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B craThe paccMOTpeH BOIIPOC COeAVMHEHUs AJIOMHHHIA TUTAHA cucTemMbl Ti—
Al-Cr meTomoM IIpeccoBOl CBAPKU C IPHMMEHEHNEeM HAHOCTPYKTYPUPOBAHHBIX
MHOTOCJIOMHEIX ITPOMEXKYTOUHBIX HpocyioeK mpu Temmneparype 700°C, masie-
uuu 200 MIla, Bpemeru 15 muH. BoimoaHeHBI MeTaLIorpapuuecKue 1 MUKPO-
PEHTTeHOCIIeKTPaJbHbIE MCCJIEIOBAHUs. Y CTAHOBJIEHO, UTO OTKUI CBAPHOTO
coequnenus npu 1260°C, 10 u. obecrieuns guddys3uio 3IeMEeHTOB IPOMEKY-
TOYHOH IMTPOCJIONKY B IPUKOHTAKTHBIE 00 HEMBI COEIUHAEMBIX METAJIJIOB U BhI-
PaBHUBaHUE CTPYKTYPhI CBAPHBIX COMUHEHMMA.

VY craTTi posriaHYyTO NUTAHHA 3’ €THAHHSA adoMiHiny turany cucremu Ti—Al—
Cr MeTOZ0I0 IIPECOBOTO 3BapIOBAaHHA i3 3aCTOCYBaHHAM HAHOCTPYKTYPOBAHUX
faraTomniapoBuUX OPOMiKHUX mpoInapkiB 3a temmeparypu 700°C, tucky 200
MITa, gacy 15 xB. Bukonano merasorpadiusi Ta MiKpOPEHTI'€HOCIIEKTPAJIbHI
JocaimsxeHHsa. BeraHosieno, mio Bignasn ssapHoro 3’eguanas mpu 1260°C, 10
rof. 3abe3neunB JUPysiio eJJeMeHTiB IPOMisKHOTO MPOIIIapKy B MPUKOHTAKTHI
00’eMu MeTaiB, 1110 3’€JHYIOTHCA, i BUPiBHAB CTPYKTYDPY 3BapHUX 3’ €IHAHb.

Joining of titanium aluminide of the Ti—Al-Cr system by pressure welding
using nanostructured laminated interlayers at a temperature of 700°C, pres-
sure of 200 MPa and time of 15 min is considered. Metallographic examina-
tions and x-ray spectral microanalysis are carried out. As revealed, the an-
nealing of a welded joint at 1260°C for 10 h provides diffusion of elements of
the interlayer into the near-contact volumes of metals being joined as well as
levelling of structure of the welded joints.

KaroueBsie ciioBa: AJIOMUHUA THUTaHa, IIpeccoBasd CBapKa, IIPOMEXYyTOUYHAadA
HpOCJIOfIKa, OTIKHUTI.

(IToayueno 1 oxkmabpa 2010 e.)
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1. BBEJEHUE

Meron mpeccoBoii cBApKHW B BaKyyMe IIO3BOJIAET YMEHBIIUTL TepMUUe-
CKOe BINSHUE Ha COeUHAEMbIe IeTau II0 CPaBHEHHTIO ¢ AUPPY3MOHHOH
CBapKOIi, IOATOMY B Psjlie CJAyUaeB OH ABJIAeTCA Hanboiee IpHUeMIeMbIM
MmeTomoM coenuHenus [1]. IIpu Takom MeTone coefVHEHNe OCYIIeCTBIA-
eTcs 3a CUeT MHTEHCUBHOI MJIACTUYECKOH medopMaliuy ITOBEPXHOCTEMH.
Taxk Kax HAHOCTPYKTYPHUPOBAHHLIEC IIPOCJTOMKKM MMEIOT OOJBIITYIO Au(-
(bysHOHHYI0O eMKOCThb, TO HAJIWYNEe HAHOCTPYKTYPHUPOBAHHOTO COCTOSA-
HUS IPOMEKYTOUHLIX BCTABOK YJIYUIIUT YCJIOBUSA 00pa3oBaHHA COeIU-
HeHUA 9TUM METOJO0M.

