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Here on our home planet, where we have been liquefying various “permanent gasses” 

since 1877 [1], most of us take it for granted that when we go out to buy a cryogenic liquid (or 

even a pure gas) that we don’t have to write our own specification for what the allowable 

contaminants are.  Instead, we pull up the Mil-specs and decide what grade we need. [2-4] 

These specifications have been repeatedly refined over the years as the industrial gas process 

plants that purify the gas and liquid products improve.  This also helps the company that is 

designing and building a plant, as they can take appropriate air quality measurements to define 

what contaminants are present and build in the appropriate filtering systems accordingly. 

Failure to get the measurements accurate enough (or if a new industrial plant moves in 

changing the contaminants) can cause costly changes for a plant.  

However, leaving the Earth behind and looking at production on other planetary bodies, 

the specification process is much less well defined. For the moon, there is no atmosphere, so 

the fluid production must use what is in the local regolith (a word that represents what we call 

“dirt” on the Earth, but without the organic and life compounds). We have returned samples for 

study back on Earth from eleven locations: the six locations for the Apollo manned missions, 

three locations from the Soviet Luna spacecraft, also in the 1960s, and two locations returned 

by the Chinese (including the first sample from the far side of the moon) [5, 6]. The location of 

these samples (see Figure 1) are not representative of the wider geology of the moon or of 

where NASA wants to land the Artemis missions, near the craters of the south pole [7]. The 

LCROSS mission [8] did take measurements after crashing an upper stage into a polar crater, but 

that is just one sample. The VIPER rover, having gone through cancelation and several re-

manifests in the last year, is currently scheduled to take in-situ measurements at the lunar poles 

after launch in 2027. [9] For Mars, we have samples measured robotically in the different 

locations where rovers have taken place in-situ [10]. The coverage of these sampled locations 

may not be indicative of where a production plant might be built. Thus, we are left with many 

unknowns even before we consider what processes might be used.  

Another consideration that must be taken into account is what product the end-user can 

tolerate. Most studies indicate the initial user of the fluids generated on these surfaces will be 

returning landers through propulsion. [11] Initial studies on the actual engines themselves have 

shown robust tolerances to consumable impurities. [12] The subsystem just upstream of the 

engine consists of the cryogenic propellant liquefaction and storage systems, so exploration of 

the tolerance of these systems to impurities is required. Given the wide range of processes for 

the production of gases (electrolysis [13], molten regolith electrolysis [14], and carbothermal 

oxygen production [15]), the actual contaminates could be as varied as the sample locations 



across the lunar surface. Thus, a simplified method of characterization of contaminates must be 

identified to allow for understanding of the wide variety of possible impurities. 

To accomplish this, we look at the relative impacts of different types of fluids based on 

their phase and relative density and come up with the following list table with four main 

categories.  Table 1 shows the fluid impurities by phase and density grouped together by like 

impacts (colors). 

Table 1: Categories of fluid interactions based on phase and density, colored by category of 

impact. 

Phase: Solid Liquid  Gas 

Lower Relative 
Density 

Solids that float Liquids that rise Gases that rise 

Neutral Relative 
Density 

Solids that form a 
colloid 

Liquids that mix Gases that mix 

Higher Relative 
Density 

Solids that sink Liquids that sink Gases that fall 

 

From a liquefaction process perspective, the solids and liquids that sink (green boxes) occupy a 

volume at the bottom of the system and can be removed through a draining process. The solids 

and liquids that mix within the main fluid (yellow boxes) don’t affect the liquefaction process 

but may cause issues if they become too concentrated in the bulk liquid for consumption. Gases 

that are neutrally buoyant (grey box) will simply accumulate in the vapor space of the system 

and will need to be vented when they reach a certain concentration. The remaining four 

conditions (orange boxes) will directly affect the phase change process of the liquefaction 

system: Solids and liquids that rise by interrupting the phase equilibria at the interface, gases 

that rise and fall respectively by impeding or aiding the motion of the condensate film on the 

wall of the condenser. Additional considerations include, but are not limited to, the reactivity of 

the contaminant with the bulk fluid and the relative likelihood of the gas to dissolve into the 

liquid. 

Measuring the effects of the four conditions as a function of contaminant quantity, especially 

those in the vapor phase are critical for understanding liquefaction operations and the 

allowable contaminants, both as they build up and interact within the system. As NASA 

develops liquefaction operational concepts and demonstrations, these contaminations need to 

be taken into account. Initial CryoFILL brassboard LN2 testing showed possible substantial 

impact of helium contamination in the ullage [16].  Further testing with helium and other 

contaminants is needed to understand the orange boxes in Table 1. Follow-on tests for CryoFILL 

have identified helium and argon as possible gases that can answer questions on the gases that 



rise and gases that fall items.  Water vapor was considered to address solids that float, but due 

to concerns with build-up in undesirable locations, has been deferred to future testing. 
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Figure 1: Map of the lunar sample return locations [ref 6]. 


