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Crack propagation behavior of in-situ structural gradient Ni/Ni-aluminide//
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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.

D.S. Chung, J.K. Kim and H. Cho

2X7F FAISFEE. Fig. 190 & Aol ARSE A<
eres LeRigict.

AE BaAEe] mARZL F5Fn|7 (Olympus,
BH 1700)3} FE-SEM(Hitachi, S-4200)% o]-&3le] 3
ZalaL, 7t o] v B AW wske FE-SEM|
F2%¥ EDS(Horiba Super Xerophy, EMAX-5770)%
315 g1de A% eI crack-arrester WEF
I HZ Wk 479l crack-divider O R Lol
38.5X3X4mm Z7] AlH| AlH FA2] 173 A& Zo],
7 0.1 mmZ =25 T ¥ Instron-4482°A1 0.1 mm/
min HPEEE 33 HIAEES S8l SAsA

2 Aol Ate B3ge] v 54& 2dshe
o] vAlFL L] B ¥7R= AFE(acoustic emission) ¢
I3 A ARSI [13, 14]. - 2JFel geloz )
= lﬂ-‘?”ﬂ}ﬂ 4L Aol A =W eI W

S5 IHANE Zevide] eduEA Aakgict

] TS 944 Yo HE mdLe Alold] T kA
225 ARESE AE HISIRIE AEslal 2l E st
A 93 A4S tgAITI= Bl olw Aol A}
|5= AL A (1) 2

Vo = Dp*Gy*Sg 1)
71 Vor Do G 41 ARUZ, 49, s
ATEAE e 40URE, S, = NAE E
e B gl v s A5 v
et

4 (1Pl AE WSR=RE 2845 VS 44 o

doke 9 A w09 ERER

2 A9y D(t)é FEl, o] Eaf mA|Fge Y @
WA QNS FHHoR T 5 Yrk pAZLe] WA
9% AAL 7] 7o) AE HExjo| wual Z—JJr Az
3ol AE WH3IAE AAshs AE xi(léiSP . P=
A )z s BAHeM AR AoARE
21 9l Wt FHHoE ey o]ZRE] YRS

& 4 Atk
CATp = x — x| - [x — x| I<i<P - 1) ?2)
o714 Crz T 5, ATy T B9 ARE

Urepdiet,
Fig. 25 B Aol A8 B7A4AE 9 AR =
3 A9 HNepzolrh. sl gAET B WA she
NBRHE AE 949 4 Amsle] AA gdel A
T 2 AR dlEata #he) A Fele} AE
o] dY QXE H|wEA oA o]Ee AsIAE

ST



Crack propagation behavior of in-situ structural gradient Ni/Ni-aluminide//Ti/Ti-aluminide laminate materials 271

| Load cell: 500 kg

Clip Gage

Computer

[‘lﬂ @ m Main Amp: x20dB I I

Fig. 2. Schematic diagram of analysis system for AE source
characterization and fracture toughness measurement.
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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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in the composite notched on Ni/Ni-aluminide layers.
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