B pabote [2] ycTaHOBIEHO, UTO HAIWYNE IPaINeHTHLEIX HAHOCTPYKTYP
Ha moBepxHocTu TuTana BT1-0 mosBosigeT CHU3UTEL TeMIIepaTypy IIpec-
coBoii cBapku Ha 150°C u, TeM caMbIM, M30e€:KaTh HeKeJIATEIbHBIX
CTPYKTYPHBIX IIpeBpallleHnii B MeTaJlie 30HbI KOHTaKTa.

2. MATEPUAJIBI U METOOUKA 9KCIIEPUMEHTA

IIpeccoBasa cBapka o0pasmoB adoMuHHIA TUTaHa cucteMbl Ti—Al-Cr
OCYIIeCTBJIAJIACh B BAKYYMHOM KaMepe YCTaHOBKHU ¥ -874 ¢ mpuMeHeHU-
€M HaHOCTPYKTYPUPOBAHHBIX IPOCJOEK M3 MHOTOCJIOWHBIX IPUCATOK
Ti/Al Tonuiunoi 0,05 MM, TOJIYYeHHOM METOIOM 3JIeKTPOHHOJIYUEBOT'O
ucnapeHusa U KOHJIeHcAIIuM U3 mapoBoii (assl [3], B KoTopoii ciaou Ti u
Al uepenyiorca Mexay coboil ¢ mepuogoM a0 1 MKM (CyMMa TOJIITAHEI
oxuoro ciaosa Al u onguoro cioa Ti) (puc. 1).

Puc. 1. 9/1eKTPOHHO-MUKPOCKOIMUECKOe M300pakeHre MUKPOCTPYKTYPHI II0-
IIepevyHOro paspesa o0pasioB (Posru mocie ocaxkaeHusd. CBeT/IBIE MOJOCH —
CJION TUTaHa,; TeMHBbIE II0JIOCHI — CJION AJIIOMUHUA.
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O6pas1sl cBapuBaauch mo pexumy: 1., = 700°C, P, = 200 MIIa, ¢, =
= 30 muH.

3. OBCYIAEHUE PE3YJIBTATOB

ITocisie cBapku maBieHreM mHTepMeTaLIugHoro cuaasa Ti—Al-Cr B au-
TOM COCTOSIHUU C IIPHMEeHeHUeM MHOTOCJIONHON HAHOCTPYKTYPUPOBaH-
Hoii mpucaaku Ti/Al, B 30He coequHenusa HAOIIOgaeTCSa IPOCIOKa, KO-
TOpasi COCTOUT M3 TPeX CJIOEB: IBYX BHEHIHUX — AUPDPY3HLIX 30H CO
CTOPOHBI OCHOBHOTO MeTaJlJla M BHYTPEeHHero — M3 MaTepuaJja IIpoCcoi-
Ku (puc. 2).

Onrtuueckoii mMerajsaorpaduell BBIIOJHEHBI HCCIETOBAHUSA MUKPO-
CTPYKTYPhI CBAPHLIX COEIUHEHNI, MUKPOPEHTTeHOCIIEKTPAJIbHBIM aHa-
ausoMm — pacupeznenenne Ti, Al, Cr B 30He KoHTaKTa (puc. 3).

IIpenBapuTenbHBIMU HccaemoBanuAMUu YcruHoBa A. W. [4] ycTaHOB-
JeHO, UTO IPU MeIJIeHHOM HarpeBe 00pasIloB MHOTOCIONHBIX (hOJbT
Ti/Al B uurepBane temnepatryp 300—600°C mpoucxomAar, mo KpaiiHei
Mepe, Tpu (asoBLIX IIpeBpaillenus. CpaBHeHUe pe3yJIbTATOB aHaJIM3a
u3MeHeHUus: (PasoBOro cocTaBa (DOJIBT IIPU IMOBLIIIEHNN TeMIIEPATYPhI 1
pe3yJabTaTOB MCCJIEAOBAHUA MHUKPOCTPYKTYPBLI MO3BOJAET IIPEAIOJIO-
JKUTH CJEAYIOIIYI0 CXeMy IIpeo0pas3oBaHUII B BHUIEe IIEIIOUYKHU:
TiAl; — Ti,Al, — TiAl, — TiAl.

