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Abstract: Lunar surface development requires in-situ resource 

utilization (ISRU) which involves manufacturing using the 

regolith. The regolith is melted and solidified to fabricate 

components. However, numerous pores generates inside the 

solidified material, and their formation mechanism remains 

unclear. Therefore, this study aims to clarify the composition of 

pores generated during the melting of regolith simulants. In 

this study, regolith simulant named FJS-1 was melted by an 

electron beam irradiation. The solidified material was then 

drilled using a diamond-coated drill. The ion current of the 

pore components contained within the solid was measured 

using a quadrupole mass spectrometer, resulting in the mass spectrum shown in the figure. The presence 

of fragment peaks for each atom was confirmed to narrow down the substances present. The solidified 

material appeared to be black color and glossy surface. In addition, some powder particles adhered to the 

surface of the solidified material like sintering. The glossy surface portions were considered to be vitrified. 

The pore components were identified as N2, SiO2, Si, CO, CO2, or a mixture of them. 
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1. Introduction 

Lunar surface development is currently underway. In-situ utilization of lunar materials is essential for 

efficient lunar surface development1). One lunar material attracting attention is lunar regolith. Half of regolith 

simulant consists of SiO22) which is a raw material of glass. Previous study revealed that many pores in the 

molten and solidified regolith simulant, which mimics the composition of lunar regolith. Similarly, 

approximately 50 vol. % pores generate in 1/6G experiments, which suggest that pores may also form in the 

lunar environment3). To suppress or control the porosity, clarifying the mechanisms of pore generation is 

crucial. Therefore, this study aims to clarify the composition of pores generated during melting regolith 
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simulants. In this experiment, a regolith simulant is heated with an electron beam to obtain a solidified 

material. Then, the pore composition was analyzed using quadrupole mass spectrometer (Q-mass) analysis.  

2. Experimental Procedures 

A regolith simulant named FJS-1(Shimizu Corp.) was used as a raw material. The median particle size of 

the FJS-1 was 75 µm. The regolith simulant was filled in a sample container made of Al2O3 under air condition. 

The sample container was then set into an electron beam equipment (EBM-6LB-2VR-C3030, Mitsubishi Electric 

Corp.) and then evacuated to below 10-1 Pa. The electron beam was irradiated to the regolith simulant to melt. 

The solidified material of the FJS-1 was drilled using a diamond-coated drill with a diameter of 3 mm. 

Then, the gas components released from the pore located inside the solidified material were measured by Q-

mass analysis (M-401QA-MUSY, -1900 V, Canon Anelva Corp.) under vacuum pressure (5 × 10-5 Pa). Finally, 

the ion current value for each m/z ratio from 1 to 100 was summarized as a gas mass spectrum. The background 

was the value averaged over 10 s from the base before and after the peak. 

3. Results 

Figure 1 shows a photograph of the solidified material obtained by heat input using an electron beam. 

The dimensions were approximately 42 mm in length in the scanning direction, 10 mm in width, and 14 mm 

in depth. The solidified material appeared with black color and glossy surface. Some sintered material and 

powder particles adhered to the surface of the solidified material. The bottom of the solidified material was 

flat shape.  

Figure 2 shows a gas mass spectrum obtained by Q-mass analysis when the pore inside the solidified 

material opened. The horizontal axis represents the m/z ratio which indicates the ratio of mass to ion charge. 

The vertical axis represents the amount of gas detected as ion current. The bars with blue and orange color 

represent the ion current values at the background and peak, respectively. The results show that the m/z ratios 

at which a large difference occurred between the background and peak values were at m/z = 28 and 44. The 

atoms or molecules corresponding to 28 are Si, CO, and N2. The molecules corresponding to 44 are CO2 and 

SiO.  

 

 

Figure 1. Regolith simulant solidified by electron beam heating. 

 

Figure 2. Relationship between the m/z ratio and ion current value during pore release caused by drilling. The blue 

and orange bars represent the background and the actual measured values, respectively. The labels above 

the bars indicate the molecules and atoms corresponding to each m/z ratio. 
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4. Discussion 

In the Q-mass equipment, the released gas from the solidified material was irradiated by the electron 

beam and ionized. During the ionizing process, some molecules within the gas component randomly separate 

into atoms. These atoms are detected as fragment peaks4), which can distinguish the gas components in detail. 

For instance, the fragment peaks of the candidate gas components (N2, Si, CO) corresponding to m/z = 28 are 

(N, Si, C, O), respectively. When checking the mass spectrum in Figure 2 for m/z=14, which corresponds to N, 

a fragment peak was present. The same procedure was applied to other candidate gas components at m/z =28, 

fragment peaks were also present for Si, C, and O. Next, the fragment peaks of the potential gas components 

(CO2, SiO) corresponding to m/z=44 are (C, O, Si), respectively. Considering the above fragment peaks, it was 

determined that N2, Si, CO, CO2, and SiO could all be present. 

5．Conclusion 

In this study, the regolith simulant FJS-1 was melted using an electron beam, and the gas pore contained 

in the solidified material was analyzed using a Q-mass spectrometer. The results revealed that the gas pore 

was composed of N2, SiO2, Si, CO, CO2, or a mixture of these.  
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