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Introduction:  One of the early benchmarks in a 

sustainable return to the Moon is the in-situ extraction 

of volatiles from lunar ices for the production of rocket 

fuel and other critical materials.  With missions pro-

gressing toward launch to find and sample lunar ices 

and conduct assessments of in-situ volatile extraction 

methods, it is imperative that some exploratory exper-

iments are conducted to characterize any potential in-

teractions of lunar ices with differing host regoliths 

during the extraction process. 

This experiment was intended to identify potential 

differences in the physical progress of volatile extrac-

tions from lunar ice caused by the presence of High-

land or Mare regoliths in the samples.  Possible chemi-

cal reactions during volatile extraction were avoided 

and are not addressed in this paper. 

Background:  After lunar rovers and landers me-

chanically collect an ice/regolith sample, current vola-

tile extraction processes rely on heating the collected 

sample to melt and vaporize the ices so the liberated 

gasses can be drawn off and further processed into 

their end products.   

Information from the LCROSS impact experiment 

[1] was used to create a simulated lunar ice and set its 

relative abundance and nature of incorporation [2] into 

the simulated regolith for this experiment.  It is im-

portant to remember that this is information from a 

single location on the Moon and that the ices in other 

locations may have differing chemical compositions 

and physical characteristics. 

Simulants Used:  The lunar regolith simulants used 

in this work were OPRH2N (Off Planet Research High-

land Type 2 Non-Agglutinate) and OPRL2N (Off 

Planet Research Mare Type 2 Non-Agglutinate).  The 

simulated lunar ice that was created was designated as 

OPRFLCROSS1, which is based on the data gathered 

from the LCROSS impact [1] experiment shown in 

Figure 1; the SO₂ and OH components were not in-

cluded in the simulated lunar ice for safety reasons.  

The specifications for these simulants can be found at 

Offplanetresearch.com/simulants. 

Sample preparation:  The simulated lunar ice was 

mixed with the regolith simulants using the percentage 

for relative ice abundance in the ejecta plume from the 

LCROSS impact (Figure 2).  In an article in Space.com 

[2], Principal Investigator Anthony Colaprete said that 

“based on initial observations, it is likely water ice is 

interspersed between dirt particles on the lunar sur-

face.”   

It is possible that other locations on the Moon have 

ice deposits in differing physical states within the rego-

lith, however many proposed processing methods crush 

the ice/regolith samples as they are transported to the 

extraction chambers resulting in the same starting con-

dition of the samples for our experiments. 

Samples of Highland and Mare simulants of equal 

dry mass were placed into appropriate stainless steel 

containers.  Liquid nitrogen was used to cool the rego-

lith simulants and equipment and to freeze the simulat-

ed lunar ice.  The frozen ice was then shaved or 

crushed into a fine powder and mixed evenly into the 

simulants in the correct proportions.  The ice/regolith 

sample containers were then sealed and kept cold with 

liquid nitrogen until the experiment was conducted. 

 

 
Figure 1:  Table 2 from Colaprete, A. et al [1]. Rela-

tive abundances of ice constituents.  The uncertainty in 

each derived abundance in shown in parenthesis. 
 

 
Figure 2:  Table 1 from Colaprete, A. et al [1]. Sum-

mary of the total water vapor and ice and ejecta dust 

in the NIR instrument FOV. 
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