
Current growing interest on the Moon

How	to	utilize	one	
of	the	most	

abundant	resources	
on	the	Moon:	
Regolith?



The	lunar	surface	is	mostly	
covered	by	anorthositic	
material	(~80%).	

The	anothositic	material	
composition	is	roughly	

about:
	95%	anorthite	(𝐂𝐚𝐀𝐥𝟐𝐒𝐢𝟐𝐎𝟖)

5%	albite	(𝐍𝐚𝐀𝐥𝐒𝐢𝟑𝐎𝟖)



Lunar	regolith	beneficiation	and	
chemical	processing	for	the	extraction	of	
additive	manufacturing	grade	aluminum

Xavier	Walls,	Bertrand	Thibodeau,	and	Alex	ElleryFrom	Lunar	Regolith	to	Aluminum	Additive	
Manufacturing:	Bench-Scale

Demonstration	of	Metallic	Aluminum	Production	from	a	
Highland	Simulant	and

its	Utilization	as	Feedstock	for	3D	Printing	on	the	Moon



1.	Preprocessing



Lunar	highlands	
regolith

Main	component:	Anorthite	

𝐂𝐚𝐀𝐥𝟐𝐒𝐢𝟐𝐎𝟖

Alumina

𝐀𝐥𝟐𝐎𝟑



2.	Electrochemical	
reduction



Alumina Aluminum

𝐀𝐥𝟐𝐎𝟑
𝐀𝐥



3.	Wire	Fabrication



Aluminum	produced	
by	electrolysis

Aluminum	
wire



4.	Aluminum	Additive	
Manufacturing



1.	Preprocessing

Bertrand	Thibodeau



Current growing interest on the Moon

5	Processes:

1. Beneficiation

2. Digestion	 (HCl	
Leaching)

3. Separation

4. Sparging

5. Calcination

1.
2.

3.

4.

5.



Beneficiation

• Target	Al	extraction

• Crude	magnetic	
separation	to	
reduce	the	iron	
content

Before

After



Digestion	(HCl	Leaching)
CaAl2Si2O8	+	8HCl	+	8H2O	→	2AlCl3·6H2O	+	2SiO2	+	CaCl2



Separation	of	silica

• Solid	phase	centrifuged	from	supernatant

• Dried	at	150°C	for	1	hour

AlCl3·6H2O
+

CaCl2

SiO2



Sparging

AlCl3·6H2O
+

CaCl2

SiO2

• Sparging was efficient	but	prone to	blockages

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



Calcination

1. 1st	calcination:	Decomposition	of	ACH

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

3. 2nd	calcination:	Remove	any	water	
present

2AlCl3.6H2O	→	Al2O3	+	6HCl	+	9H2O
AlCl! ( 6H"O

Al"O!



Lunar	resourcesResults

Silica Production
Oxides Percentage

SiO2 92.72

Al2O3 4.50

CaO 1.95

Na2O 0.34

FeO 0.29

MgO 0.09

TiO2 0.07

Other 0.04

Alumina Production

Oxides Percentage

Al2O3 90.66

SiO2 4.92

CaO 1.91

Na2O 1.18

FeO 0.50

TiO2 0.08

MgO 0.29

Other 0.45

Al$O%SiO$



2.	Electrochemical	
reduction



Hall-Héroult	Process

(Na!AlF")



FFC	Process
• Use	 of	 CaCl(	 as	 the	 electrolyte	 instead	 of	
Na)AlF*	 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



Reaction	



Reaction	



Results 

89.00%

11.00%

Corundum Aluminium



Lunar	resources



Lunar	resources



3.	Wire	Fabrication



Lunar	resources



𝐀𝐥𝐥𝐨𝐲 𝐂𝐨𝐧𝐭𝐞𝐧𝐭 Initial Wire	
Gauge

Final	
Wire	
Gauge

1100 99%	Al
1%	Residuals 1.40mm 0.85mm

TAFA	01T 99.5%	Al
0.5%	Residuals 1.80mm 1.30mm

2319
93.0%	Al
6.3%	Cu

0.7%	Residuals
1.00mm 0.85mm

4047
85.5%	Al
12.0%	Si

2.5%	Residuals
1.80mm 1.40mm

AlSi7

91.6%	Al
7.0%	Si
0.8%	Fe

0.6%	Residuals

1.50mm 1.25mm

5356
94.6%	Al
5%	Mg

0.4%	Residuals
1.10mm 0.85mm



Lunar	resources1.	Casting
2.	Hammering

4.	Drawing

3.	Rolling



𝐀𝐥𝐥𝐨𝐲 𝐂𝐨𝐧𝐭𝐞𝐧𝐭
Final	
Wire	
Gauge

1100 99%	Al
1%	Residuals 1.60mm

2024

94.7%	Al
3.8%	Cu
1.2%Mg

0.3%	Residuals

1.60mm

3003

97.8%	Al
1.5%	Mn
0.2%	Cu

0.5%	Residuals

1.60mm

5052

97.0%	Al
2.2%	Mg
0.2%	Cr

0.6%	Residuals

1.60mm

6061

97.9%	Al
1.0%	Mg
0.6%	Si

0.5%	Residuals

1.60mm

7075

91.0%	Al
5.1%	Zn
0.2%	Cr
2.1%	Mg
1.2%	Cu

0.4%	Residuals

1.60mm



Lunar	resources1.	Casting 2.	Hammering

4.	Drawing
3.	Rolling



Thank you!

xavierwallsperez@cmail.carleton.ca

Xavier	Walls

Kate	Marczenko Alex	Ellery

Bertrand	
Thibodeau

Priti	Wanjara



(𝐀𝐥 𝐎𝐇 𝟑) (𝐍𝐚𝐎𝐇)
Flocculants and coagulants

(Polyacrylamides)

Carbon dioxide



Anorthite
(CaAl2Si2O8)

Hydrochloric acid
(𝐇𝐂𝐥)

1.	Digestion

2.	Separation
(Centrifugation)

3.	Sparging
(HCl)

4.	Calcination

HCl	(recycled)


