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The Effect of Fabrication Process Parameters on the Microstructures of Intermetallic/Metal
Laminated Composite by Self-propagating High-temperature Synthesis

Hee-Yeoun, Kim', Dong-Seok Chung", and Soon-Hyung Hong‘

ABSTRACT

In this paper, intermetallic/metal laminated composites have been successfully produced that utilizes SHS
reactions between Ni and Al elemental metal foils. The reaction between Ni and Al started from the nucleation
and growth of NiAl; and was followed by the diffusional growth of Ni;Al; between Ni and NiAl;. The SHS
reaction  was thermodynamically analyzed through the final volume fraction of the non-reacted Al related with
the initial thickness ratio of Ni:Al and prior heat treatment. Thermally aging these laminates resulted in
formation of a functionally gradient series of intermetallic phases. Microstructure showed that the intermetallic
volume percent was 82, 59.5, 40% in the 1:1, 2:1, 4:1 thickness ratio specimen. Main phases of the
intermetallic were NiAl and Ni3;Al having higher strength at room and high temperatures.
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Fig. 2 (a) DTA thermogram of diffusion bonded specimen at the

heating rate of 20 C/min (b) Microstructure at each point
of the DTA thermogram in 1:1 specimen.
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Fig. 3 Activation energy of the each reaction deduced from the
Kissinger model[5] in 4:1 specimen.
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Fig. 4 The thermodynamic calculation result of volume fraction of
pure liquid Al with respect to the Al concentration.
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Fig. 5 Temperature-time plot during reaction with respect to the
thickness ratio.
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Fig. 6 Microstructure of reacted specimen with thickness ratio (Ni
:Al) of (a) L:I(Vy m = 4) (b) 2:1(Vy at = 0) () 4:1(Vr, w
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@ No prior H.T. before reaction
@ No volume change during reaction
@ Reaction product is only NiAl;
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Fig. 7 Comparison of calculated and experimentally measured values
of Ta during reaction.
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Fig. 8 The thermodynamic calculation result of volume fraction of
pure liquid Al with respect to prior heat treatment in
1:1(Ni:Al) specimen.
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Fig. 9 Microstructure of post heat-treated 1:1 specimen.
(a) 600C(1hr)-750C(0.5hr)-900 T (2hr, 50MPa)
(b) 600 T (1hr)-750 T (1hr)-900 T (2hr, 50MPa)
(c) 600 T (1hr)-750 T(1hr)-950 T(2hr, S0MPa)
(d) 600 T (1hr)-750C(1hr)-950 C(2hr, 100MPa)
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Fig. 10 Microvickers hardness at the remarked position A, B, C,

D, E(Fig. 9) of post heat-treated 1:1 specimen.
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Fig. 11 Neutron diffraction spectra of 1:1 specimen at the each

process condition.

Fig. 12 Microstructure of post heat-treated specimen.
(a) 1:1 (600 T(1hr)-750 T(0.5hr)-950 C(2hr, S0MPa))
(b) 2:1 (600 T(1hr)-750 T (0.5hr)-950 T(2hr, 50Mpa))
(c) 4:1 (600 C(1hr)-750 T(0.5hr)-900 T(2hr, 50Mpa))
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Fig. 13 Microvickers hardness at the remarked position A, B, C,
D, E(Fig. 11) of post heat-treated specimen.
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Table 1 Summary of microstructure in Intermetallic/Metal laminated
composites

Intermetallic
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present

Thickness . .
ratio Final Thickness Volume %

(Ni:Al) (um)

Intermetatlic
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4:1 72 45 60 33/7
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