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Fig.1 Schematic illustration of SHS/explosive
shock compaction assembly
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Fig.2 Photograph of FGM sample shock-com-
pacted after SHS reaction (left), and as-
synthesized FGM sample (right)
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Fig.3 X-ray diffraction patterns of TiC/Ti,ALC,/
TiAl system FGM obtained by SHS/ESC
technique
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Fig.4 Scanning electron micrographs of surfaces
near the regions with the composition of
a) monolithic TiC, b) TiC-20mol%TiAl,
c) 40mol%TiAl, d) 60mol%TiAl, e)
80mol%TiAl and f) monolithic TiAl
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Fig.5 Scanning electron micrographs of fracture
surfaces near the regions with the com-
position of a) monolithic TiC, b) TiC-
20mol9%TiAl, c) 40mol%TiAl, d)
60mol9%TiAl, e) 80mol%TiAl and f) mono-
lithic TiAl

—e— As-compacted
—o— Annealed at 900°C

Vickers hardness / GPa
8

O 2 4 6 & 10

TiC-side Distance / mm TiAl-sidc

Fig.6 Variation in micro vickers hardness of
shock-compacted TiC/Ti,ALC,/TiAl sys-
tem FGM
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Fig.7 Outer views of shock-compacted FGMs
after thermal shock test performed at a)
300°C and b) 700°C
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Fig.8 Variation in micro vickers hardness in
shock-compacted TiC/Ti,ALC,/TiAl sys-
tem FGM after thermal shock tests
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Fabrication of functionally gradient materials in the TiC/
Ti,ALC,/TiAl system by self-propagating high-temperature
synthesis/explosive shock compaction technique

by Hidekazu TANAKA®*, Ryuichi TOMOSHIGE®, Akio KATO*
Kihachiro IMAMURA®** and Akira CHIBA**

Fabrication of functionally gradient materials (FGM) in the TiC/Ti,ALC,/TiAl
system has been attempted by a hot shock-compaction method which combines a
self-propagating high-temperature synthesis (SHS) with underwater-shock com-
paction technigue. Titanium, aluminum and graphite powders were used as raw
materials. Eleven kinds of powder mixtures were prepared, and tapped into a
powder charging container for explosive shock-compaction experiments. The
SHS reaction of the powder mixtures was initiated by using tungsten heating coil
before detonating the explosive. This process was completed for about 20~30
seconds. The obtained specimens were evaluated by XRD experiments, micro-
structural observations, micro vickers hardness and thermal shock tests. As a
result, three kinds of ceramics (TiC, Ti,ALC, and Ti,AIC) and two kinds of interme-
tallic compounds (TiAl and Ti,Al) were mainly detected in the shock-compacted
specimen by XRD experiments. The micro vickers hardness of the FGM after
thermal shock tests indicated the same traced as that of the as-compacted and
annealed specimens. Scanning electron microscopy revealed that the FGM bonded
strongly throughout, and that there was no cracks resulted from thermal stress or
passage of the shock wave in the FGM. This ternary-phase system may enable to
reduce the thermal stress resultant from the thermal expansion between TiC and
titanium aluminides. Therefore, the FGM TiC/Ti,ALC,/TiAl system obtained in
the present study is regarded as a novel material with excellent heat resistance.

(*Department of Applied Chemistry, Kumamoto Institute of Technology,
4-22—1, Ikeda, Kumamoto-shi, 860-0082
**Department of Mechanical Engineering and Materials Science, Fac-
ulty of Engineering, Kumamoto University, 2—39—-1, Kurokami,
Kumamoto-shi, 860-8555)

Kayaku Galkkaishi, Vol. 59, No.4, 1998 —I159—





