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THE ROLE OF LUNAR SIMULANTS VERSUS
APOLLO SAMPLES IN ISRU ACTIVITIES
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s The Greatest Deterrent to the Production
, of Smtable Lunar Regolith Slmulants’>

a General Lack af Knowledge of Lunar Sample

Chemlcal and Physmal Characteristics!!
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30,000 to
>100,000 km/hr
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Concentrations of Solar-Wind Volatile Species
In Lunar Regolith Samples, in ppm
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100 parts per million = 0.01 wt%

Haskin and Warren, 1991
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Lunar Soil Formation
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The major Weathering and Erosional agent on the Moon is



{_ -l_/ University of Tennessee, Planetary Geosciences Institute

Larry Taylor, lataylor@utk.edu
Impact-Glass
Bead
Agglutinate

Chips

Lunar Mare Soil

B Rock Fragments .

P Mineral Fragments T Sk

I Glassy Particles B
Agglutinates i,

Impact-Glass Droplets - 1
Volcanic Glass Spheres

Regolith: broken up rock material; ‘Soil’: <1 crn portion of the Regolith
Dust: <20 pum portion of the Soil
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Vapor-Deposited Nanophase Fe® on Plagioclase
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Microwave Heating of Lunar Soil

so small as to be below the effective “skin depth”

of microwave penetration; makes for

GREAT MICROWAVE COUPLING!

Lunar solil in your kitchen microwave oven
will melt [~1200 °C],
BEFORE your tea-water boils [100 °C]!!

(Taylor and Meek, 2005, Jour. Aerspace Engr.)




{_ -l_/ University of Tennessee, Planetary Geosciences Institute

Larry Taylor, lataylor@utk.edu

UNIQUE LUNAR SOIL PROPERTIES

Reduced Nature: Fe® no Fe3*: ilmenite beneficiation?

All Lunar Rocks contain metallic Fe as a nhormal phase

Glass and Aggluti nates. Notjust glass, texture

Lunar Dust: PSD, morphology, 70-90% glass

Nanophase Fe: proper size distribution; no magnetite

Magnetic Properties: not from Fe3* phases

No Hydrated Alteration: clays, goethite
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CUMULATIVE PERCENT COARSER THAN

Approximately 50 wt% of Lunar Soil is <50 pm ;

DUST = <20 um = ~20 wt% = >50% Impact Glass




~450 mg
<1 mm lunar soil
DRY Sieved to <45 um
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PSD OF LUNAR MARE DUST

Apollo 11 Dust 10084

PSD by SEM

Particle diameter (um)

Max Particles ~ 100 nm

Particle Size with
the Largest Number of Grains / Mass
is at 100-300 nm

Particle diameter (um)

Max Particles ~ 200 nm
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SO! Rather than Work with MSFC,

GRC Makes Thelr OWN DUST SIMULANTS!
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SEM Images
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W Apollo 17 High-Ti Basalt (reflected light)
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Production of LLOX by LLH Reduction of limenite

SIMULANT OF CHOICE??

|
FeTiO3z+ H, ? Fe + TiO, + H,O electrolysis H, + %2 O,

lImenite Solid Oxygen
feed Product Product

JSC-1A, which has 0% ILMENITE

H., most easily breaks the bonds between the Fe and the O!

Fe XYO + H, =% Fe + XY + H,0




American S:wicly of Civil Engincérs. pPp- 857-866, 1994

JSC-1: ANEW LUNAR SOIL SIMULANT

David S. McKay, James L. Carter, Walter W. Boles,
Carlton C. Allen, and Judith H. Allton

Abstract

A new lunar soil simulant, JSC-1, has been developed and characterized under the auspices of the NASA Johnson Space Center. This simulant was
produced in large quantities to satisfy the requirements of a variety of scientific and engineering investigations. JSC-1 is derived from volcanic ash
of basaltic composition, which has been ground, sized, and placed into storage. [The simulant’s chemical composition, mineralogy, particle size
[distribution, specific gravity, angle of intemal friction, and cohesion have been kharacterized and fall within the ranges of Ms.
JSC-1 is available for only the cost of shipping.

Used for:

Introdu H> Reduction of limenite [but no ilm]
lImenite mineral beneficiation [no ilm]

The Lunar Simulant Working Group at Space 92 identified the need for large N\Jare soil chem. [it IS not typ ical at al |]
soil. The previous year the report of the Workshop on Production and Uses 61 vunwawu cunar mawsian wiciuucu. onnwans v sunar ivens anu
soils with appropriate properties, although difficult to produce in some cases, will be essential to meeting the system requirements for lunar
exploration” (McKay and Blacic, 1991). In order to address this need, a new simulant has been developed under the auspices of the NASA
Johnson Space Center. JSC-1 is a glass-rich basaltic ash which approximates the chemical composition, mineralogy, particle size distribution, and
engineering properties of lunar mare soil.

