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Introduction 

ü Volatile extraction on the Moon is an important task for the future 
aspect of in-situ resource utilization, regardless of the location on the 
Moon. 

ü Many experiments have been carried out on the Apollo return samples in 
a laboratory environment. 

ü The data obtained with the Apollo samples are invaluable when these 
results are referenced for the development of an ISRU payload to 
extract volatiles on the Moon as part of lunar surface exploration.

ü We present our preliminary research project on volatile extraction using 
the lunar simulant samples and indicate some aspects and directions of 
future research on this topic towards volatile extraction on the Moon. 

ü Our goal is to develop an volatile extraction demonstrator in mid-low 
latitude of the Moon

Credit : NASA
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Experimental Settings on Volatile Extraction 

ü Considering the payload mass budget, the amount of sample required for 
the LUVED can be confirmed as the range of sample weights from 
approximately 200 to 500 mg studied with the Apollo samples [Gibson & 
Johnson (1971), Gibson and Moore (1972)]. 

ü The initial melting points ranged from 1130°C~1150°C [Gibson and 
Moore (1972) ].

ü  The temperature required for solar wind volatile extraction is known as 
700°C, at this temperature, H2, 4He, 3He, H2O, N2, CH4, CO, and CO2 are 
released [Allen et al. (1996)].

ü Considering these reference temperatures, the heating temperature 
required for LUVED could be as low as 700°C if no other in situ 
experiment
ü   hydrogen reduction temperatures for Apollo samples at 1050°C [Allen et al. (1996)
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Heating Temperature for Volatile Extraction 

700°C

https://fti.neep.wisc.edu/fti.neep.wisc.edu/neep602/9301/node2.html

The heating temperature required for 
LUVED could be as low as 700°C if no other 
in situ experiment 
- hydrogen reduction temperatures for Apollo 
samples at 1050°C [Allen et al. (1996)]
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Volatile Extraction (Apollo 11, 12 samples) 

Gibson and Johnson 1971
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KIGAM Lunar Simulant for This Study
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Experimental Settings on Volatile Extraction 

ü The volatile extraction experiment conducted at KIGAM and IVT in Korea 
ü Payload of a lunar volatile extraction demonstrator (LUVED) for the Korean 

lunar lander planned for 2032. 
ü Volatile extraction experiments using few lunar simulants and chemical 

oxides at a temperature range up to 700°C. 
ü An IR lamp with a quartz crucible to heat
ü A sample weight of approximately 1 g 
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ü Heating started when the pressure reached 2.6 x 10-7 mbar (the 
base pressure of the TDS system ~5 x 10-9 mbar)

ü The heating rate was set at 20.0°C/min. 
ü The temperature was maintained at 700°C for 10 minutes
ü  The chamber was allowed to cool down at the same rate.
ü The released gas was monitored using a RGA.
ü  This preliminary investigation demonstrated that initial gas 

extraction could be accomplished after heating for 30 to 40 
minutes

ü The experimental system (IVT uTDS) was calibrated with a 
NIST SRM 2453a (126.8 mg/kg, H). 

Preliminary Data of Volatile Extraction
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Ion Current vs Time 

Ion current of gas release as a function of time and temperature. 
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KIGAM 달 모사토
산소, 수소, 물 등 기체추출

KIGAM Lunar Simulant
O, H, water, etc. Extraction
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Gas Release vs Temperature
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Gas Evolved Amount for Various Samples
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Gas Concentrations
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< Major Steps >

v Heating lunar regolith

v Analyzing evolved gases

v Separation techniques for 
gases, such as oxygen, 
hydrogen, and water. 

v Testing hydrogen storage 
capabilities with nanomaterials 

v Capability of In-Situ Resource 
Utilization (Future Investigation) 

LUnar Volatile Extraction Demonstrator (LUVED)
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500 keV Ion Implanter System at KIGAM  

Specifications
Applications
ü Characterization of space 

materials and electronics 
parts 

ü Implantation of ions into 
polymers for reformation

ü High performance test for 
semiconductors

ü Carbon nanotube 
reformation 

Space Applications
ü Simulation Solar Wind 

Interactions

ü Produce ion implanted 
lunar simulant

Metal Beam: Be, B, C, Al, 
Fe (50~100 µA) 

v Energy : 200 keV proton, 
1E+18/cm2

v Beam Current : 10-20 µA/cm2

v Irradiation : 6 hr, 3E+14/cm2/s

v Beam Size ID : 2.5 cm
v Target Thickness:  1 mmPreliminary 

Experiment Ion-implanted 
lunar simulantKim and Kim 2024 (unpublished)



Credit: USGS

Summary 

ü The temperature required for volatile extraction for LUVED can be <800°C. 
ü A few lunar simulants for landing site candidates are needed to be developed. 
ü For effective volatile extraction developing ion-implanted simulant is useful.
ü The initial melting temperature of Apollo samples were known as over 1000°C [3,4] and 

refractory minerals require even higher temperatures as ~1600°C [6]. 
ü However, for volatile extraction from lunar regolith, the required temperature could be 

approximately 700°C. 
ü The experimental data of this study confirms the <800°C, a temperature requirement of 

the LUVED, which is to extract volatiles from the lunar soil in a mare region of either 
mid or low latitudes on the Moon. 
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KIGAM’s ISRU Research Areas 

Credit: KIGAM



New Developments at KIGAM

LIBS

LIBS GNS

KGRS/EQM

NS

Gas Extraction Chamber

LUVED

5 Gas Monitoring Module

Lee, Tae-Hyuk et al. 2020

LUOVED

KGRS/
EQM

GNS EU

Preliminary KPLO Gamma-Ray Spectrometer (Kim et al. LPSC 2024)

99.999% Mg

Updated
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