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1. Introduction

Oscillating drop method under microgravity conditions is very useful for the precise measurements of
thermophysical property of high-temperature liquids by the conditions in containerless and non-contacting.
Using oscillating drop method, the surface tension is obtained from the frequency of the surface oscillations
and the viscosity is obtained from the damping time constant of them. For typically high temperature liquids
of molten metals and oxides used in the fields of materials processing, it is required the measurements of
thermophysical properties for improvement of processing conditions using computational simulations.
Recently, calculation of phase diagram (CALPHAD) system requires combining the thermodynamics data for
phase diagram with the thermophysical property data to progress to the useful integrated system for materials
research and engineering. For these requirements, the thermophysical property measurement of the molten
metals and oxides precisely are important. Adopting oscillating drop method under microgravity conditions,
we can recently use the experimental facilities installed in the international space station (ISS) of the
electromagnetic levitation (EML)Y and the electrostatic levitation (ESL)?. Now, we are using a levitation
facility of ESL called the electrostatic levitation furnace (ELF) installed in ISS-Kibo to measure thermophysical
properties of molten oxides?. From our several times ELF experiments using molten oxides samples, we

found the followings.

Applying molten oxide to oscillating drop method is difficult for high viscosity of them because quick
damping surface oscillation by its high viscosity. For the difficulties, decreasing viscosity in high temperature
regions is way to obtain surface oscillation date for thermophysical property measurements. However, we
cannot adopt much high temperature conditions for the oscillating drop method because of composition

changing molten oxides by increasing evaporation at high temperature. On the other hand, it is difficult to
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adopt oscillating drop method in the microgravity to precisely measurement of thermophysical properties of
samples, which have only the small electric charge on the surface. Since surface oscillation is generated by the
translational motions by the periodically external forces, in ESL method Coulomb force with the constant
frequency voltage applying into electrodes generates the surface oscillation by the periodically translational
motion of levitated molten samples. Achieving this motion of levitated samples in ESL system in the
microgravity, the enough charge on the sample surface needs their translational motion with the same
frequency of the voltage applying into the electrodes. For the even small charge case, the translational motion
of samples delays with the applying electric field frequency, therefore the surface oscillation could not have
enough amplitude to detect the damping of oscillations. For these reasons, we are considering to apply

resonant oscillation analysis® for surface oscillation data with changing the excitation oscillation frequency.

In this presentation, we show the results of oscillating drop experiments in ELF using molten and discuss

about their features and about applying the resonant oscillation analysis in future.
2. Surface oscillation of levitated molten oxide in ELF under different conditions

We performed the oscillating drop experiments of various compositions molten oxides,
5i02:CaO:Mn304TiO2 for welding flux and SiO2:CaO:FeO for steel-refining processes systems, using ELF in
ISS with systematically various conditions of the oscillating drop on May 2021 and July 2022. Procedures of
the oscillating drop experiments were the same as the previous reports’®. For the oscillating drop
experiments in ELF, the surface oscillation is generated by the voltage applied into the electrodes with the half
frequency of the surface oscillations®. Figure 1 shows the surface oscillation data of molten oxides for
Si02:CaO:MnsO0«TiO2=27:7:13:53 wt.% (flux10) and SiO2:CaO:FeO=10:10:80 wt.% (Ox16) with the different
frequency of the electric fields. For flux 10 samples, we obtained an ideal surface oscillation data, which has a
single frequency and fitted by a single decay-time constant in amplitude damping regions, for the surface
tension and the viscosity acquisitions. On the other hand, for Ox16 samples, their surface oscillation amplitude
is smaller than that of flux10, and the amplitude are different with the applying frequency of the electric fields.
Applied frequency of 120Hz was large different from the surface oscillation frequency by the surface tension,
therefore the amplitude of the surface oscillation was not enough generated. For the case of 160Hz, since the
frequency was closed to the surface oscillation frequency by the surface tension, the large amplitude of surface
oscillation was generated, and we identified the damping of oscillation. We also found for Ox16 samples the
resonant phenomena with changing the applying frequency. Comparting damping time between flux10 and
0OX16, Ox16 had long time damping of the surface oscillation, this means that Ox16 is low viscosity rather than
flux10. Therefore, smaller amplitude of Ox16 with 160Hz even close to resonant frequency rather than that of
flux10 would be attributed by the small electric charge on Ox16 surface. Figure 2 shows an original data of the
surface oscillation shown in Figure 1. (Figure 1 was obtained from the processing original data using the
bandpass filter.) Figure 2 was obtained from the intensity changing of 2-dimensional detectors observed the
sample by the backlight illuminating®. In ELF system the backlight illuminating to the sample is not
completely parallel beams, therefore the intensity was also changed by the translational motion of samples.
For the case of the sample position closing to the detector, intensity is decreased and for the case of the sample
position far from the detector, intensity is increased. From comparing flux10 and Ox16 intensities during the

external force applying, for the case of flux10 intensity changing is almost the same amplitude around the
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constant value on the other hand for the case of Ox16 large intensity changing is observed during the external
force applying. This attribute the difference of the electric charge on the surface” between flux10 and Ox16.
The flux10 droplet had much amount of electric charge on the surface, therefore the position of droplet was
kept constant by the electric field by the electrodes and the enough amplitude of the surface oscillation was
observed. On the other hand, for Ox16 electric charge amount is smaller for keeping the constant position,
therefore applying the external force timing droplet was large translationally moved. Therefore, enough
amplitude of the surface oscillation was not observed. From these results, we propose that for small electric
charge on the sample surface case, the resonant frequency finding method, in which the surface oscillation is

generated by the weak electric fields as the external force with the change of frequency, is applied.
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Figure 1. Surface oscillation of molten oxides in ELF: (a) SiO2:CaO:Mn3O4:TiO2=27:7:13:53 wt.% with
82x2 Hz, (b) Si02:Ca0:FeO=10:10:80 wt.% with 79x2 Hz and (c) SiO2:CaO:FeO=10:10:80 wt.% with 60x2 Hz.
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Figure 2. Original data of oscillating drop experiments detected intensity changing on 2-dimensional
detector from backlight illuminating samples: (a) SiO2:CaO:MnsO4:TiO2=27:7:13:53 wt.%, (b)and (c)
Si02:Ca0:FeO=10:10:80 wt.%.
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3. Conclusion

We performed on board experiments of the oscillating drop method under microgravity of

S5i02:Ca0:Mns04:Ti02=27:7:13:53 wt.% and Si02:CaO:FeO=10:10:80 wt.% systems using ELF in ISS. From the

experiments, we obtained the ideal surface oscillation data for the surface tension and the viscosity

acquisitions of Si02:CaO:Mn3O4:TiO2=27:7:13:53 wt.%. On the other hand, the small amplitude of surface

oscillation was observed for 5i02:CaO:FeO system. This was attributed the small electric charge on the surface

for 5i02:CaO:FeO system. For small electric charge samples, we propose the resonant frequency finding

method using the weak electric field the external force.
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