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SPACE 2011 Abstract 

Mars Atmospheric Capture and Gas Separation 

Anthony Muscatello, Edgardo Santiago-Maldonado, Tracy Gibson, Robert Devor, and James Captain 

The Mars atmospheric capture and gas separation project is selecting, developing, and demonstrating 
techniques to capture and purify Martian atmospheric gases for their utilization for the production of 
hydrocarbons, oxygen, and water in ISRU systems. Trace gases will be required to be separated from 
Martian atmospheric gases to provide pure C02 to processing elements. In addition, other Martian gases, 
such as nitrogen and argon, occur in concentrations high enough to be useful as buffer gas and should be 
captured as welL To achieve these goals, highly efficient gas separation processes will be required. These 
gas separation techniques are also required across various areas within the ISRU project to support 
various consumable production processes. The development of innovative gas separation techniques will 
evaluate the current state-of-the-art for the gas separation required, with the objective to demonstrate and 
develop light-weight, low-power methods for gas separation. Gas separation requirements include, but 
are not limited to the selective separation of: (1) methane and water from un-reacted carbon oxides (C02-
CO) and hydrogen typical of a Sabatier-type process, (2) carbon oxides and water from unreacted 
hydrogen from a Reverse Water-Gas Shift process, (3) carbon oxides from oxygen from a trash/waste 
processing reaction, and (4) helium from hydrogen or oxygen from a propellant scavenging process. 
Potential technologies for the separations include freezers, selective membranes, selective solvents, 
polymeric sorbents, zeolites, and new technologies. This paper and presentation will summarize the 
results of an extensive literature review and laboratory evaluations of candidate technologies for the 
capture and separation of C02 and other relevant gases. 

















r--------------------------------------------------------------------------- -

... 1000 •GI 900......
nI

800.c

~ 700
:E 600nI
GI

E 500...
GI 400ll..
GI 300c:
nI... 200.c
E

100GI
:::i!:

0
0 10 20 30



Calculated Measured Calculated Measured Calculated

Stream H2(slpm) H2 (slpm) C02 (slpml C02 (slpm) CO (slpm) COIslpml

Feed 16.825 16.861 7.56 7.522 2.114 2.116

Base Case Permeate 16.812 16.812 7.547 7.547 1.126 1.126

Reject 0.013 0.013 0.013 0.013 0.988 0.988.

Feed 26.265 25.333 7.265 8.126 un 1.864

Sim-l Permeate 26.058 26.205 7.162 7.189 0.64 0.65

Reject 0.207 0.059 0.103 0.076 1.153 1.144

Feed 30.748 30.555 7.984 8.07 1.537 1.644

Sim-2 Permeate 30.011 ~ 7.681 7.801 0.3831 0.541

Reject 0.737 0.267 0.303 0.184 1.154 0.996

Feed 29.552 29.428 8.605 li2l! 2.028 2.047

Sim-3 Permeate 29.324 29.463 8.486 8.523 0.723 0.834

Reject 0.228 0.09 0.119 0.082 ~ 1.194

.llilI ll.ill ll.Q22 Llm Ull !lll! ~

Sim-4 Permeate 25.515 25.563 6.987 6.96 0.753 0.747

JWm Mn ~ ~ QJ!Z§ .Lill 1J!ll
ills! 16.507 17.248 8.921 8.323 2.47 2.327

~ ~ ~ Th2 ~ J!.2Q2 lJ!ll ~

Reject 0.077 0.007 0.078 0.012 1.438 1.086

ills! 20.591 20.864 7.036 6.786 1.983 1.96

Sim-6 Permeate



R3 F F 0
Ie F" I /F II e

/ \ R2QA F-B-F pe R C-S-O
R_NyN_R G I J F/I F 3 II

1 3 F F a
R2

N R2 Tetrafluoro- MethanesulfonateI Halide Nitrate Hexafluoro-
R1 borate phosphate

Imidazolium Pyridinium Pyrrolidinium

_ a 0 0 a-0-" · II e \\ ........ ,II
R1 R1 ~ ;) W-O R-O-S-O S S
I I R1 II F3C"'" "0 dl 'CF3

R-P-R R- -R I a 0
4 I 2 4 I 2 .....5

R3 R3
R3 R2

Tosylate Alkylsulfate Bis(trifluoromethyl-
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I-n-butyl-3-methylimidazolium
[bmim]PF6 38.7 bar 53.4 bar 81.3 bar

hexafluorophosphate

I-n-butyl-2,3-
dimethylimidazolium [bmmim]PF6 47.3 bar 61.8 bar 88.5 bar
hexafluoro hos hate

I-n-butyl-3-methylimidazolium
[bmim]BF4 40.8 bar 56.5 bar 88.9 bar

tetrafluoroborate

I-n-butyl-2,3-
dimethylimidazolium [bmmim]BF4 45.7 bar 61.0 bar 92.2 bar
tetrafluoroborate

l-ethyl-3-methylimidazolium
[emim]TF2N 25.3 bar 35.6 bar 51.5 bar

bis(trifluoromethylsulfonyl)imide

l-ethyl-2,3-dimethylimidazolium
[emmim]TF2N 28.6 bar 39.6 bar 60.5 bar

bis(trifluoromethylsulfonyl)imide



IL Temperature (K) H (atm) COIN CO ICH4

[EMIM]BF 298 80 89 36
[EMIM]BF 313 100 38 20
[EMIM]dca 313 96 51 21
[EMIM]OTf 313 71 37 17
[EMIM]TfN 298 37 36 15
[EMIM]TfN 313 50 24 12
[BMIM]BF 298 56
[BMIM]BF 313 76
[BMIM]PF 313 61

[BMIM]TfN 298 33
[HMIM]TfN 298 34
[HMIM]TfN 313 42



TeC)

Support COz Hz COz/Hz COz Hz COz/Hz COz Hz COz/Hz
Selectivity Selectivity Selectivity

Biodyne® 1

Biodyne® 2

TeC)
Support COz COz/Hz COz COzlHz COz COz/Hz

Selectivity Selectivity Selectivity

Biodyne® 1 4.72 699 199 3.13 2.13
Biodyne® 2 4.18 1009 367 2.74 1.76

TeC) 300
Support COz Hz COz/Hz

Selectivity

BiodYlle® 1 1.44
Biodyne® 2 1.27
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