i 46 35 11
2017 4F 11 H

mEERMISIRE
RARE METAL MATERIALS AND ENGINEERING

\Vol.46, No.11
November 2017

ALO;BEEE TIAl & ETHHIFIEk
A H AR Kt RE

FER, ERE, MR, £ M
Rk Rl ACERH A A S0 5%, K 300072)

# E: R AQCuTi S PEEF RSN T ALOs &5 TIAL A 4 EFIEEHE, R I8 7 BF AR B Sk 1 S0 1T 45 00 B HL A L
FEEAIT T AN AT AR S B0 2 3k ST A SURN B2 Sk 0 24 VR RE (K S ML o 5 SRR ALOs B S5 TIAL A S AT AR B2 3k 1y
B HASUN: AlOs/Tiz(Cu,Al);0/Ag(s.s)+Cu(s.s)+AICU, TI/AICU, Ti+AICUTI/TIAl. FF1EitfEd, TiAl FE ik i A E K
RV AR R D T B B Sk ST AL S T e B HLVE AL o B A B IR 1 T e A LR BN TR R SE K, AL Os i EEI ) Tis(Cu,
Al)3O S 87 214 J , T 4 rh R 0o A1 A BTHOIR. AICURTi A 45 400 48 58 B KK o 8 0 5 T S 2 2 £ 52 B R 4% v AIC U, T
AT T3 A L 17 e 4 B Sk IO HUBY BB . 4T JRIE D 880 °C, R 10 min i, HeSkMHiB s R K, A3
94 MPa, I 22 3k 10 7 24 T 2 2 TS AL O ) 8 3 10 L 1T B 2 M) B2 & I 2 A X

XBIF: TIAI &4 ALOs P& FHZER: FUmAR; HusymE

FEZESHS: TG54 XHERFRIRTE: A

YEHES: 1002-185X(2017)11-3282-06

Al O3 B & B AT 58 5 5 T B i v i O i DL R
PSR, EMESHUR. Tk, £ TAH
B AT 3RS T MR B BT ALO, MR E
B FL A 50 05 R R B RO, Lo AR AT S A AR R
PRI LA G, X PR T ALO; B TR
R . BRI, ¥ ALO; M&E S & JE ik, fetw
SCULE R S P E R 1) HL AR, SRAS AR B B A 4R %
H 051k B (0 4R - W S ER, TIAL & & B %
FEAG. WUsR AL . i et B . Pisin S A A
YOG AR I S0 A, EN T SRS T B
R R AT, R, 2Bl ALO; &S TIAl
AR, v LA KA E A% B R R
N R L, 0 O T 1) 28 A% Tl BR DA
P — AN E K A

H T, ALO; B &5 48 IERE 7 v R A T HUE
AT AR89 8O, AT 1R A% 78 B IR I IR
FE RN BTG R 6 N A R ek ik, BE
SN R R R ST ALO; BB A TiAl & & EF 12
MERAE T2 ALO3 B B X EF R T IR A 22, B S
BE R ME B R IF G 456, RIS e 52 iE
ek WA, 2 MEEM IR LR Y
HEREA ) E R ER K E SR, LHZHIK R

It HEA: 2016-11-15
EEWB: ExARB#ELEFEIELTH (51405332)

FZERK, RSP R ka R R N T,
TEEHISS kR e Re . BAT, SR MR R E I AR
PRl M —m ZERE R, HAHESMEERM
Ik [ B, B8 AR T 1 e BT 4 0 72 B i 1 R i
PR, TN TR IR Sk B AR AR T ) ) R, — kT
Wk EFRLESr  E S B O AT IR L R
BEAT AP, sk R R [, H AT
B TR RN LI, BRI AR
MR S5 . ML SCHR R, AgCuTi WG PEEFE D& sE
T ALO; Mg &S H & & Nb.Ni & 4 A% & 8 i
BRI B AE AL, W /5T 4 FL T e 3 AR
J% T FELEI Ti-O  Ti-Cu-O Ak &, & 4 vh i 1 %
FH R 356 (3] v A 0] 2 [ s 4 R 5 43 Ti-Cu Ak & P B
MESE—M, WAELER M-Ti M (M £RiZe
JBILE). MTHARESTEN Ti M A TENE S,
BEM I Tia Al MEF821E M, S8R E) Cu st ®m K
RN, AR AL-Cu-Ti A, AT e AR B 5 12 Sk 19 ST
MAURER R EDT, R, KT ALO;FE S TiAl
G RER NI A W ARIE, Rk AT
HEFN ) EMEREI R R, LA TIAl & & T 40k
R )52 M0 35 BLUR N 20 i, AR A B 1 e .

