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Interfacial Tension Measurement under Microgravity Condition
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Abstract: We have been planning measurements of the interfacial tension between molten oxides
and steel melts, which needs for industrial application in steel processing, using the electrostatic
levitation furnace (ELF) installed in “KIBO” module of the International Space Station (ISS). Iron
melt and molten oxide are immiscible with each other, therefore these two liquids form a core-shell
droplet or partially wetting droplet under microgravity. The droplet shape is determined from
minimum free energy of surface including interface, therefore for immiscible two liquids case the
two types of droplet shape depend on interfacial free energy. For measurements of interfacial tension
using by ELF, we use the modified oscillating drop method with a core-shell droplet formed by steel
melt and molten oxides. Therefore, we need to make core-shell droplet by selecting molten oxide
compositions. Approximately, interfacial tension is estimated from the surface tension difference
between iron melt and molten oxides. From above situations, we perform by parabolic flight (PF)
experiment in order to confirm making a core-shell droplet for selecting molten oxide composition
with iron melt. In this report, we show the results of PF experiments for making a core-shell droplet
by selecting molten oxide and iron melt.
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Fig.1 Schematics of immiscible liquid drop by iron
melt sand molten oxide for calculating total surface
free energy

Table1 Thermopysical properties of oxide melt
for estimating equilibrium shape of immiscible
liquid drop by iron melt and molten oxide

(a) (0)
Tron density, pre [kg/m3] 7.03 x 10°
Oxide density, pox [kg/m?] | 2.85 x 10 3.50 x 10°
oFe [MN/m] 1.76
00x [MN/m] 0.59 0.45
Ting [mN/m] 1.42 1.05
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Fig.3 Schematics of EML facilities for parabolic
flight experiments
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Fig.4 Drop formation of iron melt and molten
oxides under microgravity conditions, (a)case of
oxide composition with Ca0:AL03:Si0:=14:36:50,
and (b)-(d) cases of oxide composition with
Ca0:SiOz2: Mn304:TiO2:FeO= 25:7:23:18:27. (b)-(d)
are cases of different ratio of core radius R; to
outer radius of core-shell drop R, :
(D)R2/Ry = 1.01, (¢) Rz/Ry1 =1.07 and (d)
Ry/Ry = 1.2,
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Fig.5 Schematics of aerodynamic levitation with

acoustically excitation of surface oscillation

technique for surface tension measurement of
molten oxides.
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Fig.6 Temperature variation of surface tension of
molten oxides with model compositions for welding
flux. (x: maximum bubble method results)
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