How to utilize one
of the most
abundant resources

on the Moon:
Regolith?



The anot 051t1c materlal
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Lunar highlands Alumina
regolith

v

Main component: Anorthite Al,05

CaAlz Slz 08



2. Electrochemical
reduction




Alumina Aluminum

Al,0; Al



3. Wire Fabrication




Aluminum produced Aluminum
by electrolysis wire
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4. Aluminum Additive
Manufacturing




1. Preprocessing _ hddlesng o
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1.

5 Processes:

Beneficiation

Digestion (HCI
Leaching)

Separation
Sparging

Calcination




Beneficiation
Before

* Target Al extraction

* Crude magnetic
separation to
reduce the iron
content




Digestion (HCI Leaching)

CaA125i208 + 8HC1 + 8H20 - 2A1C13‘6H20 + 28102 + CaCIZ




Separation of silica

* Solid phase centrifuged from supernatant

 Dried at 150°C for 1 hour




Sparging

* Sparging was efficient but prone to blockages

* Clogging was resolved by increasing the gas pressure, blowing
out the crystals.




Calcination

2A1Cl,.6H,0 — Al,0; + 6HCl + 9H,0

1. 15t calcination: Decomposition of ACH

2. Water Wash: Recovery of CaCl, and
remove any other soluble salts

3. 2™ calcination: Remove any water
present
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Results

Al, 0,

Silica Production Alumina Production

Oxides Percentage Oxides Percentage

SiO, 92.72 AL O, 90.66

AL, O, 4.50 Si0, 4.92

CaO 1.95 CaO 1.91

Na,O 0.34 Na,O 1.18

FeO 0.29 FeO 0.50

MgO 0.09 TiO, 0.08

TiO, 0.07 MgO 0.29 E"ﬁ)
Other 0.04 Other 0.45 h




2. Electrochemical
reduction




Hall-Héroult Process




Graphite or
Inert Anode

Cathode with

TiO, or AlO;4

Molten CaCl, Electrolyte

FFC Process

Thermocouple

Crucible

Use of CaCl, as the electrolyte instead of
NasAlF, considering the wide availability
of calcium in lunar anorthite.

CaCl, is also a byproduct of the pre-
processing technique we have proposed.

An inert anode could be used to recover O,
from the reduction of the metallic oxides

This process has proven to be highly
versatile and robust, as it has been proven
successful in the reduction of other metal

oxides &

A3



Reaction

Gas Outlet
i

2

Gas Inlet

Copper Coil
Water-Cooling System 3

—

Graphite Anode _ [ T - - Thermocouple

11— ~ ~Molybdenum Cathode

b=

Alumina Crucil_)lg

? Calcium Chloride
$S Crucible < T
-—%l | J




Reaction

W
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Aluminium

11.00%
m Corundum

Results
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3. Wire Fabrication




1100 | -
I4+06 :

AlSTF
1.6 1.25




Alloy

1100

TAFA 01T

2319

4047

AlSi7

5356

Content

999, Al
1% Residuals

99.5% Al
0.5% Residuals

93.0% Al
6.3% Cu
0.7% Residuals

85.5% Al
12.0% Si
2.5% Residuals

91.6% Al
7.0% Si
0.8% Fe

0.6% Residuals

94.6% Al
5% Mg
0.4% Residuals

Initial Wire

Gauge
1.40mm

1.80mm

1.00mm

1.80mm

1.50mm

1.10mm

Final
Wire
Gauge

0.85mm

1.30mm

0.85mm

1.40mm

1.25mm

0.85w




1. Casting
2. Hammering

4. Drawing




Final
Alloy Content Wire
Gauge

99% Al
1100 1% Residuals 1.60mm

94.7% Al
3.8% Cu
2024 1.2%Mg 1.60mm

0.3% Residuals

97.8% Al
1.5% Mn
3003 0.2% Cu 1.60mm

0.5% Residuals

97.0% Al

2.2% Mg

0.2% Cr
0.6% Residuals

97.9% Al

1.0% Mg

0.6% Si
0.5% Residuals

91.0% Al
5.1% Zn

0.2% Cr &)
7075 2.1% Mg 1.60mm

N
1.2% Cu -

5052 1.60mm

6061 1.60mm




ing

2. Hammer

1. Casting
3. Rolling
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THE BAYER PROCESS
SLURRY MIXING

CAUSTIC

biGESTION (Al(OH)3) BAUXITE SODA (NaOH)

Flocculants and coagulants
(Polyacrylamides)

CLARIFICATION

Carbon dioxide

PRECIPITATION CALCINATION ALUMINA STORAGE



1. Digestion

Anorthite Hydrochloric acid
(CaAl,Si,03) (HCI)

\ A 4

2. Separation
(Centrifugation)

HCI (recycled)

3.5parging 4. Calcination
(HCD)



