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Table 1 Chemical composition of
TiAl (mole fraction, %)
Ti Al Ni Cr Nb
50. 96 47.20 1.17 0. 56 0.11

T2 40Cr W HLF oY
Table 2 Chemical composition of
40Cr steel ( mass fraction, %)

C Mn Si Cr
0.37~ 0.45 0.50~ 0. 80 0.20~ 0.40 0. 80~ 1.10
Ni S p
0.18 0.012 0.01
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Table 3 EDX analysis at TiAl/40Cr interface

Diffusion x/ %
layer Ti Fe Cr Nb Al C

I 40.53 24.34  3.04 0.11 31.82 0.17

11 56.6  4.44  0.97 0.12 0.72 37.15

i 0.97 93.63 1.35 0.08 3.85 0.13
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1 TiAl/40Cr 23k i 4 AL 2R
M etallographs at TiAl/40Cr joint
(a) =T= 1173 K, ¢t= 30 min;
(b) —T= 1323 K, t= 30 min
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Fig.2  X-ray diffraction pattern of

fracture surface of TiAl/40Cr joint

(TiAl side, T= 1373 K, t= 0.6 ks, p= 20 MPa)
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Fig. 3 Schematic of interfaces in intermediate layers of TiAl/40Cr
(a) —Physical contact; (b) —Formation of TiC and decarbonized layer;

(¢) —Formation of TizAl+ FeAl+ FeAl; layer; (d) —Growth of reaction layers
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Fig. 4 Relationship between reaction layers

thickness and bonding time ( 7= 1 373 K)
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Fig. 5 Relationship between total reaction
layers thickness and bonding time at

different temperatures

200

T=1223K

150 P=20MPa

501

0 1 2 3 4 5 6 7 8
Thickness/um
6 Pk SRNZEEERRR

Fig. 6 Relationship between thickness of

reaction layer and tensile strength
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M etallurgical

Interface structures and phase growth of

TiAl/ 40Cr diffusion bonded joint

FENG Jrcai, LI Zhuo-ran, HE Peng, ZHANG Bing-gang
(National Key Laboratory of Advanced Welding Production T echnology,
Harbin Institute of Technology, Harbin 150001, China)

Abstract: TiAl intermetallic compound was joined to 40Cr steel by diffusion bonding at the temperature range of 1 173~ 1 373 K

for 0.3~ 5.4 ks in vacuum. Reaction phases and interface structures were investigated by SEM, EPMA analysis and XRD diffraction

method. At the bonding temperature of 1 373 K, four phases of TiC, Tiz;Al, FeAl and FeAl, were established and three layers were

formed in the TiAl/40Cr joint, the interface structures were observed as TiAl/ TizAl+ FeAl+ FeAly,/ TiC/ decarbonized layer/ 40Cr

steel. The total reaction layer grows with the joining time following the parabolic law, the activation energy  and rate constants kg

for the growth are 211.9 kJ/ mol and 4. 6 x 10” > m?/s respectively. At the 0.3 Hm reaction layer thickness of TiC+ TisAl+ FeAl+

FeAl,, the maximum strength of the TiAl/ 40Cr joint is up to 183 MPa at room temperature.

Key words: TiAl; diffusion bonding; interface structure; reaction mechanism; joining strength
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