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1. Introduction

Investigation of high-temperature oxide melt is very challenging because chemical reactions with containers 

are very difficult to avoid. Moreover, the contribution of diffraction from a crystalline container makes it 

difficult to obtain high-quality diffraction data from high-temperature oxide melts. However, the use of 

levitation technique1) can overcome these problems and enable deep undercooling and enhanced glass 

formation owing to the elimination of extrinsic heterogeneous nucleation. Recently, studies on high-

temperature oxide melts and the formation of oxide glasses from supercooled oxide melts using levitation 

techniques have been of particular interest in understanding the structure of these materials and the process 

of glass formation. Quantum beam diffraction measurements using synchrotron X-rays and neutrons 

combined with density measurements at the International Space Station (ISS) are a powerful tool to study the 

structure and dynamics in high-temperature oxide melts and glasses. 

We have been working on high-temperature glass-forming liquid oxides, e.g. SiO2 and non-glass-forming 

oxide melts, e.g. Al2O32) and ZrO23) to uncover the relationship between glass-forming ability and atomistic 

structure of high-temperature oxide melts. We review our previous studies and report recent studies on liquid 

Er2O3 melt4) and MgO–SiO2 melts by density and X-ray diffraction measurements, and reverse Monte Carlo 

(RMC) – molecular dynamics (MD) simulations. 
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2.  Experimental 

2.1 Density measurement 

The densities of high-temperature oxide melts were measured with an electrostatic levitation furnace (ELF)5) 

at the ISS. A sample of 2 mm in diameter. It was charged by friction or contact with other materials in ISS–ELF 

and then levitated to the center between six electrodes that apply Coulomb force. The sample position was 

stabilized by tuning voltages between electrodes and monitoring the image of the sample backlit by a He–Ne 

laser. The levitated samples were heated and melted by four 40 W semiconductor lasers. The temperature of 

the sample was measured by a pyrometer. The sample image was observed by ultraviolet back light and a 

CCD camera. The sample volume was calculated from its diameter obtained from the image and the density 

was calculated from the volume and weight of the sample specimen. 

2.2 Diffraction measurements 

The X-ray diffraction measurements of high-temperature oxide melts were performed at the BL04B2 

beamline of SPring-8 using an aerodynamic levitator6). The energies of the incident X-rays were 61.4 and 113 

keV. The 2-mm sample was levitated in dry air and heated by a 200W CO2 laser. The temperature of the sample 

specimen was monitored by a two-color pyrometer. The measured X-ray diffraction data were corrected for 

polarization, absorption, and background, and the contribution of Compton scattering was subtracted using 

standard analysis procedures6). 

The neutron diffraction measurements of high-temperature oxide melts were conducted on the NOMAD 

diffractometer7) at SNS of Oakridge National Laboratory using an aerodynamic levitator. The 3-mm sample 

was levitated in dry argon and heated by a 400W CO2 laser. The temperature of the sample specimen was 

monitored by a two-color pyrometer. The measured scattering intensities for the samples were corrected for 

instrument background, absorption of the samples, and multiple scattering and incoherent scattering and then 

normalized by the incident beam profile. 

The fully corrected data sets were normalized to give the Faber–Ziman8) total structure factor S(Q), and the 

total correlation function T(r) was obtained by a Fourier transform of S(Q). 

2.3 RMC–MD simulation 

RMC–MD simulation was performed to determine an atomic configuration of high-temperature oxide melts 

in a cubic box to reproduce X-ray and/or neutron S(Q). After the MD simulation, RMC refinement was 

conducted using RMC++ code9). 
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3. Results and discussion 

3.1 Density of Er2O3 melt 

Figure 1 shows the density of Er2O3 melt as a function of temperature4), which shows a linear temperature 

dependence. The least-squares fit to the measured data is given by the following equation: 

𝜌𝜌(𝑇𝑇) =  𝜌𝜌𝑚𝑚 [1 − α(T − 𝑇𝑇𝑚𝑚)](kg/m3) (1) 

where ρm is the density at Tm (8170 kg/m3) and α (=1/ρm[dρ(T)/dT]) is the thermal expansion coefficient which 

is assumed to be constant (1.0 × 10–4 K–1). The uncertainty in the measurements is estimated to be 2%. 

 

Figure 1.  Density of Er2O3 melt as a function of temperature4). 

3.2 X-ray diffraction data of Er2O3 melt 

The X-ray total structure factors S(Q) of Er2O3 melt together with the results of the RMC–MD simulation4) 

are compared in Fig. 2. As can be seen in the figure, the experimental S(Q) data is well reproduced by the 

RMC–MD simulation. The first peak observed at Q=2.1 Å–1 can be assigned to the principal peak whose width 

is much narrower than those of SiO2, Al2O3 and ZrO2 melts. 
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Figure 2.  X-ray total structure factors, S(Q) of Er2O3 melt at 2923 K4). 
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