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1. Motivation & Subject Matter
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Figure 1: Average composition of lunar regolith [5]
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A Perform a literatureaesearchandinvestigatepossibleprocesses for regolith
beneficiation(chapter 3.1)

A Statetechnicalrequirements and specificationshat sufficientlycharacterizehe test
a i | yah@dperformance(chapter 3.2)

A Conceivea beneficiatiorconceptby selectingprocessesdepictinga roughsetup, and
illustrating this setup as part of a technical skefchapter 3.3)

A Calculatethe parameters andlerive thedimensionsthat are needed tansurethat all
requirements are met (chapter 3.4)

A Selectreadilyavailablecomponentsthat fulfill the demanded tasks (chapter 3.5)

A Designa preliminaryand adetailed3D model of thetest standusingcomputer-aided
design g§hort: CAD software(chapter 3.6)

A Planthe production by sourcingthe selected componentslerivingtechnicaldrawings

andissuinga bill of materials from th@reviously createdfinal model(chapter 3.7)
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A RegolithBeneficiationand Utilization

A In-Situ Propellanand ConsumableBroduction
A Shared Water, Hydrogen and Oxygen Infrastructure
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A Theprocessef allmainISRU stages (excavatidm@neficiation,and extraction’ utilization)

A Thematerialsto be processed (the ingoing regolis well aghe outgoingmineral stream$
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Figure 2: A universal flowsheet for ISRU in the frame work of lunar oxygen production based on [14, p. 2]
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A Whereasunderground miningsubsurface)is often neededo reach deeply buried rock
stratum interrestrial mining lunar regolithis easily accessible andn, thus,be harvested
usingsurface miningonly

A While mining drills and crushing equipment are neededitdodge rockgto get to the ore
mineral) on Earth, the findunar regolith can be loadeghto the excavatowithout any pre-
comminution

A Whilst terrestrial excavation appliances (like bulldozers) are operated by personnel, it is not
viable nor economicallienableto adopt this scheme to space. Extraterrestaatavators
mustbe highly automaticrobots
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Figure 4: Types of excavators [15, p. 4]
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2.1.2.1 Particle Sizing
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Figure 5: A schematic depiction of a vibratory sifter [21] and a hydro -cyclone [22] for sizing
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2.1.2.2 Mineral Enrichment
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Figure 6: Earthed drum separator according to Manouchehri [23, p. 31]
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Figure 7: Oxygen yield as a function of the  ilmenite grade for hydrogen reduction of regolith [33, p. 9]
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Figure 8: Material flow during the beneficiation of lunar regolith
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Figure 9: Typical lunar soil agglutinates  found in Apollo samples [18, p. 296]
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2.2.1.1 Geochemical Composition
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A Basaltic meaningthat they predominately contain basati fine-grained,darkgrey, and
very hardrock formedthroughrapid cooling of lavéhat isrich in ironand magnesium

A Anorthositic, i.e., mostly containinganorthosite a coarsegrained ,brightly textured rock
formedwhenmagmasolidifies aftetintruding rock, majorlymade of plagioclase feldspar

A Meteoritic constituents which only make up a sméiaction (<2%) ofhe regolith
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Table 1: Content of minerals and glasses (vol.%) in ~ Apollo (A) and Luna ( L) samples [18, p. 123]

A-15 A-15 A-17  A-17
A-11 A1l 2 A-14 (H) (M) A-16 (H) (M) L-16  L-20 i‘jz 4

Plagioclase 214 23.2 31.8 34.1 12.9 69.1 39.3 34.1 14.2 52.1 20.9
Pyroxene 449 382 319 380 61.1 85 27.7 30.1 57.3 27.0 51.6
Olivine 2.1 5.4 6.7 5.9 5.3 3.9 11.6 0.2 10.0 6.6 17.5
Silica 0.7 1.1 0.7 0.9 . 0.0 0.1 - 0.0 0.5 1.7
[lmenite 6.5 2.7 1.3 0.4 0.8 0.4 3.7 12.8 1.8 0.0 1.0
Mare Glass 16.0 15.1 2.6 15.9 6.7 0.9 9.0 17.2 5.5 0.9 3.4
Highland Glass 8.3 14.2 25.0 4.8 10.9 174 8.5 47 11.2 12.8 3.8
Others = = 5 - 2.3 - 0.7 - -

Total 99 9 999 100.0 100.0 100.0 99.9 99.9 99.8 100.0 99.9 99.9

Data from Papike et al. (1982), Simon et al. (1982), Laul et al. (1978a), and Papike and Simon (unpublished). (H)
Denotes highland. (M) Denotes mare.
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2.2.1.2 Physical Properties
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Figure 10: Particle size distribution of the lunar regolith based on 350 samples [11, p. 2]
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Table 2: Lunar soil in -situ porosity in dependence of regolith depth  [18, p. 492]

Depth Range (cm) Average Porosity, n (%) Average Void Ratio, e
0-15 52+2 1.07 £ 0.07
0-30 49 + 2 0.96 £ 0.07

30- 60 44 + 2 0.78 + 0.07
0-60 46 + 2 0.87 + 0.07
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Figure 11: Magnetic distribution for a typical mature highland soil (67501) [45, p. 5367]
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