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Stabilization of Strength of Bonded Joint with TiAl Alloy / Cr-Mo
Steel by Buffer Material

Hirotsugu Horio

Synopsis

TiAl alloy has been applied to turbine wheels in turbochargers of automobiles, from the viewpoint of high tensile properties
and high creep strength at elevated temperature. The welding and joining techniques have been needed to join the turbine wheels
made of TiAl alloy and the steel shafts.

The transition liquid-phase diffusion bonding process was carried out to join TiAl alloy and Cr-Mo steel with Ni brazing filler
sheet. A buffer material with the thickness of 0.5 mm was inserted between the bonding interfaces. It consists of 19Cr heat-
resistant ferritic stainless steel with low carbon. Tensile property of bonded joints with the buffer material was investigated by the
heat cycle test at 1000 cycles from 343 K to 923 K and the thermal exposure test at 923 K during 1000 h. Diffusion situation on
the bonded interface was observed by electron probe micro analyzer (EPMA).

The buffer material can have the following effects.

o Getting stable high tensile strength of bonded joint because of suppressing generation of carbides at the bonded interface.
e Keeping tensile strength of bonded joint stable after the heat cycle test and the thermal exposure test.

e Blocking the diffusion of carbon in Cr—Mo steel into TiAl alloy.

e Having the oxidation resistance of substantially equal to that of TiAl alloy at 923 K.
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Fig. 1. Coefficient of linear thermal expansion of base

metals and buffer material.

Table 1. Chemical composition of base metals and buffer material (mass%).

C Si Mn p S

N1 Cr Fe Nb | Al Ti | Mo

TiAl alloy| - 0.2 - - - - 1.0 - 4.8 | 33.5 | Bal. -
SCM435H 10.35]0.200.7010.003|0.002| - 1.0 |Bal. - - - 0. 20
steel
Buffer [0.015/0.20(0.20|0.020.001{0.23|19.5(Bal. |0.320.002|0.003|0.07

material
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Fig. 2. Dimension of bonding test specimens. a) TiAl
alloy. b) SCM435H steel.
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Fig. 3. Dimension of buffer material specimen.
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Table. 2. Bonding condition.

Filler JIS 7 3625 BNi-3
Ni-Si-B type
Bonding temperature (K) | 1293, 1323, 1373
Holding time (s) 30
Bonding pressure (MPa) 5.0
SCM435H
steel
Buffer material Filler metal
Induction /
heating coil \ u

TiAl alloy

LT

Fig. 4. Schematic diagram of bonding equipment.
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Fig. 5. Condition of heat cycle test.
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Fig. 6. Result of tensile test of TiAl alloy and SCM435H
steel bonded joints.
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Fig. 7. Appearance of fractured TiAl alloy and SCM435H
steel bonded joints (bonding temperature: 1323
K).
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Fig. 8. Ti and C distributions of TiAl alloy and
buffer material bonded joint and TiAl alloy
and SCM435H steel bonded joint (bonding
temperature: 1323 K).
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and SCM435H steel bonded joint (bonding
temperature: 1323 K).
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Fig. 10. Effect of bonding temperature on tensile
strength of TiAl alloy and SCM435H steel bonded joints
with buffer material.
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Fig. 13. Appearance of Bonded joints after thermal
exposure test at 923 K during 1000 h.
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Fig. 14. Ti and C distributions of TiAl alloy and buffer
material bonded joint and TiAl alloy and SCM435H steel
bonded joint after thermal exposure test at 923 K during
1000 h.
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