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ABSTRACT

Metal/intermetallic laminated composites have been manufactured by SHS reactions between Ni and Al
elemental metal foils. Microstructure showed that the intermetallic volume fraction was 55%, 45%, 35% in
the 1:1, 2:1, 4:1 thickness ratio(Ni:Al) specimen and the main phases of the intermetallic were transformed
from Ni,Al; to NiAl when the thickness ratio was increased. Tensile strength and elongation were increased
when the volume fraction of Ni metallic phase was increased. Under assumptions of isostrain condition, the
tensile strength of metal/intermetallic laminated composites didn’t obey the ROM due to the thermal residual
stress and this was confirmed by X-ray residual stress analysis. Fracture toughness results by the SENB test
showed R-curves with upward curvature based on LSB condition. Bridging stress based on LSB condition
was determined by the curve fitting analysis. In-situ observed microstructure during fracture test showed that
the various bridging mechanism such as crack bridging, crack branching and ductile failure of metallic layer

were occurred
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SHS : Self-propagating High-temperature Synthesis
VHP : Vacuum Hot Press

ROM : Rule of Mixture

SENB : Single Edge Notched Beam

LSB : Large Scale Bridging
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Fig. 1 Thermomechanical process of laminated
composites
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d; : Interplanar spacing at stressed condition
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Fig. 2 Microstructure of the Ni/NiAl laminated
composites. (a) 1:1 (b) 2:1 (¢) 4:1

Table 1 Summary of microstructure in Ni/NiAl laminated
composites

Thickness Final Thickness v Aluminides
ratio (m) (%f) phases
(Ni:Al) | Metal | Aluminide present
. NiAl;, NiAl,
1:1 35 70 55 Ni;Al
2:1 65 55 45 | NiAl Ni;Al
4:1 72 40 35 | NiAl, Ni;Al
32 AFEA
zh FARER JIAAE ZAE Fig. 3 o UE

W FEFY FAL FHESS AFBE
A gol FrAR 2, 11 FAME A AW
dAE  z7l)  BERHYEIRY  OF

-62-

(Multiple Fracture)ol] <3} =9 F7H3lo] dAl&
g S7kske whdel 200 # 41 FARIE JHAE

AR e FELSFETY GdFaae ol &
£z AXWFP g FEo AAgo] AA F
dEe FAdH

dutzg oz Ni 9 A= 300~400MPa, NiAl
9] AARE7}F 220MPa AEZE &A ded, &
AFAFAGAE 1.1 FAE AR ‘d%}%}Eﬂ
170MPa 2 i WA UelETh o] 2 EXegF
Ae74A WzhAl Ni 3+ Nial & 3345 2ol
o|g ZHFHol HASI NiAl T A% %ml
A Aoz AztEd, AAFFH v X =
Seo %L U7 Y3l XRD & AHEES siny
Hel o4& &3 FEUFET YLD IH
89 ar|E B43519d Fig 4 o YEhd e

sinfy 49 7]&7E
el =T, Ni o= 50MPa 2 %h—o 4,
NiAl ZdX = ¢k 300MPa & AALHo A7)
Aoz ALdHAT. wEA, 111 FAXE 7R E
A= NiAl 5o F-3&&0] A3, NiAl ol
28 AR ZFLEHA 3 ¢ FrE VElH,
21 2 41 FANE JHAE AlddAME AuFEe
Z Ni 59 Faigo] T7std 78 9@
7t Zasiez, A 2 dAgol Fukgk A
o7 #uH,

300

250 |

\ Quctite Failure of Metal layer

Mudtiple Fracture of Intermetaliic Layer

260

150

Stress(MPa)

100 \

\ — $ANEA;
50 N ;::( ’

—4:1

[

Strain(%)

Fig. 3 Stress-strain curves of the Ni/NiAl laminated
composites.
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Fig. 5 K-R curves of laminated composites

Fig. 6 SEM micrograph showing the various
toughening mechanisms(1:1 thickness ratio specimen)
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