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Crack propagation behavior of in-situ structural gradient Ni/Ni-aluminide//
Ti/Ti-aluminide laminate materials
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Abstract Ni/Ni-aluminide//Ti/Ti-aluminide laminate composite, considered as a functionally gradient material, was manufactured
by thin foil hot press technique. Thick intermetallic layers of NiAl and TiAl; were formed by a self-propagating high-
temperature synthesis (SHS) reaction, and thin continuous layers of Ni;Al and TiAl were formed by a solid-state diffusion.
Fracture resistance with loading along the crack arrester direction is higher than crack divider direction due to the interruption
of crack growth in metal layers. The Ni;Al and NiAl intermetallic layer showed cleavage and intergranular fracture
behavior, respectively, while the fracture mode of TiAl, layer was found to be an intragranular cleavage. The debonding
between metal and intermetallic layer and the pores were observed in the Ni/Ni-aluminide layers, resulting in the lower
fracture resistance. With the results of acoustic emission (AE) source characterization the real time of failure and the effect
of AE to crack growth could be monitored.

Key words Layered materials, Intermetallic matrix composite, Ni-aluminide, Ti-aluminide, Self-propagating high-temperature
synthesis, Thin foil hot press process
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Fig. 1. Schematic diagram of thin foil hot press system.
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Fig. 2. Schematic diagram of analysis system for AE source
characterization and fracture toughness measurement.
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Fig. 3. Optical micrograph of composite fabricated from Ni/Al/
../TI/Al stacked foils, using hot pressing process.

Fig. 4. SEM micrographs of laminated composite. The region
marked 4 corresponds the region marked by an arrow in Fig. 3.

Table 1
EDS results (in at%) obtained for laminated composite. Scanned
areas shown in Fig. 4

1 2 3 4 5 6 7
Ti 944 32,66 243 19.5
Ni 21.1 5555 626 924

Al 53 668 7555 569 443 3735 75
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Fig. 5. Crack opening displacement vs. stress intensity factor
during 3-point bending fracture toughness test on the laminated
composites.
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Fig. 7. SEM fractographs showing the fracture surface of
samples notched on (a) Ni/Ni-aluminide layers and (b) Ti/Ti-
aluminide layers after 3-point bending fracture toughness test.
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Fig. 8. (a) Time vs. load and AE hits and (b) time vs. location
in the composite notched on Ti/Ti-aluminide layers.
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