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Fig. 1. Maximum undercoolings achieved by three liquid
SCN-DC alloys.
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Fig. 2. Undercooling and solidification of acoustically levit-
ated alloy: (a) Schematic diagram of experimental setup;
(b) cooling curves of SCN-DC alloys.
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Table 1.  Physical parameters used for calculation.
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Fig. 3. Aoustic pressure distribution of levitated droplet:

(a) Acoustic radiation pressure on surface; (b) acoustic

pressure versus droplet aspect ratio.
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Fig. 4. Relationship between undercooling and aspect ratio of alloy melt: (a) SCN-10%DC hypoeutectic; (b) SCN-23.6%DC eutectic;

(c) SCN-40%DC hypereutectic.
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Fig. 5. The nucleation characteristics of various deformed alloy melt: (a) Cooling rates; (b) nucleation gestation time.
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Fig. 7. Temperature and flow field of alloy: (a) Infrared thermography of alloy droplet; (b) temperature distribution of liquid alloy

in 2 orientation on the longitudinal section; (c) internal and external flow field of alloy.

074301-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y 1B EZ R Acta

Phys. Sin.

Vol. 74, No. 7 (2025)

074301

AT=9.8 K

/
1

S—

1 mm

AT=20.1 K

AT=31.2 K

N

/

7 1 mm

~ 1 mm

E 8 SCN-DC &4 iME e (a) SCN-10%DC T3k & ; (b) SCN-23.6%DC 34 (¢) SCN-40%DC it 3 iy
Fig. 8. Solidification process of SCN-DC alloy melt: (a) SCN-10%DC hypoeutectic; (b) SCN-23.6%DC eutectic; (¢) SCN-40%DC
hypereutectic.
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Fig. 9. Dendritic and eutectic growth velocities versus undercooling: (a) SCN dendritic; (b) (SCN+DC) binary eutectic; (c) DC

dendritic.
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Crystal nucleation and growth kinetics of acoustically
levitated liquid SCN-DC transparent alloys®
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Abstract

As an important and promising experimental method of simulating the containerless state in outer space,
acoustic levitation provides excellent contact-free condition for investigating solidification process. Meanwhile,
the radiation pressure and acoustic streaming caused by nonlinear effects bring various kinds of novel
phenomena to crystallization kinetics. In this work, high-speed charge coupled device (CCD), low-speed camera
and infrared thermal imager are used simultaneously to observe the crystallization process of acoustically
levitated SCN-DC transparent alloys. The undercooling ability and solidification process of alloy droplets with
different aspect ratios are explored in acoustic levitation state. For hypoeutectic SCN-10%DC, eutectic SCN-
23.6%DC and hypereutectic SCN-40%DC alloys, the experimental maximum undercoolings reach 22.5 K
(0.07Ty), 16 K (0.05T%) and 32.5 K (0.17}) and the corresponding crystal growth velocities are 27.91, 0.21 and
0.45 mm/s, respectively. In SCN-10%DC hypoeutectic alloy, the nucleation mode of SCN dendrite changes from
edge nucleation into random nucleation with the increase of undercooling. For SCN-23.6%DC eutectic alloy,
when the undercooling exceeds 12.6 K, DC dendrites preferentially nucleate and grow, and then the (SCN+DC)
eutectic adheres to and grows on DC dendrites. Moreover, the growth interface of DC dendrites gradually
changes from sharp into smooth within SCN-40%DC hypereutectic alloy as the undercooling degree rises. The
undercooling distribution curve and nucleation probability variation trend versus aspect ratio are analyzed. It is
found that as the aspect ratio increases, undercooling of alloy droplet first increases, then decreases, and finally
remains almost unchanged. Further analysis shows that with the increase of aspect ratio, the cooling rate will
rise and thus enhance the undercooling. However, the increase in surface nucleation rate and the droplet
oscillation inhibits deep undercooling of alloy droplet. Therefore, the coupled effects of cooling rate, surface
nucleation rate, and droplet oscillation determine the undercooling of the alloy. In the case of SCN-40% DC
hypereutectic alloy, the acoustic streaming and surface oscillation arising from acoustic field are the main

factors intensifying surface nucleation.
Keywords: acoustic levitation, SCN-DC alloy, nucleation, crystal growth
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