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Fig. 1 Melting and solidification characteristics of pure Zr
under ESL condition: (a) Temperature—time profile; (b)
Cooling curve of solidification process; (c) Solidification

plateau time versus undercooling
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Fig. 2 Deformation investigation of Zr droplets under ESL
condition: (a) Zr droplet with 3 mm diameter; (b) Droplet
boundary extracted by numerical algorithm; (c) Deformation

index versus temperature of various droplet diameters
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Fig. 3 Thermophysical properties of pure Zr measured by ESL technique: (a) Density; (b) Hemispherical total emissivity; (c)

Surface tension; (d) Viscosity
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Table 1 Physical parameters of pure Zr used in calculations

Parameter Value Source

T, /K 2128 Ref. [22]
AH,/(J-mol) 21500 Ref. [21]
Cp. m 1/(Jmol K™ 41.03 This work
17(107"K-m) 4.66 Ref. [28]
a/(10°m*s™) 9.89 Ref. [28]
vo/(m's ™) 2000 Ref. [28]
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Fig. 4 Rapid dendritic growth of substantially
undercooled liquid Zr: (a)~(f) S/L interface
migration during recalescence process captured by
high speed CCD; (g) Dendritic growth velocity

versus undercooling
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Microstructures characteristics and microhardness
variation of pure Zr under ESL condition: (a) Microstructure at
AT=50 K; (b) Microstructure at A7=376 K; (c) Microhardness

versus undercooling
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Thermophysical properties and rapid dendritic growth of
liquid zirconium under electrostatic levitation condition

WANG Lei, HU Liang, YANG Shang-jing, WEI Bing-bo

(Department of Applied Physics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The thermophysical properties and dendritic growth kinetics of undercooled liquid zirconium were
investigated by electrostatic levitation method. The results show that the hypercooling limit and specific heat of liquid
zirconium are determined to be 524 K(0.257;,) and 41.03 J/(mol-K), respectively, according to the relationship between
undercooling and solidification plateau time. Meanwhile, the measured density, viscosity and surface tension of molten
zirconium display a linear increase with the decrease of temperature. The hemispherical total emissivity of liquid
zirconium is derived from the thermal equilibrium equation, which exhibits an increase tendency within the temperature
range of 17522315 K. Besides, the dendritic growth velocity is experimentally measured by using a high speed camera
according to the in-situ observation of S/L interface migration during recalescence, which agrees well with the theoretical
prediction of LKT/BCT rapid dendritic growth model. The dendritic growth velocity shows a power increase relationship
with undercooling, which reaches 48 m/s at the maximum undercooling of 376 K(0.187,,). In addition, the Vickers
microhardness of rapidly solidified pure zirconium is derived as an increase tendency with enhanced undercooling.
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