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Rapid solidification of ternary Ni-Pb-Cu monotectic alloy under
free fall conditions
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Abstract: The phase separation and rapid solidification of ternary NigPbsoCug monotectic alloy were investigated under
free fall conditions. X-ray diffraction analysis indicates that the solidified microstructure consists of (Ni) and (Pb) phases.
With the decrease of droplet diameter, the morphology transforms from a triple-layer core-shell microstructure into (Ni)
dendrite microstructure. In the triple-layer core-shell microstructure, the surface layer is (Pb) phase, which is favourable
to reducing the surface Gibbs free energy. EDS analyses reveal that both (Ni) and (Pb) phases exhibit conspicuous solute
trapping effect during rapid solidification. The calculated cooling rate and undercooling increase exponentially with the
decrease of droplet diameter. Furthermore, the Maragnoni migration of the second liquid (Pb) phase was studied, which
indicates that the L(Pb) phase droplets can migrate to the central part. Under free fall conditions, the cooling rate, surface
segregation, Maragnoni migration and dendrite growth are responsible for the microstructure evolution.
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Table 1 Thermodynamic properties of ternary NigPbsoCug

monotectic alloy!'¥

Physical parameter Value (NiAH.
Surface emissivity, & 0.3
Stefan-Boltzman constant, o/(W-m 2K %) 5.67X107° ~ o (Pb)
Gibbs-Thomson coefficient, 7/(m-K) 3.3%X1077 ? 0
Specific heat, c,;/(J’kg K™ 320 =
Mass density, pa/(kg:m ) 8.81%10° . =
= # —
Thermal conductivity, /(W-m K" 57.28 8/ §
Thermal diffusivity, o/(m®s ) 20%10° i g = _
a o =1 —_—y
Thermal conductivity of second liquid phase, 20 o & ) og
J/(Wm K j ® 1 o9
J( ) ) _L A
Density of second phase, p,/(kg'm>) 10.68 X 10° . . . .
30 45 60 75 90
Temperature coefficient of surface tension, 168X 107 20/(%)
(@y8T)/(N'm K™ : B )
2 =JC NigPbsoCug fiil s 55 XRD i#%
Droplet temperature, To/K 1723 . . . .
Fig.2 XRD pattern of rapidly solidified ternary Nig,PbzoCug
293

Ambient temperature, 7,/K monotectic alloy
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Fig.3 Structural morphologies of ternary NigPbsoCug monotectic alloy: (a) Triple-layer core-shell microstructure; (b) Enlarged

view of (a); (c) Morphology of (Ni) dendrite; (d) Enlarged view of (c)
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(Sum 1s calculated distance of Maragnoni migration of L(Pb)

phase droplets; ¢ denotes total thickness of two outer layers.)
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