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Introduction:  The goal of Artemis is to establish a sustained presence on the Moon. To achieve so, numerous resources are necessary. The Moon contains several essential elements needed to sustain human presence. Most of those elements are trapped in the form of minerals [1]. To refine those minerals into useful materials, reduction methods are needed.

Most reduction methods on Earth require large amounts of mass and power which is unrealistic for early stages of building a lunar base. To solve this problem, we developed a process for Lunar In-Situ Aluminum Production via Molten Salt Electrolysis (LISAP-MSE).

The LISAP-MSE project, if successful, will demonstrate the use of the Fray-Farthing-Chen (FFC) Cambridge process to reduce aluminum oxide (i.e., alumina) into aluminum and oxygen gas via electrolysis in a molten salt bath for the production of aluminum on the Moon. This process will be similar to that shown in Figure 1 below.
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Figure 1: Aluminum Oxide Electrolysis [2]

It will be shown that with a steady supply of hydrogen chloride, this in-situ resource utilization (ISRU) method can supply almost all of the necessary materials consumed in the FFC Cambridge process (except hydrogen chloride) to produce aluminum metal, oxygen, water, and silica from anorthite. Once sourced and constructed, the LISAP-MSE apparatus will be characterized and calibrated in an atmospheric pressure setting before being tested inside vacuum chambers. These testing conditions include under atmospheric pressure and under vacuum conditions.

Once testing is completed, the end product will be characterized using a handheld X-ray fluorescence (XRF) analyzer along with density tests to verify the elemental composition. Following the XRF analysis is a set of density tests that will be compared to the densities of pure aluminum and pure alumina. This will help determine the amount of aluminum produced, and thus assess the efficiency of conversion.

Assuming a maximum yield of 100%, 27 g of aluminum metal, 45 g of water, and 11 g of oxygen gas can be yielded from 182 g of hydrochloric acid as shown in Table 1 below,

Table 1: Stoichiometric Yields

	Name
	Formula
	Net 

Consumption
	Net Yield

	
	
	(mole)
	(g)
	(mole)
	(g)

	Hydrogen 

Chloride
	HCl
	5
	182
	-
	-

	Water
	H2O
	-
	-
	2.5
	45

	Anorthite
	CaAl2Si2O8
	1
	278
	-
	-

	Silica
	SiO2
	-
	-
	2
	120

	Calcium Chloride
	CaCl2
	-
	-
	1
	111

	Aluminum Metal
	Al
	-
	-
	1
	27

	Oxygen Gas
	O_2
	-
	-
	1
	11


Based on our study of existing literature, we assess the entry TRL of the proposed LISAP-MSE concept at 2-3 (analytical and experimental critical function and/or characteristic proof of concept). Through this project, we aim to elevate the TRL to 4-5 (component and/or breadboard validation in relevant environment) and pave the way for large scale aluminum production on the Moon [3]. Mainly driven by chemical reactions, the LISAP-MSE process is massively scalable allowing for a smooth transition from testing phase to batch production. This aluminum can be used to construct habitats and infrastructure for a lunar base which can potentially support a sustained human presence on the Moon.
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