovar by industrial brazing filler metals indicates that the main
problem is the destruction of brazed joints associated with the penetration of brazing
filler metal along the grain boundaries. Fracture begins at the point of maximum
concentration of tensile stresses and is gradual (progressive). High-temperature brazing
Is the dominant method of obtaining one-piece joints due to the ability to preserve the
original structure of the base metal, which is provided by the selection or development

of the optimal composition of the brazing filler metal and the thermal cycle of brazing.

The main types of brazing filler metal used for brazing this type of materials are

shown. Unfortunately, the mechanical properties of brazed joints are extremely poorly



covered, which does not give a complete picture of the characteristics and performance

of these pairs of materials.

The second section considers the main physical and mechanical properties of
materials: Kovar, titanium, stainless steel and molybdenum. The equipment used in the
development and research of high-temperature brazing filler metal for high-

temperature vacuum brazing is presented.
The method of obtaining barrier coatings on titanium is described.

The study of the melting temperature of the experimental brazing filler metals

was performed using a high-temperature differential thermal analysis of VDTA-8M3.

The experimental samples were heated using radiant heating in a vacuum unit

SVG-2.5 (vacuum not more than 7 x 1073 Pa), and using a kerosene burner.

The structure of the brazing filler metal and brazed joints was examined using a
TescanMira 3 LMU scanning electron microscope equipped with an Oxford
Instruments X — max 80 mm2 energy-dispersive spectrometer controlled by the INCA
software package. The locality of micro-X-ray spectral studies did not exceed 1 um.
The distribution of chemical elements and the survey of microstructures were
performed in backscattered electrons (BSE), which allows the study of samples without

chemical etching.

The microhardness of brazed samples obtained using experimental brazing

alloys was measured on a microhardness tester PMT-3.

The mechanical properties of brazed joints at room temperature were
investigated on a universal testing machine ZDM 10 designed for tensile, compression,

bending samples of ferrous and nonferrous metals.

The third section is devoted to the study of physical and metallurgical processes
in the interaction of brazing filler metal with the parent metal during spreading on the

parent metal.

The influence of cobalt on the liquidus temperature of the Cu-Mn system brazing

filler metal was studied. Based on the obtained research results, brazing filler metal



compositions are selected that are acceptable for high-temperature vacuum brazing of
dissimilar alloys. The influence of brazing temperature on the patterns of brazing filler

metal spreading is shown.

The fourth section examines the effect of temperature and time parameters, pre-

treatment of the base metal on the structure and mechanical properties of brazed joints.

The results of micro-X-ray spectral studies of the formation of the structure of
brazed joints obtained using experimental brazing fillers metals are presented. The
influence of mutual diffusion processes and nonequilibrium crystallization conditions
on the metal structure of the brazed weld-seam is shown. The technological process of
brazing, production of mock-ups of heterogeneous and homogeneous joints is

described.

The results of mechanical tests of brazed joints of dissimilar materials with
different physical properties are shown. It is established that the use of copper-based

brazing fillers metal provides stable short-term strength at room temperature.

The fifth section describes the technological process of brazing, making mock-
ups of heterogeneous and homogeneous joints. The distribution of microhardness in
brazed joints was studied. A study of the performance properties of mock-ups of

heterogeneous joints Kovar - titanium by non-destructive testing methods.

Keywords: vacuum high-temperature brazing, brazing filler metal, Kovar,
molybdenum, titanium, stainless steel, tightness, microstructure, brazed unit, solid

solution, reaction layer, shear strength, coating, microhardness.
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