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1. Introduction 

To realize sustainable human activities on the Moon, it is essential to establish in-situ resource utilization 
processes on the lunar surface. Lunar regolith, composed of metal oxides1) as shown in Table 1, can be reduced 
to obtain valuable metals and oxygen. Electrochemical processes, which are driven by electrical power, offer 
the advantage of not requiring the transportation of reducing agents such as carbon from Earth to the lunar 
surface. As part of research on the reduction of lunar regolith using electrochemical processes, several research 
groups have reported experiments on the electrolytic recovery of metals from molten regolith2-4). This method 
offers advantages in terms of ease of procurement on the lunar surface and simplicity of electrolyzer setup. 
However, there are concerns regarding the tendency for the melt composition to become imbalanced as 
electrolysis progresses, leading to an increase in the melting point and viscosity. 
 
Table 1. Typical range of weight fractions of principal metal oxide components in lunar regolith1) . 

Components SiO2 FeO Al2O3 CaO MgO TiO2 Na2O 

Lunar regolith 43–47% 5–16% 13–27% 10–15% 6–11% 1–4% < 1% 
 

Here, we propose an electrolytic melt with a new composition consisting of a mixture of lunar regolith 
and a fluoride salt5). Compared to a melt containing sole molten lunar regolith, a system mixed with halide 
salts has physical properties that are advantageous for electrolysis, such as a lower melting point and viscosity. 
In this study, CaF2 is used as the halide salt. CaF2 can be obtained from fluorapatite, which is a lunar mineral 
and exists in concentrations of 3.0-3.8 wt.%6). Therefore, it is possible to construct an electrolytic melt that is 
more suitable for electrolysis using only minerals found on the Moon. This study investigated the fundamental 
electrochemical behavior aimed at recovering metals from lunar regolith using electrochemical processes, and 
discusses plans for thermal property measurements using the electrostatic levitation furnace (ELF) in the Kibo 
module of the International Space Station (ISS).  

2. Experiments 

FJS-1, which has a composition similar to that of the excavated samples from Apollo 14, was used as a 
lunar regolith simulant for the experiment. The composition of the metal oxides that make up FJS-17) is shown 
in Table 2. The melting point of the FJS-1 and CaF2 mixture was measured using TG-DTA. Electrochemical 
measurements were performed using a three-electrode system, and the metals obtained by electrolytic 
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reduction were analyzed by SEM and EDS. As a test using a levitation device, a gas jet-type levitation test was 
conducted on spherical samples after laser heating. 
 
Table 2. The weight fractions of metal oxide components in FJS-17). 

SiO2 Al2O3 CaO FeO Fe2O3 MgO Na2O TiO2 K2O P2O5 H2O MnO 

49.1 16.2 9.1 8.3 4.8 3.8 2.8 1.9 1.0 0.44 0.43 0.19 

3. Results and Discussion 

TG-DTA and electrochemical measurements clarified the fundamental thermal and electrochemical 
properties of FJS-1 and CaF25). The differential thermal analysis curves measured for various compositions of 
FJS-1 and CaF2 found that the eutectic temperature was 1275 K at FJS-1:CaF2=90:10 wt.%, which is lower than 
the melting point of FJS-1, 1393 K. Furthermore, electrochemical measurements also revealed the reduction 
behavior of FJS-1:CaF2=80:20 wt.%, demonstrating that Al and Si derived from FJS-1 can be recovered by 
electrolysis. 

In a levitation experiment on the ground, we conducted a levitation experiment of molten regolith 
simulant using a gas jet levitation device heated by a semiconductor laser. It has been confirmed that melting 
and levitation without sample volatilization is possible. We also conducted similar tests using CaF2-containing 
samples and investigated the deliquescence of each sample. 

The results of this research project will provide knowledge that will contribute to the establishment of a 
unique lunar resource utilization process and contribute to the realization of manned activities on the Moon. 
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