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Title: Advances in Molten Oxide Electrolysis for the Production of Oxygen and Metals
from Lunar Regolith

Authors: Donald Sadoway, Laurent Sibille, Aislinn Sirk, Orlando Melendez, Peter
Curreri, Dale Lueck, Jesus Dominguez, Jonathan Whitlow

As part of an In-Situ Resource Utilization infrastructure to sustain long term-human
presence on the lunar surface, the production of oxygen and metals by electrolysis of
lunar regolith has been the subject of major scrutiny. There is a reasonably large body of
literature characterizing the candidate solvent electrolytes, including ionic liquids, molten
salts, fluxed oxides, and pure molten regolith itself.

In the light of this information and in consideration of available electrolytic technologies,
the authors have determined that direct molten oxide electrolysis at temperatures of
~1600 °C is the most promising avenue for further development. Results from ongoing
studies as well as those of previous workers will be presented. Topics include materials
selection and testing, electrode stability, gas capture and analysis, and cell operation
during feeding and tapping.
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previous work at MIT
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cell design
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working electrode
* graphite, Ni, or Pt shrouded in Al,O,

« 6 mm @ planar

counter electrode

e carbon crucible
« graphite rod contact
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cell design

reference electrode
« Fe?*/Fe couple

 Ferodin melt of 10% FeO -
supporting electrolyte

« alumina tube capped with hot-
pressed BN

« contact via drill hole 0.4 mm @
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testing candidate anodes in fluxed
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Molten Oxide Electrolysis
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Electrolysis of JSC-la on Mo
electrodes

Working electrode: Mo rod
Reference electrode: Fe rod
Counter electrode: Mo rod
Electrolyte: JSC-la
Container: MgO crucible
Temperature: ~1350°C

Instrument: PARSTAT with
PowerCV, PowerStep and
PowerCorr software

Heat source: carbon tube CE RE WE MgO crucible
furnace
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leCCrolysis

2.5 - e — 3000

I Ca

|

4 | _j: 12500 9

~ | Al Mg o
= : =
= | t 2000 8
g15 ! S
pa ' | T 1500
5 : operating T = 1600 °C =
- 1 I 'S
e | o
o l + 1000 ©
n 1 =
8 I =
Q05 : Solid ceramic begins =

: to precipitate T 500

:

|

0 | II T | | 0
0 50 100 150 200 250 300

grams O, produced



IR R 3 ¢ S ot I SR S R e A R SR R I e S T TR
sStatus report

[ = |
III I - - = Sadoway. & S s PRI R _ February 12, 2008




7 /5%

Form Approved
REPORT DOCUMENTATION PAGE OMB NGt 0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing
data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or
any other aspect of this collection of information, including suggestions for reducing this burden, to Department of Defense, Washington Headquarters Services, Directorate
for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that
nolt\gitg:/ltgnding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently

vali control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
conference presentation February 10-14, 2008

4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Advances in Molten Oxide Electrolysis for the Production of Oxygen and NAS10-03006

Metals from Lunar Regolith 5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Donald R. Sadoway
L. Sibille 5e. TASK NUMBER
A. Sirk
O. Melendez
D. Lueck 5f. WORK UNIT NUMBER
P. Curreri
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
ASRC Aerospace REPORT NUMBER
ASRC-24

Kennedy Space Center, FL 32899

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITOR'S ACRONYM(S)
National Aeronautics and Space Administration

Applied Technology Directorate (KT) NASA/KSC
Kermedy Space Center, FL 32899 11. SPONSORING/MONITORING
REPORT NUMBER

12. DISTRIBUTION/AVAILABILITY STATEMENT

13. SUPPLEMENTARY NOTES

14. ABSTRACT

As part of an In-Situ Resource Utilization infrastructure to sustain long term-human presence on the lunar surface, the production of
oxygen and metals by electrolysis of lunar regolith has been the subject of major scrutiny. There is a reasonably large body of
literature characterizing the candidate solvent electrolytes, including ionic liquids, molten salts, fluxed oxides, and pure molten
regolith itself.

In the light of this information and in consideration of available electrolytic technologies, the authors have determined that direct
molten oxide electrolysis at temperatures of ~1600 °C is the most promising avenue for further development. Results from ongoing
studies as well as those of previous workers will be presented. Topics include materials selection and testing, electrode stability, gas
capture and analysis, and cell operation during feeding and tapping.

15. SUBJECT TERMS
In Situ Resource Utilization; Oxygen Production; Lunar technology; Molten Regolith Electrolysis; Molten Oxide Electrolysis,
Electrowinning

16. SECURITY CLASSIFICATION OF: 17. klgnslx%;l&r:l OF 18. ggMBER 19b. NAME OF RESPONSIBLE PERSON
a. REPORT | b. ABSTRACT | c. THIS PAGE PAGES |Laurent Sibille
19b. TELEPHONE NUMBER (Include area code)
15 (321) 867-4422

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. 239-18



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18

