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Bacikgrouﬁd, - Our Changing VieW“é
of Mars

Mariners - dry, dusty, cold, Moon—hﬁ&/

— Evidence for ancient water flow -
Vikings - dry, dusty, cold, but intermediate between Moon apgks—
Barth Y T e

— RH ~100% (?)%

— Oxidizers in SOI| no life (?)

Pathfinder/Mars Global Surveyor ~ dry, dusty, cgiéPbut
interesting
— Possible’current’ Ilqur " atemows

water

“Mars Phoenix - in situ proof of near-surface &
el "Near neutral pH, perchlorate oxidizer




" Purpose

deate' status of Mars IS I\Rtl’teoh nologies
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Methodology

o MRS

Evaluated CO capture éf'rd/gas separatlon
technologles
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CO2 Freezers Look Promising

CO, freezers have. been tested by Pioneer
Astronautics and Lockheed-Martin

Results show accumulation rates of ~20,
13, and 80 g/hr using lab-scale systems
(equiv. 5-30 g/hr CH,) -

N,/Ar was not measured or. purified
Rapp estimated a CO, freezer: for.0. 5
kg/hr needs ~1/3 the power a'n" 11%3
mass of a compression purnp/‘" mbraf
.CO,, purifier < ST
JPL investigated liquefaction of the
Martian atmosphere, but power
requirements are high

. Adsorption beds also rejected because of

- . high mass, volume, and power

Lockheed Cryox

ooler Freezer




AIte"FhatiVéApproach- Direct Mars
Atmospheric Gas Processing

ISRU processes (SOE, RWGS, Sabatier) may
not require high purity CO.,.

Pioneer Astronautics ran a combined RWGS-
Sabatier process with CO,/N,/Ar for 5-
continuous days without degradation of
catalyst. “d

N, and Ar were not separated from feed, but
were removed during condensgtion or
cryodistillation of products & <. -
Gas separation downstream fr‘b&p% *
reduction process may be easier and still
provide useful buffer gases * =~ = *
Mechanical compression is required, and may
require more power but was claimed to be less
complex. &

- A mass comparison needs to be done, as well.
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COTS Membrane Modules Are Adequate
Parrish (KSC, 2002) performed a study of
several commercial membranes:

— Permea Prism® Alpha Separators PPA-20.

) Neomecs GT #020101. .

— Enerfex SS. 2 ,.

— Enerfex SSP-M100C Membrane sheet.
Temperatures = -45°C to +30°C
Variety of pressures. 3
Designed a system that would o%érate ! Froduct
44°C and 780 mm Hg (1.03&tm) s - = Pormea Second Sgs 2180 e
Feed = 30% CO,, 26% Ar, and 40% N.,.. £

Predictied product = 6 Ipm, 600 ppm CO2, : : il
38% Ar and 62% N.,. 2ed from the capture

B0, (Parrish, 2002)

Permea First Stage 2329 cm’

nbrane purification

47% recovery of the feed.
“#4Work is needed on Ar/N, separation.
— Ar leads to potential bends issue.




Solid Oxide Electrolysis: - it
<=l =
2C0, >2C0+0, (1) U o . -

Sabatier: o e goico
CO, + 4H, > CH, +"2H20 (2)

RWGS: |

CO, + H, 9CO+H20 (3)

SOE: fragile ceramic membrane, but
new developments at Bloomgg;nerm

RWGS: produces only oxygen, but -
recycles hydrogen many times

Sabatier: well known, but need to _’take_
H, to Mars and makes only half the °
oxygen needed

“@S0?




Major Recommendation - Use Mé@ﬁ
Surface Water Resources

Considered by DRA 5.0 \\/

We know where the water (ice) is and how much (Pho_enix-
and Mars Odyssey) -

Combined with:Sabatier, we can make H, on a
get the right ratlo of CH4/O with surplus O e

support
Avoids difficulty of LH storage

Requires surface mlﬁ’rng
- Base on lunar mlnlng technologles

~settlement |
-~ —wi.e. water for life support and shielding
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Other Chemical Processes

 Electrolysis of CO, in ioMuids
— Low TRL, low priority
)
— Good topic for academic R&D

. Electrocatalyl|c.reduot|on of CO,
CH, and O, | .
— Room temperature Iow voltage @@
— Also low TRL, but very promising
- = Eltron Research for JSC for ISS a ' lication

e




P

Chemical Processes - Membrane®
Separations

. ~ Calculated Measured Calculated Measured Calculated Measured
Permea mOdU|es have been - g- CO (slpm) CO (slpm)
tested by LMA. Pioneer - | Feed | 16825 | 16861 | 756 | 752 | 2114 ]| 2116 |

