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Introduction: Future sustained lunar surface op-
erations will require materials that are impractical to
transport from Earth. One strategy to reduce this logis-
tical burden is the use of in-situ resource utilization
(ISRU), where materials available on the lunar surface
are processed for construction and manufacturing uses.
Of the materials available on the lunar surface, alumi-
num is one of the most abundant metallic elements,
particularly in anorthite-rich highland materials, and
represents a promising resource for ISRU. Aluminum
could support structural components, electrical con-
ductors, thermal systems, and manufacturing feed-
stocks for lunar infrastructure. Among the techniques
proposed for extracting aluminum from lunar materi-
als, electrochemical approaches are particularly attrac-
tive because they offer a pathway to produce both me-
tallic aluminum and oxygen, the latter of which could
support life support and propellant production systems.

Molten Salt Electrolysis (MSE) has been proposed
as a method for extracting aluminum from lunar-
derived feedstocks using molten calcium chloride
(CaCl.) electrolytes at temperatures significantly lower
than molten regolith electrolysis. Previous work
demonstrated the formation of metallic aluminum
products through electrochemical reduction of alumi-
num-bearing materials in CaCl>-based systems, con-
firming the feasibility of the approach and providing
initial insight into electrode stability and product for-
mation [1]. While these early demonstrations estab-
lished proof of reduction, further work is required to
understand how key operating parameters influence
electrochemical performance and system stability.

Experimental Approach: This work expands on
earlier demonstrations through a structured parametric
investigation of factors influencing aluminum produc-
tion via molten salt electrolysis. Experiments are con-
ducted in molten CaClz at temperatures between ap-
proximately 900 °C and 1000 °C using aluminum-
bearing feedstocks representative of lunar materials.

The first parameter examined is temperature, which
influences ionic mobility, electrolyte conductivity, and
electrochemical reaction kinetics. A second focus is
cathode material selection, with molybdenum and
tungsten evaluated as candidate materials due to their
high melting temperatures and stability in molten salt
environments. Nickel is also investigated as a degrada-
tion case to better understand electrode-product inter-
actions and potential contamination mechanisms.

The influence of atmospheric conditions is also ex-
amined by comparing experiments conducted in ambi-
ent air with those performed under inert argon envi-
ronments. Oxygen and moisture present in ambient
conditions may affect oxide formation and electrode
stability. In addition, electrolyte transport and convec-
tion effects are considered to evaluate how melt dy-
namics influence ion mobility, mass transport, and
dendrite formation during electrolysis.

Expected Outcomes: The objective of this study
is to determine how these parameters influence alumi-
num formation, electrode stability, and contamination
pathways in CaCl.-based molten salt electrolysis sys-
tems. Establishing these relationships will help define
operational trends and conditions that promote stable
aluminum production while minimizing undesirable
reactions.

Experimental testing is currently ongoing, and pre-
liminary results from the parametric study are expected
prior to the conference. These results will provide in-
sight into electrochemical behavior, electrode compat-
ibility, and the feasibility of sustained aluminum pro-
duction in molten salt systems relevant to lunar ISRU.

Implications for Lunar ISRU: A reliable process
for aluminum extraction from lunar materials could
enable local production of structural metals for lunar
infrastructure. Aluminum produced through molten
salt electrolysis could support construction of landing
pads, structural components, electrical infrastructure,
and thermal management systems. Oxygen generated
as a byproduct of electrochemical reduction may also
contribute to life support and propellant production.
Systematic parametric studies such as those presented
here represent an important step toward developing
scalable electrochemical processing systems for future
lunar resource utilization.
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