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Space resources and lunar exploration
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Long term exploration target is the establishment of a
permanent lunar research outpost

Requires:
« Large amount of construction material and consumables

High degree of autonomy and resilience
Efficient use of resources available

Local and in-orbit refuelling capabilities

— Circular economy and use of local
resources are essential

2 October 23



esric

Oxygen production from lunar regolith
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End-to-end process from regolith to alloy parts

Lunar regolith

Airbus’ Metal3D in-space
additive manufacturing system
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FFC molten salt electrolysis

Description:

Electrochemical process to remove oxygen from metal oxides,
yielding pure metals

0, or CO/CO,

Current status:

» Has been demonstrated to extract up to 96% of oxygen
present in lunar regolith simulants (Lomax et al., 2019)

* Operational prototype reactor at ESA-ESTEC, processing
259 of simulant in 24h

Upcoming developments:

Investigation of metal products recovery and refinement

Demonstration of end-to-end process with Metal3D

Next generation prototype at ESRIC by early 2024
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Material production

LHS-1 highland regolith simulant feedstock Solid material recovered after FFC process
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Material characterization (SEM-EDX)

Low magnification

SE image of solid product (coarse size fraction)
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Average product content (wt. %)
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Material characterization (SEM-EDX)

Local compositions of phases mapped in Al-Si-Ca-Fe system

Average composition of product obtained from LHS-1 feedstock
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Current findings

Product mostly composed of Al, Si, Ca & Fe, presence of Mg, Ti & stainless steel

Ca-rich and Fe-rich phases tend to be separated

Notable phases include Al,Si,Ca, SiFe, Al;SisFe, Si,Ca, Si, Al

As little as 3 wt.% residual oxygen in recovered product

-—=p Al-Si alloys can be a target end product
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Upcoming work

Refinement End-to-end demonstration

Characterization Feedstock production Scale-up
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Links between ISRU and clean space

« Materials: Heterogenous mixture of metals, with prevalence of Al alloys
 Environment: Processes must be adapted for in-space operations

« Circularity: Need for closed loop, zero-waste approach
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