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1. Introduction 
The Fe–Cu binary alloy, known for exhibiting a metastable miscibility gap over a wide composition range 

in the undercooled liquid state, presents a unique microstructural behavior. When small Cu-rich droplets are 

dispersed within an Fe-rich liquid matrix in the undercooled immiscible liquid region and subsequently 

solidified in this state, the alloy emerges as a promising candidate for high-temperature latent heat thermal 

energy storage applications.1)2) In such alloys, the Cu-rich phase, encased by an outer shell of Fe-rich solid, can 

be selectively melted and solidified to utilize latent heat effectively. 

Understanding and controlling which phase—Cu-rich or Fe-rich—becomes dispersed or continuous, as well 

as managing their replacement, shapes, and the number of droplets, require precise measurements of surface 

tension, interfacial tension, density and viscosity of the liquid phases. To address this, our study focuses on 

accurately and precisely measuring the thermophysical properties of molten Fe-Cu alloys using electrostatic 

levitation aboard the International Space Station (ELF-ISS). 

2. Experimental procedure 
Small spheres of Fe-25at%Cu and Fe-50at%Cu alloys, each approximately 2 mm in diameter, were prepared 

by arc melting. A positively charged spherical sample was suspended between three pairs of electrodes using 

electrostatic forces under microgravity conditions using ELF-ISS. The sample was heated and melted by the 

radiation from semiconductor laser beams from four directions. To minimize the effects of oxygen adsorption 

on the surface tension of the molten sample, an Ar-H2 pressurized atmosphere at 2×105 Pa was used to lower 
the oxygen partial pressure of the atmosphere. 

The density of each droplet was calculated by dividing the mass of the sample by its volume as determined 

from the sample image, assuming the molten sample was axisymmetric. 
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Surface and interfacial tensions were calculated from the frequencies of the surface oscillations of the droplet, 

based on methodologies proposed by Rayleigh and further developed by Egry et al. These ossifications were 

induced by superimposing a sinusoidal excitation voltage onto the levitation electric field.  

The viscosity of the molten samples was calculated from the damping time of the surface oscillation. 

3. Results and discussion 
We successfully measured the density, surface tension, and viscosity of molten samples under microgravity 

conditions. The density of molten Fe-25at%Cu and Fe-50at%Cu alloys linearly decreased with increasing 

temperatures. An increase in the copper composition led to higher densities, a trend that aligned well with 

data reported in the literature by Kobatake et al., Watanabe et al., and Vyukhim et al. 

The temperature dependence of the 

surface tension for molten Fe-25at%Cu 

alloy is slightly convex upward curve, as 

shown in Fig. 1. A similar temperature-

dependent trend was observed for the Fe-

50at%Cu alloy sample; however, its 

surface tension is lower than that of 

molten Fe-25at%Cu alloy. These 

measurement results align well with 

terrestrial studies using the 

electromagnetic levitation technique. At 

lower temperatures, copper atoms would 

tend to segregate at the surface, 

decreasing the surface tension of molten alloy. As the temperature increases, the melt would experience 

enhanced mixing. In this scenario, the surface tension may increase with rising temperature, given that the 

surface tension of pure liquid iron is higher than that of liquid copper. 

The viscosity of molten Fe-25at%Cu and Fe-50at%Cu alloys are decreased with elevating temperatures as 

well as those for pure liquid iron and copper. The increase in copper composition lowers the viscosity. 

Despite successful measurements of surface tension, density, and viscosity, the interfacial tension between 

the separated Fe-rich and Cu-rich liquid phases could not be measured due to challenges in exciting surface 

oscillations at the low temperatures necessary for observing the metastable separation of these phases. The 

natural frequencies of the two liquid phases, as predicted from ground experiments, may not have been 

accurately estimated. We hope to further investigate this issue and consider an attempt to measure the 

interfacial tension under microgravity conditions in the future. 
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Fig.1  The temperature dependence of the surface 

tension for molten Fe-25at%Cu alloy 
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