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Welding of NiAl by Self-Propagating High-Temperature Synthesis
Reaction between Droplet and Powder

Takayuki Koyanagi, Kiyotaka Matsuura, Masayuki Kudoh,
Jang-Hwan Oh, Soshu Kirihara and Yoshinari Mivamoto

A new welding method was proposed based on the self-propagating high-temperature synthesis (SHS)
reaction between droplets and powder of elemental metals, and its feasibility was investigated in a simple
experiment. In the experiment, an aluminum droplet was dropped onto nickel powder heaped up in a
groove at the interface between two NiAl substrates. The aluminum and nickel exothermically reacted and
produced intermetallic compounds in Al-Ni system, and the NiAl substrates near the interface were melted
by the heat from the reaction. The microstructure of the reaction products varied depending on the initial
temperatures of the aluminum droplet and nickel powder and also the groove spacing. Increase in initial
temperatures of the aluminum droplet and nickel powder and the groove spacing promoted both the exo-
thermic reaction to synthesize NiAl in the groove and the melting of the joint surface of the substrates.
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Fig. 1 Fundamental idea of the present welding method.
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Fig.2 Effects of initial temperatures of Al and Ni on
the maximum temperature of NiAl synthesized.
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Fig. 3 Experimental apparatus,

Table 1 Groove spacing and initial temperatures of
Al droplet and Ni powder.

Sample A B C

Initial temperature (K) 1373 | 1473 | 1473

Groove spacing (mm) 2 2 3
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Fig.4 Image of a cross section of a sample (initial
temperatures of Al and Ni, and preheating temperature
of substrate : 1 373 K, groove spacing : 2 mm.).
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Fig. 5 (a) SEM image of the sample shown in Fig. 4, (b) microstructure of the region I in Fig. 5 (a), and (¢)

microstructure of the region Il in Fig. 5 (a).
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Fig. 6 Image of a cross section of a sample (initial
temperatures of Al and Ni, and preheating temperature
of substrate : 1473 K, groove spacing : 2 mm.).
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Fig. 7 (a) SEM image of the sample in Fig. 6, (b) microstructure of the region (
microstructure of the region (ii) in Fig. 7 (a).
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Fig. 8 (a) Image of a cross section of a sample and (b) the results of the EPMA analysis (initial temperatures
of Al and Ni, preheating temperature of substrates : 1 473 K, groove spacing : 3 mm.).
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Ca : specific heat of aluminum
Ci : specific heat of nickel
Criar : specific heat of NiAl
Hy, : initial heat content of aluminum
Tnat _ Tor
<: f " CudT+ A+ L - c,“d:r>
Hy : initial heat content of nickel
Lo Towsi
<:Lf CudT+ AHy+ [ chT>
298 Ty
AH, :latent heat of aluminum
AHy - latent heat of nickel
AHy;s,  latent heat of NiAl
AH : heat of formation of NiAl
Toa . initial temperature of aluminum
Toni : initial temperature of nickel
T onax : maximum temperature of ithe NiAl synthesiz-
ed
T : melting point of aluminum
Toni : melting point of nickel
T,via; © melting point of NiAl
X #
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