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Introduction: The great majority of the Lunar surface 

is made of oxidized minerals. This oxygen can be sep-

arated from the base metals and metalloids by melting 

the regolith and putting it through an electrolysis pro-

cess. Terrestrial electrolysis processes use an electro-

lyte to optimize temperature and chemistry, but these 

electrolytes are consumables and have not yet been 

developed for efficient reuse in a high throughput sys-

tem. Honeybee Robotics has been developing a molten 

regolith electrolysis system for Lunar use. To rapidly 

test new designs for components such as electrodes, 

sensors, and volatile control mechanisms for this sys-

tem, Honeybee Robotics has constructed a concentrat-

ed solar simulator and test bed. Honeybee is using this 

simulator to melt regolith simulant for integration into 

the GaLORE (Gaseous Lunar Oxygen Regolith Elec-

trolys) system in partnership with SwampWorks at 

NASA Kennedy Space Center.  

 

Molten Regolith using Lunar Simulant: Tests were 

performed to compare molten regolith in open air to 

molten regolith produced in vacuum. JSC-1A was used 

for this test in both cases using the same power intensi-

ty, focal distance to the regolith surface defocused to a 

10 cm diameter, and 10 minutes exposed to the light 

emitted by the xenon short arc lamp. The cooled sam-

ples from both cases are shown below (Figure 1). 

The results show that the major and minor diameter 

is consistent in between the two cases, 8 cm and 5 cm 

respectively. The thickness, however, varies between 

the two. In vacuum, there is no atmospheric pressure to 

keep the surface tension of the molten regolith from 

pushing upwards as the core of the molten pool is out-

gassing. This outgassing causes bubbling on the sur-

face while the melt is occurring and give the sample 

under vacuum a very porous structure. A thin layer of 

molten material keeps the bubble together, but cools 

extremely rapidly once the heating source is removed 

and crumbles under slight pressure when refrozen. The 

cooling is so rapid that overall density of each sample 

can vary by an order of magnitude depending on 

whether the system is turned off during or after internal 

bubble formation.  

Figure 2: Electrode gap variance. 
 

Component Tests and Variations: Honeybee has 

experimented with variance in electrode material, 

shape, and gap. Preliminary results indicate that lower 

temperature melt pools have higher dynamic instability 

and do not reach a steady state electrically for sus-

tained and predictable electrolysis. Voltage driven 

ameperage spikes indicate that joule heating is neces-

sary even when a melt pool has formed. Time depend-

ent amperage spikes indicate that paths of least re-

sistance are forming, electrolysis is happening in those 

paths, and then evolved oxygen may be blocking fur-

ther electrolysis. Visible differences can be seen in 

melt pool quality when gaps of different sizes are used: 

much smaller bubble formation and larger pools of 

electrolyzed materials form when the system is orient-

ed for joule heating with a smaller electrode gap 

(Figure 2, right). Variation on these components and 

test parameters are ongoing, with the goal of construct-

ing a flight-forward model for integration into a CLPS 

sized payload within the next two years. 
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Figure 1: JSC-1A samples after being produced and 

cooled in open air (Upper) and in vacuum (Lower). 
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