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Interface Separation Phenomenon in Ti—20mol%Al Alloy/Iron Material Joints

Yasuhiro MORIZONO, Yoshikazu KODAMA, Takateru Y AMAMURO and Minoru NISHIDA

Synopsis : Ti—20mol%Al (Ti—20Al, i.e. Ti—12.3mass%Al) alloy was diffusion-bonded to eutectoid steel at 1273 K for 3.6ks in a vacuum. The joint had
a space of a few micrometers in thickness between the Ti-20Al alloy and the steel, and several specimens separated near the interface
promptly after the bonding treatment. This phenomenon, which is referred to as “interface separation”, is known to depend on alloy composi-
tion, bonding temperature and holding time. This paper describes the influence of carbon content in iron materials on the interface separation.
Four kinds of carbon steels, an alloy steel and a cast iron were used as a mating material for the Ti-20Al alloy. Diffusion bonding was carried
out at 1273K for 3.6ks in a vacuum. The diffusion of constituent elements into each parent material and the formation of reaction phases
were observed in the vicinity of the interface in all cases. The interface separation was clearly seen in the joints with the carbon steels and the
cast iron containing more than 0.82 mass% C. It was also confirmed that the space formed near the interface spread to the iron material side.
On the other hand, the bonding of the Ti-20Al alloy to the alloy steel with high carbon content was achieved without incident. In this joint,
the diffusion of Fe into the Ti—20Al side was inhibited by TiC layer formed at the interface. The mechanism of the interface separation is dis-
cussed from the viewpoint of thermal stress, reaction phase and diffusion behavior.
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Table 1.

Chemical compositions of iron materials.

Chemical composition (mass%)

Materials C Si Mn P S Cu Cr Ni Mo v Mg Fe
Fe-0.09C (SS400) 0.09 004 068 0.017 0017 002 003 .. Bal.
Fe-0.47C (S45C) 047 021 074 0025 0.027 002 010 0.1 Bal.
Fe-0.82C (SK5) 082 018 040 0.013 0021 0.08 0.10 Bal.
Fe-0.96C (SK3) 096 020 0.64 0015 0053 014 0.16 007 .. Bal.
Alloy steel (SKD11) 150 031 028 0020 0010 .. 1210 025 104 0.44 Bal.
Cast iron, Fe-3.71C 371 270 0.49 0.012 046 0.026 0.037  Bal.
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Fig. 2. Configurations of bonding couples. (a) Normal
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Fig. 3. Optical micrographs of the interface in various Ti—20AViron material (Fe—C) joints bonded at 1273K for 3.6ks. Fe-C; (a)
Fe-0.09C. (b) Fe-0.47C. (c) Fe-0.82C. (d) Fe-0.96C. (e) Fe-3.71C. There is a space between two single arrows. Double

arrow in (e) indicates contact area of graphite and Ti-20Al.
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Fig. 4. SEM micrographs of the interface in various Ti-20Al/iron material (Fe~C) joints bonded at 1273K for 3.6ks. Fe—C; (a)
Fe—0.09C. (b) Fe-0.47C. (c) Fe-0.82C. (d) Fe-0.96C. (e) Fe-3.71C. Reaction products are indicated by I to IV, and their

thickness is represented by ‘d,” and ‘d,’.
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Fig. 8. SEM micrographs of the separated surfaces of (a),
(b) Ti-20A1/Fe-0.96C joint and (c), (d) Ti-20Al/
Fe-3.71C joint after bonding treatment at 1273 K
for 3.6ks. (a) and (¢) are the Ti—20Al side, (b) and

40 (d) are the Fe—0.96C and Fe-3.71C sides.
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Fig. 9. XRD patterns of the surface of Ti~20Al side in the
joints of (a) Ti~20Al/Fe-0.96C and (b) Ti-20Al/
Fe-3.71C after bonding treatment at 1273 K for
3.6ks.
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Fig. 10. SEM micrograph of the Ti—20Al/Fe-0.82C inter-
face indicated by A in schematic illustration. The
joint was fabricated at 1273 K for 3.6 ks.
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