MMPACT Material Screening

Reduced-Cost Construction on the Moon and Mars

MMPACT's goal is to use regolith, available all over the Moon and Mars, in the construction of local infrastructure. Taking
advantage of resources at the destination of a space mission is referred to as an In-Situ Resource Utilization (ISRU)
and has the potential to save on mission costs. The tradeoff here is that material properties of regolith-based
constructions are limited, unless additional materials are added. Additionally, targeted minerals in regolith can be sorted

National Aeronautics and
Space

MMPACT Major Milestones

2020: MMPACT project chartered

2020: YET2 Planetary Construction Materials Study
2021-2023: Down-select for landing pad application
2022: Advanced Concepts Office Study

or concentrated in order to change the final properties.

Landing Pad Down-select Materials tested:

Testing of technologies mature enough to 1. Calcium Sulfo-Aluminate

achieve: binder-based mortar (CSA)

« 103 torr vacuum during fabrication or 2. Vitreous Material
environmental enclosure CONOP Transformation glassy

* Multi-layered (min. 2) specimens ceramic (VMX)

* Incorporation of new high-glass simulant 3. Molten Extrusion glassy

» Sizing to meet test standards ceramic (ME)

Down-select testing was performed between 2022 and 2023.

Only VMX and CSA completed a full-suite of the required test matrix. ME submitted
specimens for compression and ablation. Due to unsuccessful technology
demonstrations for the necessary envirionmental enclosure, CSA mortar was not
considered successful for the down-select test campaign, leaving VMX as the best
candidate. In addition to down-select results, VMX showed overall better maturity,
versatility and extensibility out of all candidate technologies.

Regolith-based construction
materials can be used for a
number of applications, such as:

@ Landing pads + blast shields
® Roads
© Habitats
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2022: SBIR Ill award to ICON for development of VMX technology

Down-select Test Matrix

Toolbox Development

* Development of processes and CONOPs

Applications: landing pad repair or augmentation,
roads, habitats

Variety of materials: ceramics, mortars, alloys, sealants,
polymer matrix composites, additives and more
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(CT image courtesy of EM21; x-ray and digital pictures, Kratos-Southern Research Engineering)

VMX compression

Examples of MMPACT material and technology development:
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Molten extrusion
compression specimens

Post-test CSA tension
specimens

Geopolymer concrete
specimens

Microwave multimode fabrication

setup Magnesium Oxysulfate

concrete print

Astroport molten
extrusion tile setup
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