Il Original Paper Il

Int. J. Microgravity Sci. Appl., 36 (2) (2019) 360207
DOI: 10.15011//jasma.36.360207

ISS TOBE SR IRENEZ X D@A 7 7/ Ve gk i ok 7 e St o
EAEHYFHI

FEE] B - il BEW] - ORER IR - B IER T - B OBER ! - PR [EA?

Numerical Evaluation for Measurement Conditions of Interfacial Tension between Molten
Slag and Molten Iron by Oscillating Drop Technique in ISS
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Abstract

Measurement of interfacial tension between molten slag and molten iron under microgravity in the International Space
Station (ISS) is planned. An oscillating drop technique, in which interfacial tension is determined from the oscillation
frequency of a levitated compound droplet, with an electrostatic levitator is going to be used in the interfacial tension
measurement. In our previous work, a numerical model to simulate the oscillation behavior of a compound droplet was
developed, and the effects of viscosity and radius ratios of shell to core phases in the droplet on the oscillation frequencies
were investigated. However, the previous study used assumed values as physical properties of samples because of the
insufficient data. In addition, the effect of temperature, which is one of the experimental conditions, was not investigated.
Therefore, the objective of this work is to present proper experimental conditions in the ISS including the temperature and
the radius ratio by numerical simulation with actually measured properties of samples. The first conclusion of this work is
that the appropriate radius ratio is 1.2—1.4 depending on the experimental conditions. The second one is that all the measured
interfacial tensions show low relative errors less than 10%, although the interfacial tension cannot be obtained under
comparatively lower temperature, i.e., for higher viscous molten slag.
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Fig.1 Coordinate system in numerical simulation.
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Table 1 Geometric parameters of numerical simulation.

Equilibrium radius A, mm 0.988
Calculation domain size m and z, mm 1.4
Initial droplet shape (b/a), - 1.20
The number of mesh, - 200%x200
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Fig. 2 Density, viscosity, and surface tension of molten
iron. 10

Table 2 Composition of samples, at%.

Si0z  AlkOs CaO MnO TiO2 FeO

Slagl 10.0 40.0 50.0 0.0 0.0 0.0
Slag2 10.0 35.0 55.0 0.0 0.0 0.0
Slagd 10.0 30.0 60.0 0.0 0.0 0.0
Slag4 14.0 36.0 50.0 0.0 0.0 0.0
Fluxl 25.0 0.0 7.0 23.0 18.0 27.0
Flux2 25.0 0.0 7.0 20.0 18.0 30.0
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Fig. 4
and (d) 1900°C.
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(d)

Oscillation behavior of shell phase of Slagl at (a) 1536°C and (b) 2100°C and Flux2 at (c) 1536°C
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Fig. 5 FFT analysis of the oscillation behavior of shell

phase of (a) Slagl and (b) Flux2 shown in Fig. 4.
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Fig. 6 Effect of radius ratio on measured interfacial
tension of (a) Slagl at 2100 °C, (b) Slag2 at

2100 °C, and (c) Flux2 at 1536 °C, 1700 °C, and
1900 °C.
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Table 3 Effect of temperature on measured interfacial
tension of Si02-Al203-CaO type Slags.

Relative
Sample Temp., °C  Viscosity, Pas A
error, -
2000 0.103 0.0824
Slagl
2100 0.0788 0.101
1800 0.109 0.0806
1900 0.0879 0.0930
Slag2
2000 0.0724 0.0762
2100 0.0607 0.104
1800 0.117 0.0812
1900 0.0887 0.0565
Slag3
2000 0.0692 0.0706
2100 0.0554 0.0618
2000 0.0992 0.0790
Slag4
2100 0.0777 0.0983

Table 4 Effect of temperature on measured interfacial
tension of ilmenite type fluxes.

Sample  Temp.,°C  Viscosity, Pa's Relative
error, -
1536 0.0353 -0.0306
1600 0.0276 -0.0462
Flux1 1700 0.0195 -0.0198
1800 0.0144 -0.0335
1900 0.0109 -0.0340
1536 0.0267 -0.0319
1600 0.0228 -0.0494
Flux2 1700 0.0181 -0.0265
1800 0.0148 -0.0309
1900 0.0124 -0.00586
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