CxeMma yuYuTBIBaeT (paxT IocjiegoBaTe bHOro obpasoBanus das, B Ko-
TOPBIX CHUCTEMATHUUECKUN YMEHBIIIAeTCsS COAepsKaHue aJlOMUHUSI U yBe-
JUYUBaeTcA colep:kanue tutana. Ormeuaercs, uTo mpu (Gas3oBBIX MIpe-

i /

Puc. 2. MUKPOCTPYKTYpa 30HBI COeIUHEHUSA AJIIOMUHN/[8 TUTAHA C MHOT'OCJIOM-

HOUM HaHOCTPYKTYPUPOBAHHOI IIPOMEXKYTOUHOI HOPOCIONKON IIociie CBapKuU.
x500.
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Puc. 4. CrpykTypa mpomeskyToumnoii mpocyoitku Ti/Al B cocrosuum mocie
CBapKH.

BPAI[eHUAX COXPAHAIOTCA MPU3HAKU CJOUCTOTO CTPOEHUS CTPYKTYPHI
IIPOMEYKYTOUHOM MPOCJONKK. VI3 npuBeIeHHBIX NaHHBLIX CJIENYET, UTO
IIPYU IPUMEHEeHNN HAHOCTPYKTYPUPOBAHHOMN MPOMEKYTOUHON IIPOCIIO-
KU IIPU CBapKe JaBJeHueM, MPOUCXOIUT MOCTEIeHHOe TpeBpalleHne ee
MOCJIOMHOM CTPYKTYPHI B CILIOIIHYIO B IIpOIlecce HarpeBa no pabouei
TeMIepaTypsl cBapku. MerajiorpapruuecKuMU UCCIAEOBAHUSAMU TIOJI-
TBEPIKAEHLI Pe3yJbTaThbl YcTHHOBA A. M. OTHOCHUTEJBLHO COXPaHEHUS
CJIONCTOTO CTPOEHUS ITPOMEKYTOUHON IIPOCJONKY mocae (pa3oBhIX IIpe-
Bparrenuii (puc. 4).

Ilocme BakyyMHOrO OTKHIra CBapHBIX 00pasIlOB MPU TeMIepaType
1260°C B Teuenue 10 yacoB IIpoCIOiKa B 30HE COeINHEHUI PACTBOPAET-
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csd B OCHOBHOM MeTaJjljie M 00pasyioTcs obIue 3epHa, UIeHTUYHBIE IC-
XOMHOW CTPYKTypPe OCHOBHOTO MeTaJjyia. JIMHUA KOHTAKTa MeEeKIYy CO-
eIMHAEMBIMU ITIOBEPXHOCTAMU He oOHapys:KeHa. JItobbie nedeKTh B 30HE
COeIVHEHUA OTCYTCTBYIOT (puC. 5).

XapakTep pacrpefeieHus JeTUPYIOIMNX 3JIEMEHTOB B COeITMHEHHBIX
obpasiiax aJTlMUHHUA TUTAHAa 0/ JefiICTBUEM OT:KUTa He UBMEHUJICA, a
MaTepuaj MPOMEKYTOUHOI ITPOCJONKYU MOJHOCTHI0O PACTBOPUJICA B OC-
HOBHOM MeTaJLie (puc. 6).

Puc. 5. MUKpPOCTPYKTYypa 30HEI COeIUHEHUS AJIIOMUHN/L4 TUTAHA C MHOTOCJIOM-
Hoit Ti/Al HAHOCTPYKTYPUPOBAHHOM MPOMEKYTOYHOM MPOCIONKOI mocye OT-
sxura. x500.

Puc. 6. PacnpeneﬂeHne 9JIEMEHTOB B COEAMHEHNH I10CJIe CBADKHU U OTHKUTA.
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B pesyabraTe BBEIIIOJTHEHHBIX MUKPOPEHTIEHOCHEKTPATbLHBIX HCCJIIE-
IOBaHUM 30HBI KOHTaKTa CBAPHBIX COeIMHEHUH aIIOMUHMUIa TUTaHA CU-

0

Puc 7. ®ororpaduy MUKPOCTPYKTYPHI cBapHOro 1miBa ciiaBa Ti—31Al1-4Cr (%
aT.) ¢ IPOMEKYTOUHOI IIPOCITIONKOM (a) u pacupeeeHre MHTEHCUBHOCTH U3-
ayuenus CrK, (06) Toro ke yuacTKa CTPYKTYDHI.

