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Lunar Dust Adhesion Mitigation Opportunities and Needs

1 Environment suits visors, joints, controls 6 Power distribution equipment connectors, radiators

2 Sensing /optical equipment Lenses, sensors, connectors 7 Lunar rovers Gears, bearings, shafts, screens, radiators, instrumentation
3 Airlocks poor seals, interior surfaces, controls 8 Lander / Landing Site Hatches, instrumentation, fueling equipment
4 Communications equipment pish surfaces, sensors 9 Habitat Joints /seals /interlocks

5 Solar arrays Panel surfaces 10 Excavating equipment Bearings, controls, gears
Image credit; NASA

« Enable sustainable human
presence by leveraging
materials and coating
technologies to mitigate
and/or manage lunar dust

— Lunar rover mechanisms:
gears, bearings, shafts

— Lander: lander legs, hatches
— Habitat: joints, interlocks

— Excavating equipment:
bearings, gears



« Composition varies depending on location [1]

— Lesser amounts of sodium, potassium, chromium
and zirconium

— Trace amounts of virtually all elements from ppb to
ppm level

— Mixture of crystalline and amorphous material
« Particle properties [2]

— Particle size varies from nm to mm; range of
primary concern 1-100um-sized particles

— Nominal density ~1.5g/cm?
— Irregular, jagged morphology
— Electrically charged

Preventing dust adhesion to spacesuits and equipment will be a critical
component of safety and success of future lunar surface exploration missions

Image Credits Left: NASA Right: NASA AS11-40-5951
[1] D.J. Loftus, et al., “The Chemical Reactivity of Lunar Dust Relevant to Human Exploration of the Moon,” Planetary Science Division Decadal Survery white paper (2020).
[2] C. Meyer, NASA Lunar Petrographic Thin Section Set (2003).



Plume-Surface Interactions During and After

Lunar Landing Events

* Limited experimental data on lunar dust particle
velocities and angles of impingement

— Nano- to micrometer-sized particle sizes
— Within 50m of landing site, particle velocity estimates 300-

2000m/s
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Image Credits Top Right: NASA MSFC/Peter Liever; Bottom Left: NASA LaRC; Bottom Right: NASA Lunar Surface Wear Map https://plumesurfacewearmap.larc.nasa.gov/ 4



» Substrate material considerations for reusable lunar lander leg
o Mechanical properties
o Coefficient of thermal expansion (CTE)
o Space-heritage

« Candidate substrate materials
o Aluminum alloys
o Titanium alloys
o Polymer composites

Material g/cm? Pa.mO0>°
Ti-6Al-4V 4.43 1.15E+11 366 1.14E+8 9.10

Aluminum 2219 wrReys /.57E+10 121 4.50E+7 2.38

Image credit: NASA 5




Abrasion and Adhesion -

coating applications Material g/cm3) | (um/m-°C)| Method

o High-performance machining Candidate Coating Material Properties

and tooling Alumina 8.3 APS
o Mining and drilling Alumina-Titania 3.5 3.9 APS |
o Gears and bearings Boron Carbide 2.53 9.4  Vacuum-PS

o Armor/defense Chromium Carbide JKss - HVOF
] ] ] Chromium Oxide 522 3.7 APS
« Coating candidate material | STy
reqU|rementS Nickel Chrome 23 e A
o Low density Co-Mo-Cr-Si Gl
o Substrate compatibility (Tribaloy T-800)
o Processability Substrate Materials

o Commercial and market Aluminum 2219 ekl 23.8
availability Ti-6AI-4V 4.43 9.1 i

Image credit: NASA



Test Methods far ‘Evaluating Lunar Dust

Abrasion and -Adhesion

« Coupon-level mechanical property assessment
o Taber abrasion wear (ASTM D4060)
o Hardness
o Room temperature
o Cryogenic conditions
o Nanoindentation

o Young’s modulus
o Scratch test
»o Lunar dust adhesion test

 Assessing performance in more representative
environments

o Wear under vacuum
o Particulate erosion rig

.. i : Al6061 substrates coated with (a) alumina-
> Do_vvn-select promising ceramic coatlng for test titania (Al,O5-TiO,), (b) chromium oxide
article (CrO,), (c) Tribaloy T-800 and (d) chromium
carbide-nickel chrome (CrC-NiCr)

image credit: NASA LaRC/Valerie Wiesner



Coupon-Level Mechanical Property Assessment - -

for Abrasion
« Taber abrasion wear (ASTM D4060)
o Change in coating thickness

o Weight loss after set number of cycles
o Wear index value (average mass loss per thousand cycles of abrasion)

* Profilometry to evaluate wear pattern
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Taber abraser test setup

Image credit: NASA LaRC/Chris Wohl 8




« After 1200 cycles: Thickness after
o Weight change inconclusive 1200 cycles | Coating

o Minimal change in coating Material Loss (um
thickness R\ROISION 258.0 + 6.3 250574 7.55+1.3

OO 284.1+79 2809+57 3.2+6.6
* Profilometry reveals negligible wear pattern

Alumina-titania Chromium carbide Stainless Steel

» Taber abrasion testing at higher cycles ongoing

Middle and bottom image credit: NASA LaRC/Chris Wohl 9



* Lunar Dust Adhesion Test
o Coated specimen mounted on circular sonic wand tip
o Lunar dust simulant (LHS-1D, <25um) deposited by aerosolization technique

o Optical microscopy images taken before and after specimens subjected to sonic
wand amplitude

Sonic Wand Motion

>—ﬂ35 Particle
: | Motion

Schematic of lunar dust adhesion test setup

Image credit: NASA LaRC/Chris Wohl
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* Al,0O,5-TIO, ceramic
Before dust deposition After dust deposition

Y

After sonic wand test

-

* Cr,05; ceramic

Before dust deposition After dust deposition After sonic wand test

U A TR0 i _ ‘ 100 pm

» Minimal adhesion observed with further analysis underway

Image credit: NASA LaRC 11




Protective Coatingé for Lunar Applications

« Materials that mitigate lunar dust adhesion and abrasion are needed to
enable sustainable lunar exploration }

— Lunar dust poses threat to current and future lunar mission success
— Plume-surface interactions especially challenging

. Exploring protective coatings to enable reusable lunar lander s -
1 ré 8 suggest alumina-titania and-

% it \

\ ‘ -~ e
N Evaluatlng coatlng candldatés using cbupion level assessment and
- environmental testing E*i;‘}‘“;g\\ v W) %
- —Traditional coupon-level mechanical testing
L Unlque in-house screening capabilities; including vacuum ch&ber for wear

testing and system performance as a résult of simulant exposure

Image credit: NASA ‘ 2 \ 12



Image credit;: NASA
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