Astronautics ardEe . ------

0.013 0013 | 0013 | :
@-@@ 1.265 __- -

LY
J " sim-1 26058 @ L162 7189 E
i -

0.207 0.059 0.103 0.076
@ 30748 | 30555 | 7984 8.07

28 other candidate membrane: B I T T

materials evaluated e @@

Reject @-@

— Top 10 identified iy <5 I I e
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Microchannel reactors offer: \\

Microchanhnel Technologies

— Better temperature control of
the catalyst bed -

— Reduce temperature gradients

) and localized “hot Spots”
Prevent sintering of a packed
bed catalyst '

Large mass savings over the :
traditional packed bed reactor PNNL Microchanne

design, -'M | .
) Coolant

Penalty of mcreased preﬁsu flow
drop and increased probability of % .
complete catalyst deactivation. '

Potentially improved CO, absorption

for concentration

— Lower mass, volume, and power

i)

* .. Further development is justified Sk /

microchannels

'.‘ I‘

PNNL illustration of asection of microchannel
reactor.
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Recommendations

1. Mars Atmospheric.Gas Processing:- Select Sabatier (Methanatlon) Process for Fuel

Production - \\/
Research and Technology: .

* Lifetime of COTS catalyst
e Efficient thermal control
» Effect of pure €0, versus raw atmospheric gas on catalyst

) e Alternatives (for dissimilar redundancy): microchannel reactors (poison resistant/regen
electrolysis of COQ, combined electrolysis of CO, and H,0, improved SOE subsystems

Rationale:
® QGiven the recent robofcic misgion findings, significant water is available on thg
* - Water mining-Sabatier Process. provides oxygen:methane in a ratio approg
* This approach will reduce Earth: depart §) ass (no hydrogen logistics)

2. Mining Water? Contmueson%ﬁ’(cav n system and soil
development N
Research and Technology:

High temperature seals, valves, sensors/ in.’strumentation, gas pumps
Efficient thermal design =
Excavation systems: reliable, long life

, Dust tolerant mechanisms

& "Rationale:
e Martian water provides a better architecture for ISRU (i.e. eliminates Ear :5 upplled hydrogen logistics)

\\




< Nasa

3. Mars Atmospheric Gas Capture: Parallel Mental effort for CO, freezer
and mechanical compressmn

Research and Technology:
* High efficiency (freezer/compressor)
« Efficient thermal design (freezer)
 Long life (cryocooler-compressor)
. Imbrovements in microchannel absorbers and new approaches

Rationale: e

* The gas capture techmque*d "'nstrea of CO, reduction unit degiels on
technique employed to cagtureit_mosp&c co, i

'Redommendations

g g
4. Water Condenser: Engineering deS|gn to take place d
development effort
Research and Technology:

. None
Ratlonale
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5. Gas Separation: Parallel effort of cryogeni\c"bsadénsation and membrane
separation
Research and Technology:
* PEM-based membranes
e Efficient cryogenic-éystem (combine with cryocooler development above)
. Solublllty of gases in cryogenlc liquids
Rationale:

* Methane purity and a'tmosﬁleric gas capture selection will drive thg
separation (separation of CH,,_.;H2 or: N2 -Ar-H,-CH,,

: o

6. Water Cleanup: Contlnue i’egene?able water cleanup
Research and Technology: :
* Regenerable water cleanup to meet eIectronS|s grade -
Rationale:
+ * Clean water is required for electrolysis

'Redommendations




'Redommendations

JNAsA

7. Electrolyzer: Continue SBIR and collabora\ﬂbwm ELS and Power; encourage
industry development
Research and TechnoIogy
e Contaminant reS|stant electrolysis
‘azatlonale
. EIectronS|s isa common sub-system for various surface system elemen G

e Continue team coIIaboratlon and SBIR hardware.
; '0

8. Cryogenic Liquefaction and‘ioragtContmue collabora
Research and Technology: ~~™® :
e Zero boil-off storage ¥
* High efficiency and reliable cryocoolef
Rationale: :

'.'
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Conclusions

 Most of th'e technology needed 'for an
integrated Mars ISRU demonstration is at e~
high enough TRL il

 Further develo
efficient and h'
large-scale, fully
human mlssmﬁs
— Microchannel devices
- =Catalysts






