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Microstructure and strength of brazed joints of
Tis Al base alloy with different filler metals
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Abstract: The interfacial microstructure and properties of brazed joints of TizAlbased alloy were investigated.
The effects of different brazing fillers on interfacial microstructure and shear strength were studied. And the opti-
mum joining parameters were given. The brazed joints were qualitatively and quantitatively analyzed by means of
EPMA, SEM and XRD. The results show that using brazing filler NiCrSiB, TiAl;, AINi2Ti and Ni[s, s] are
formed at the interface of joint, and the formation of Ti3 Al and AIN#2Ti decreases the shear strength. Using brazing
filler TiZrNiCu, Ti2Ni, Ti( Cu, Al)2 and T1i[ s, s] are formed at the interface of joint, the formation of intermetallics
Ti2Ni and Ti( Cu, Al) 2 decreases the shear strength. Using brazing filler AgCuZn, TiCu, Ti(Cu, Al)2 and Ag[s, s]
are formed, the shear strength of the joint is decreased because of the formation of TiCu and Ti( Cu, Al)>. Using
brazing filler CuP, CusP, TiCu and Cu[ s, s] are formed at the interface of the joint, the former two intermetallics

decrease the shear strength. The analysis also indicates that using brazing filler NiCrSiB, the optimum brazing pa-
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rameters for the joint are joining temperature 7= 1373 K, joining time t= 5Smin, and the maximum shear strength is

219. 6 MPa. To the brazing filler TiZrNiCu, the optimum parameters are temperature 7= 1323 K, joining time ¢=

5 min, and the maximum shear strength is 259. 6 MPa. To the brazing filler AgCuZn, the optimum parameters are

joining temperature T'= 1173 K, joining time t= 5 min, and the maximum shear strength is 125. 4 MPa. To the bra-

zing filler CuP, the optimum parameters are joining temperature 7= 1223 K, joining time t= 5 min, and the maxi

mum shear strength is 98. 6 M Pa.

Key words: Tis;Altbased alloy; brazing; interfacial microstructure; shear strength
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Table 1 M echanical performances of

Ti: Al base alloy

a,/ G/ & K./ t/
MPa MPa % (MPa*® m'?) h

Composition

TrAl14Nb27 790~ 831 977 2.173.3 16.8 59.5760

R2EPR Y RNk fE
Table 2 Composition and property of

brazing fillers

Chemical Melting
Filler composition/ temperature/
% C
NiCrSiB NrCr7-Si5 B3 Fe3 970~ 1 000
TiZrNiCu TtrZr35 Nil5 Cul5 830~ 850
AgCuZn AgCu347Znl6 690~ 775
CuP CuP7.1 710~ 800
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Fig. 1 Sketch of brazed joint (unit: mm)
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Fig. 2 Backscattered electron image( a) and
line scanning distribution of elements(b, c)
at TisAl/ NiCrSiB/Tis Al interface
(T= 1273K, &= 5 min)
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Table 3 Average content of major elements in
each reaction layer of Ti3A1l/NiCrSiB/ TizAl

(mole fraction, %)

Element I I il
Ti 19. 41 28. 45 6.81
Al 54.76 20.32 6.36
Nb 15.58 0.96 0.13
Ni 3.79 49.20 79.50
Cr 0.42 0.89 6.02
Si 6. 04 0.18 1.18

H£ 4 TiAVTIZeNiCu/ Tis A1 8z k% # A )
J§ 53 73 Wt 45 R
Table 4 Average content of major elements in
each reaction layer of Ti3A1l/ TiZrNiCu/ Tiz:A1

(mole fraction, %)

Element I 1I I
Al 1.41 37.30 0.36
Ti 57. 485 20. 45 54.05
Ni 19. 96 1.37 15.23
Cu 19. 32 38.77 21. 65
Nb 0.58 0 0
Zr 1.25 2.1 8.70
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B3 Tis A/ NiCrSiB/ Tis A1 #3k W F i) X 565 28 AT 56 3%
Fig. 3 XRD pattern of fracture surface of
TizAl/ NiCrSiB/ Ti3Al joint
(T= 1273K, &= 5 min)
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Fig. 4 Backscattered electron image( a) and
line scanning distribution of elements (b, c)
at TisAl/TiZrNiCu/ Tiz Al interface
(T= 1223K, ¢= 5 min)
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Fig.5 XRD pattern of fracture surface of

TizAl/ TiZrNiCu/ Ti3Al joint
(T=1223K, t= 5min)
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Fig. 6 Backscattered electron image( a) and

line scanning distribution of elements (b, c)

at TisAl/ AgCuZn/ Ti3Al interface
(T= 1173K, t= 5 min)
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Table S5 Average content of major elements in
each reaction layer of TisAl/ AgCuZn/TizAl