H,, MIla
6000+ A
5000:W M
4000
8000 Ty

Paccrosuue, MM

a

H,, MIla
8000 -
5000

F PP FFI S RF I

Paccroaune, MM
0

Puc. 8. 3Hauenne MUKPOTBEPAOCTU 30HBI CBAPHOTO COEIUHEHUS B COCTOSAHUU
ImocJjie CBapKu (a) M mocJjie BLICOKOTEMIIEPATYPHOTO oT:Kura (0).
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crembl Ti—Al-Cr, moJayUYeHHBIX ¢ IPIMEHEeHNEeM IPOMEKYTOUHBIX HAHO-
CJIOMHBIX BCTABOK, YCTAHOBJIEHO, UTO pacIpegeieHue JIerdPYIOIIuX
anemenToB (Ti, Al, Cr) B ocHOBHOM MeTaJlile paBHOMEPHOEe M HaXOJUTCS
B mpegenax Ti — 77,262-72,096 macc.% (66,65-65,48 at.%), Al —
20,753-20,6 macc.% (31,78-38,69 art.%), Cr — 1,938-7,129 macc.%
(1,54-5,69 ar.% ). HepaBHOMEpHOCTS 10 comep:;kaunio Cr B OCHOBHOM
MeTaJljie BbI3BaHA PA3HBIM €T0 COIEePIKAaHUEM B O,- U Y-haszax, KoTopas
ImoJiyueHa IIPU BBIMIJIaBKE CIUTKA, U XapaKTepuayeT pacTBopuMocTb Cr B
KaKIoli oTaenbHo# (pase (puc. 7).

WccaemoBanre MUKPOTBEPAOCTH OTAEJbLHBIX 30H CBAPHOrO COemMHe-
HUS ITOKa3aJi 3HAUNTeJIbHOEe MOBLIIIIeHNEe 3HAUCHUN B 30HE IIPOMEKY-
TOYHOII IPOCJIOUKH (puc. 8, a), BCpaBHEHUY C OCHOBHBIM METAaJIJIOM.

Bremmonnenue BnicokoTeMmiepaTypuoro otskura (1260°C, 10 uacos)
IIO3BOJINJIO He TOJbKO PACTBOPUTH MaTepPHUaJ IIPOCTONKM, HO M CHU3UTD
MUKPOTBEPIOCTL BCero coemauHeHus mo sHaueHuin 3500-4000 MIla
(puc. 8, 6), uTO XapaKTepu3yeT HAIUUNe TOMOTEHU3UPYIOIIUX IIPOIlec-
COB BO BpeMs TepMUUYECKOM 00pabdoTKHU.

OmpegeeHre MeXaHUYECKUX CBOMCTB CBAPHBIX COeIUHEHUI ITOKasa-
JIO, UTO IIPU HUCIBITAHWM HA PacTdKeHHe o0pasilbl paspyIllaloTcs BHE
30HBI JUHUY KOHTAKTa COeIUHAEMBIX IIOBEPXHOCTEMH, ¢ GOJIBIIIUM pas-
O6pocom sHaueHmui mpemgesa npounoctu (460,0-197,0 MIla). 9to moxkerT
OLITh OOBACHEHO TOJNLKO HAJIWUYHEM Je(eKTOB JIUThSA W UPEe3BLIYAKMHO
XPYIKOU CTPYKTYPHOM COCTABJIAIOIIETH.

4. BbIBO/1bI

Csapka amomuuuga tutaHa Ti—Al-Cr uepes Ti/Al mpome:kyToUHBIE
HAHOCTPYKTYPHUPOBAHHBIE IIPOCIONKU II03BOJIMJIA IIOJYYUTL CBapPHbBIE
COeTVHEHUWs MEeTOJOM IIPEecCOBOIl CBApKM IIPU TeMIepaTypax 3HaUH’-
reabHO HIKeE (700°C), uem mpu AudHy3MOHHOHA CBapKe.

Breicoxoremneparypubiil oTikur (1260°C, 10 u.) mosydeHHBIX cBap-
HBIX COeIUHEeHHU obecmeuns AUPPY3UI0 3JI€eMEHTOB IPOMEIKYTOUHO
MIPOCJIONKY B MPUKOHTAKTHBIE 00 beMbl COeIMHEHHBIX METAaJIJIOB U BBI-
paBHUBaHNE CTPYKTYPHI CBAPHBIX COeTUHEHUM.
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