JSC-1 was produced specifically for large- and medium-scale engineering studies in support of future human activities on the Moon,| Such studies

include material handling, construction, excavation, and transportation. The simulant is also appropriate for research on dust control, spacesuit

durability ] i - ] -
qnii(| Take-Away to Engineers: "One eeds

This material complements, but does not replace, lunar simulant MLS-1, produced by the University of Minnesota (Weiblen et al, 1990). MLS-1 is

P VROARON TV AT Tl o I RS A S I PSS [ WY U FOESEA RO RGOS SOl IR LSS AL, IRV UV INTEN) WA OSSR A NG ) RS I P [l L PR RO L SOOI e M L PR R ¢ RS
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Regolith Simulant Used During Apollo
Slope Stability (Fig. 9.39; LSB, 1991)
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Calculated stability of artificial
slopes constructed in lunar
surface material. Data are /A
presented for 3 situations: T *Factor of Safety

(1) an excavation in lunar soil SN

(2) a compacted pile of

excavated lunar soill;

(3) a dumped pile of lunar soil

eight, h (m)

1
%]

A vertical cut can safely e =
— - > ' umped (angle
be made in lunar soil to a Compacted of repose) F.S.=1.0

F.S.=1.5
depth of about 3 m; . e 70

1
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Drive-Tube Core Tube
driven into

(With C-Black Markers) Lunar soil simulant

League City Sand
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_I;;H!Lunar Regolith Simulant Situation

ﬂ literally Dozens of Lunar Simulants have been Produ

Most are being Made by the Actual U
G MSFC is NASA’s Lunar Simulant Center fo
of Regolith Simulants; with O | }
LY MSFC was Supposed to & ‘(
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Apollo Lunar Samples

e Lunar Sample Laboratory at
NASA JSC in Houston is chief
repository for samples from
Apollo 11,12,14,15,16,&17

e 382Kkg

e 2196 original samples

e Now subdivided into 86,000
samples

e Samples distributed to
scientists and educators
worldwide

« 80% by weight
remains pristine:
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Positive pressure
Stainless glovebox
Nitrogen
Chemically Clean [}
Level D +0.15" a
Restricted Materials
Level C +0.10" _ Chemically "Clean
Airlock
Change Room
Level B +0.05" _
Airlock

Security

Level A O OO" HZO

At

Johnson Space Center
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EXAMPLES of LUNAR SOIL ALLOCATIONS

T.D. Lin, Portland Cement

Chris Knudson, Carbotec, Inc.
LAT, Univ. of Tenn., TBI

Lunar Airborn Dust Toxicity Advisor

To Receive Lunar Sample Allocations from CAPTEM,
One Must Prove UNIQUENESS of the Lunar Samples for the Process
AND MINITURIZE the Process Involved and Tests to be Made AND
Demonstrate Scientific/Engineering Competence.

Very Few ISRU Studies NEED Apollo Rocks / Soils!!
Exceptions: Human factors; Mineral Beneficiation ??
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FIRST Evidence for
7z Water on the Moon
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Everywhere!!
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Moon Mineralogy Mapper
Chandrayaan-1
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L unar Prospector: Hydrogen found at lunar poles

127 128 130 132 134 136 138 140 142 144 146

Epiothermal Neutron Flux

e _"Permanently Shadowed Craters
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LCROSS (October,2009)
@t CR O

Water — ICE; 100 kg
Organic (ammonia, methane, etc)

~ More water
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Amount of
Surface Dew / Ice

L CROSS L ot
E e

100’s of Tonnes

Produced from 1 m3
Lunar Regolith

Permanently shadowed crater

Does This Not Negate
the Major Emphasis on Oxygen Production?
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Lunar Simulant CHEFS’:
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a user's guide to the moon

REVIEWS in
MINERALOGY &
GEOCHEMISTRY

Volume 60

2006
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e.g., “Gray Beards”:
Carrier, McKay, Taylor
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and Bevan M. French

foreward by Harrison H. Schmitt

1991




{_ University of Tennessee, Planetary Geosciences Institute
Larry Taylor, lataylor@utk.edu

Let’s stay for just
One more.....