R, AWEFRA AgCuTi 3 M AT Rl B 4T 1R %

TEB BN FEE, 5, 1991 44, iit:, RERFMERSE TR0, KE 300072, Hif: 022-27405889, E-mail: niuwelding@tju.edu.cn



511

A ALOs MRS TIAI &6 H 2 FHR L AR Mg

© 3283 -

P& ALO; My % 5 TIAI & N4 Sk 1) S i 2L A0 1k e .
FIFERE S BRI X S ERATH OO 7T T £ R IR
JEE AN ORI 18] X T 48 4 Sk St T H A R, IR 9t
B SR BEVEA T AN TRLET AR 2% AR T ek g R R BE, 0 bT
TEHR LA LR S T2 R RERI R &

1 £ W

AGIG R 1) Al,Oqy M 8 R 45 1) 2 95
%, M EN 3.9 glem®, Lk R%h 6X10° €,
FRPEA B 382 GPa. SIS ATFH 4 WA A IE U1 B ALK
AlLO; P Z47) 5% 6.0 mm X 6.0 mm X 4.0 mm FHAFE

SEIGIERER TIAL & 462 SR FH K ¥ B 31 1 1 23
I8 5k 5 4 4 J7 % (induction skull melting, 1SM) %44
B, ZJETE 900 CHISILIB K ALEE 40 h, AT W kR
BE T B AA SF R IG B, SRS TE 1260 °C, 135 MPa %%
PEFEATT 3 h R A, R TRERE X
ZN TR KA . TIAlL & &84 Lo 9 Ti-43A1-9V-
0.3Y (JEF70%, %), HEMHMAL wE 1a fix.
R HTE TIAL &4 TN 25.0 mm X 7.0 mm X 2.0 mm
R /NHUREE, SRJGFH 200~1500# ) 4 HH W0 4635 208 15
JEFTE B . I8 T BT RN R AgCuTi By K EF
kh, o Ti RS ECN 2.5%, M ARE RO TR
it 1b s .

B S A K BT A BRE BN PR B R ORE 7R VS S 30 miin,
RN B RG4S AR A BB IR, Y SIRIRTE P B
Z ), BRI L R N LS B, 1B AT R E
UFEIARFE S, H ) B2 FE AR R AR 8X 10 Pa LAWY .
FFIERE VSN 840~940 C, {RiR M IE VLY 5~30
min, MFAFFEREZE S 5 C/min.

KA E S (SEM, S-3400). fEil (EDS) X
X SR ATHY (XRD, Bruker-D8) X 45 43 3k AL i
AT T 704, K H INSTRON 1186 H1- /5 fE R I ML
MR T Bk PIBT IR, RS inEGE E v 0.5 mm/min,
S FEE L 5 AN FE T

30 um

Bl 1 TiAl B0 AL URTRY A ST R O T 57
Fig.1 Micrography of TiAl substrate (a) and AgCuTi powder
filler (b)
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Fig.2 Interfacial microstructures of the joint brazed at 880 C
for 10 min: (a) the whole interface, (b) Al,O3 side, and
(c) TiAl side
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Fig.3 SEM images of brazing interfaces and EDS element map

scanning analysis: (a) microstructure of the brazed joint,
(b) Cu, (c) Ti, (d) O, (e) Al, and (f) Ag
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Table 1 EDS results of each spot in Fig.2 (at%)

Point Ag Cu Ti \Y Al ]
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B 84.02 1210 1.29 1.03 1.56 Ag(s.s)
C 196 56.19 24.25 2.30 15.30 AICu,Ti
D 410 8093 540 036 9.21 Cu(s.s)
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F 062 14.72 43.69 8.33 32.64 - B,

G 033 279 48.09 7.43 41.36 y-TiAl
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Fig.4 XRD patterns of area | (a) and area Il (b) of the joint
brazed at 880 C for 10 min
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Fig.5 Microstructures of Al,Os/TiAl joint brazed for 10 min at
different brazing temperatures: (a) 840 ‘C, (b) 900 C,
(c) 920 °C and (d) 940 C
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Fig.6 Microstructures of Al,Os/TiAl joint brazed at 880 °‘C for
different holding times: (a) 5 min and (b) 30 min
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Fig.7 Effect of brazing parameters on shear strength of Al,Os/
TiAl brazed joints: (a) brazing temperature and (b) holding

time
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Fig.8 Fracture morphologies of Al,O3/TiAl joints brazed at

880 ‘C for 10 min: (a) fracture path and (b) fracture

surface of the brazing joint
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Interfacial Structure and Properties of Al,O; Ceramic and TiAl Alloy Brazed Joints

Niu Guobin, Wang Dongpo, Yang Zhenwen, Wang Ying
(Tianjin Key Lab of Advanced Joining Technology, Tianjin University, Tianjin 300072, China)

Abstract: Al,O3z ceramic and TiAl alloy were brazed with AgCuTi filler and the interfacial structure with the change of brazing parameters
as well as the forming mechanism of the joint were studied. The results show that the typical interfacial microstructure of the brazed joints
is Al,O3/Ti3(Cu,Al)s0/Ag(s.s)+Cu(s.s)+AlICu,Ti/AlCu, Ti+AICuTi/TiAl. During the brazing, Ti and Al can dissolve from the TiAl substrate
and make a major impact on the microstructure and mechanical properties of the brazed joints. With increasing of brazing temperature and
time, the thickness of Tis(Cu,Al)sO reaction layer increases and the blocky AICu,Ti compounds aggregate and grow up gradually, which
influences collectively the mechanical properties of the joint. The average shear strength reaches a maximum of 94 MPa with the joint
brazed with 880 <C/10 min. The crack primarily propagates at Al,O substrate and partially along the reaction layer.

Key words: TiAl alloy; Al,O3 ceramic; brazing; interfacial microstructure; shear strength
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