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NASA/USGS Simulants

* Previous prototypes NU-LHT-1M & 1D
* Current prototypes NU-LHT-2M & 2C
e Summer 2009 NU-LHT-3M (~4 tons)

(NASA/USGS-Lunar Highlands Type-version, grain-size type)



Development progress

* Synthetic agglutinate production (patent pending)
LHT-1M

* High quality glass production LHT-1M

* Optimized particle size distribution (grinding)
LHT-1M

e Dust material LHT-1D

e Minor minerals LHT-2M

* Synthetic breccia LHT-2C

* Synthetic mineral preparation



Improved mineral composition

e Trace mineral additions to LHT-2M
[Imenite (Fe™Ti**0;) 0.44 %
Phosphates 0.12%
Fluorapatite (Cas(PO4);F,Cl)
Synthetic whitlockite/merrilite (f Ca;PO, )
Chromite (Fe™Cr,0,) 0.04 %
Pyrite (FeS) 0.01 %

(amounts determined by SEM X-ray modal analysis)



Synthetic mineral production

* Plagioclase (Anorthite An95)
* Pyroxenes
Clinopyroxene (Augite, Ca, Mg, ,Fe,,510;),)

Orthopyroxene (Enstatite Mg, -sFe,,:S10;),)
e Olivine (Fo75)




Synthetic mineral preparation

 Commercially available reagents
AlL,O,, S10,, CaO, MgO, Fe,CO;, Na,CO,

* Melt at Zybeck Advanced Products (1500-2000C)
Batch mode, Continuous feed mode

* Crystallize during cooling
* Yield 20-60 Ibs material



B Synthetic Anorthite An 95

o Anorthite glass

Anorthite, crystalline




Whole Pattern Fitling and Rietveld Refinement
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Whole Pattern Fitting and Rietveld Refinement
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Synthetic Lunar Breccia

* Well over 90% of the rocks (>1cm) fragments at the
Apollo 16 site are some form of impact breccia

 In order to produce a prototype simulant with large
particles (1-20cm, 1.e. LHT-2C) with physical properties
more similar to those present in the highlands regolith we
synthesized “impact melt breccia”, a material with
various types of lithic. crystalline and glassy clasts in a
glassy matrix.
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Future directions

* Development of LHT-3M ~ 4 tons June 2009
* Development of mineral feedstocks
Natural & synthetic

* Prototype simulant based on synthetic materials
(plagioclase, pyroxene, olivine, agglutinate,
glasses & trace minerals)
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