(mole fraction, %)

Element I, 1 I, 1
Ti 22.57 2.70
Al 40. 47 0
Nb 16. 63 1.51
Cu 19.22 2,07
Zn 0 1.28
Ag 1.12 92.25

»— Ti(Cuy, Al),
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Bl7 TizAl/ AgCuZn/ Tis Al 335 W7 (0 X SR A7 5 i
Fig.7 XRD pattern of fracture surface of

TizAl/ AgCuZn/TizAl joint
(T= 1173K, t= 5min)

K CuP 5T RIER: T Al &SR LT
PHE Rt R LR A 8 Frox . A, 1
Xl BEA RETRL 2 T 1 L 40IR X sk, TTIX K B
AR RIS T XAHAR AL A A /N 2R 20K
YR . NTCREHH A vl LUE H: &N ICREK
AT —ERERYE, Y\EN 1173 K N, 7E1



BISHELE 1Y

WS, A RNFETRLXT Tis A1 JE A S 6T 48 5 Sk 0 R J 7 T MO 2L 23 5 1 © 29 -

XEHERKEK TiJLH, Cu.PILEMMLET X
SRTE, BEATEMIX ST REJE R T Ti« Cu 1 P
MG, X AEPEXIR, & & Cu P BrAK X
SFERATHE( B 9) Wow, FU BRI Y R
CusP F TiCu . HEHU « L4 « 5553 #7 (K 6)
X AT AR T A, MR Ti TEKET
B SR b, 7 ST AR AN BEA IO SR 1) Cu O
R T 4B AL &Y TiCu, Cu JTCEM P JLE KN
AT CusP fatEE B EY) . mkara: T X
AR E) /DB FEZEZH CusP M TiCu AL, 1M
TTIX A ) 8 DX 3 A TR} R AR X

K8 CuP &FkHE:LE B 15 (a) K
TLERLHH (b, ¢

Fig. 8 Backscattered electron image(a) and

line scanning distribution of elements (b, c)

at TizAl/ CuP/ Ti3Al interface
(T=1173 K, t= 5 min)
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Fig.9 XRD pattern of fracture surface of
TizsAl/ CuP/TizAl joint ( mole fraction, %)
(T= 1173K, &= 5 min)
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Table 6 Average contents of major elements in
each reaction layer of TizAl/ CuP/Ti;Al

(mole fraction, %)

Element I I il
Ti 32.89 25.41 3.98
Al 5.69 0.76 0.08
Nb 1.85 0.52 0
Cu 51.52 57.55 70.92
p 8.05 15.76 25.02
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Fig. 10 Effect of brazing parameter on shear strength with different filler metals
(), (8) —Tis AV NiCrSiB/ TisAL; (b), (b) —TisAl/TiZeNiCu/ Tis Al;
(¢), (¢) —TisAlV AgCuZn/ TisAl; (d), (d) —TisAl/ Cu-P/ TisAl
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i, BB U)o R W S, EERIEEA
1223 Kif, kMBI Y58 AL B KA 98. 6 MPa. #7
R ARFRAE 1223 K I, i Remt a3 N, #
Sk R BY D) 58 BE S 3 I ) B W BRI, AR I B I TR R
5 minff IR, SIERN KT 5 min i, #:3k
(BT 1) o P 0 7 BTG . X 2 TSR CuP 4T
B TisAl 26 & & HHATAF IR R, ST EAERT
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2) KH TiZrNiCu PR Tis Al B & & AT EF
FRIN, FEETRLS BEM SR AL FET BL A A R B R
X ak B, o 2 A R A S Y[ TiNi +
Ti( Cu, Al)o] A1 Ti BERE A, 1 H b 2 B 2 1)
Bn, [TiNi+ Ti(Cu, Al)] 3900, Ti 5 FE AR
b, MIBEFE 1323K B, [ TiNi+ Ti(Cu, Al)]
SRECAE T T R b, sk BRI A .
BEE ER IS TR) ) 3, & o R EOR N S N 78 4,
& JE AL AR, Ti &R RN D o 7RI
WA 1323K W, #2308 U) s fE & KA
253. 6 MPa.

3) KH AgCuZn £F BRI Tis Al & & BEAT 4T
B, R AR T HE R RMEZE: TiCu f
Ti(Cu, Al B ML EDZ M Ag FE[EWE)Z, b
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WAL, FEEERRER IS, CusP Al TiCu 1
I, Cu ZE[E AR . BEEER N A B3 I, &
R HURNE MRS, EF YRR 14 R ]
&M . AEERRE R 1223 K I, #3L 1)
SR Kk 98. 6 MPa.
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