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Thermophysical property measurements of liquid oxides

by using the electrostatic levitation furnace onboard the
International Space Station and on the ground

INLFZ 1, ANIRE 1, SEGA L, EEEE 2, REXERS, JMNEEAN, BHEMN,
Chihiro KOYAMA!, Takehiko ISHIKAWAY, Hirohisa ODA?, Yuki WATANABE?, Hideki
SARUWATARI}, Masato OSHIO?, and Shinsuke Kuroda!

1 FHMZEMEREFEEE, JAXA

2 #HA&HTq - 1— - TR, AES

1. Introduction

Investigation_of liquid properties at high temperatures is very challenging particularly above about 2000 K, because
chemical reactions with containers are unavoidable. In addition, crystallizations from the container makes it difficult to
maintain the liquid state. However, the use of levitation techniques can overcome these problems and, in many cases,
enable to measure the physical properties precisely and maintain deep undercooling owing to the elimination of
contamination and extrinsic heterogeneous nucleation. Using the levitation methods, we have been recently investigating
high temperature oxide melt to uncover the relationship between glass-forming ability and thermophysical properties or
atomic structure of liquid. 2 In this talk, we report density measurements of liquid lanthanoid oxides, by using the
electrostatic levitation furnace onboard the International Space Station (ISS-ELF) and viscosity measurements of liquid

Y3AlsO12 using an electrostatic levitation furnace on ground.

2. Experimental
2.1 Density measurement
The densities of molten lanthanoid oxides (Ln20s, Ln = Er, Ho, Tb, Gd) were measured using the ISS-ELF.? Firstly, the

oxides were levitated, and the positions were stabilized using the Coulomb force between the charged oxides and
surrounding electrodes and employing a rapid feedback control process. They were subsequently melted in air at 2 atm
by semiconductor lasers. The molten oxides exhibited spherical shapes and their volumes were readily calculated from
magnified images. Subsequent weighing of the samples on Earth allowed the densities of the oxides to be determined.
2.2 Viscosity measurement

The viscosity of liquid Y3AlsO12 was measured using the oscillating drop method and electrostatic levitator on the
ground in the vacuum condition (10-4Pa). The droplet oscillation was performed by applying a sinusoidal voltage to the
electrode.* The oscillation frequency was adjusted so that mode 2 oscillation occurred. After stopping the excitation, the

decay time (1) was measured and then the viscosities () were determined by the following equation:
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where 1y is radius of droplet and p is the density.



3. Results and discussion

3.1 Density measurement results

The densities of Er:0s, Ho20s, Tb20s, and Gd20s at their melting temperatures (Tm) were obtained over the wide
temperature rage (2700-3200 K), and these density values were shown to exhibit a linear correlation with temperature. The
molar volumes of these oxides at their Tm values were calculated and compared with those of other sesquioxides (Al20s,
Ga20s, and B20s). As shown in Fig.1 the molar volumes of the nonglass-forming sesquioxides (Er20s, Ho20s, Tb203, Gd20s,
AlOs, and Ga20s) exhibit linear correlations with the cubes of their cation radii, whereas those of the glass-forming oxide
(B203, As203, and Sb20s) showed different correlations.?
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Fig. 1 (left figure) Correlation between the molar volumes of liquid Ln.Os oxides (Ln = Er, Ho, Tb, Gd) at T and the
cubes of the cation radii, including data for AL:Os ALO;,5 and B:0Os,¢ vitreous As:O5” and Sb20s. 8

3.2 Viscosity measurement results
The viscosity of liquid Y3AlsO12 was measured over a wider temperature range (2010 K<T<2430), including the
undercooled region (Tm=2240 K). In this range, viscosity values were 20-40 mPa-s, and were optimized by the non-

Arrhenius viscosity model equation” (2)
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where m and 7, are fitting parameters and m is fragility. The fitting shows that m is 53, which is intermediate between

fragility of SiO», glass-forming liquid, and that of molecular liquids which are difficult to vitrify.

4. Summary

The densities of liquid Ln20s compounds were measured with the ISS-ELF and the viscosity of liquid YAG was measured
with the ground-based electrostatic levitator. This process prevented contamination and crystallization such that precise
density and viscosity values could be obtained over a wide temperature range. The molar volumes of Ln20s exhibited a
linear relationship with the cubes of the Lns+radii in these oxides, as was also the case for other nonglass-forming
sesquioxides. In contrast, glass-forming oxide showed different correlations with the cubes. Therefore, molar volumes

might be a good indicator of the ability of a single component oxide to form glass.

References

1)  C.Koyama etal, J. Am. Ceram. Soc., 104 (2021), 2913. 2) C. Koyama et al., NPG Asia Materials, 12 (2020), 43

3)  H.Tamaru et al., Microgravity Science and Technology, 30 (2018) 643. 4) W.-K. Rhim, et al., Rev. Sci. Instrum. 70 (1999) 2996.
)  DB. Dingwell, ]. Am. Ceram. Soc. 75 (1992) 1656. 6) A. Napolitano et al., ]. Am. Ceram. Soc. 48 (1965) 613.

7)  AG. Clare, et al., ]. Non-Cryst. Solids. 111 (1989) 123. 8) K. Terashima. J. Ceram. Soc. Jpn. 104 (1996) 1008.

) J.C. Mauro,et al., PNAS 106 (2009) 19780.

2 of 3


https://ceramics.onlinelibrary.wiley.com/doi/full/10.1111/jace.17674#jace17674-bib-0010
https://ceramics.onlinelibrary.wiley.com/doi/full/10.1111/jace.17674#jace17674-bib-0020

© 2021 by the authors. Submitted for possible open access publication under the
@ @ terms and conditions of the Creative Commons Attribution (CC BY) license

(http://creativecommons.org/li censes/by/4.0/).

3 of 3


http://creativecommons.org/li%20censes/by/4.0/

