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Mars Environment

Atmospheric Percent
Constituents Abundance
Carbon Diexide 05.32
(CO,)
Nitregen (IN) 2.7
Argon (Ar) 1.6
Oxygen (0,) 0.13
Carbon 0.07
Monoexide (CO)
Water (H50) 0.03

(Owen, 1992)

AVErage temperature
fange; 186)— 266 K

m -8/°C--5°C
Avdl. pressure: 6 mbars
s Earth ~ 1013.25 mbars

Day: 24.66 hours

Surlace gravity:
3.69 my/s?

Surfiace density:
0.02 kg/m?
s Earth ~ 1.217 kg/m?

(Kieffer et al., 1992)



Plant Growth Reguirements

Vegetative Root Fruit Sprout
(leafi, lettuce) | (onion, carrot) (temato, (bean, alfalia)
PEPPET)
Light 250 - 275 275 - 400 300 -'400 0'- Ambient
(pmol/m=g)
Photoperiod 18 - 24 18 18 12 -18
(hr)
Temperature 22 - 28 15 - 25 20 - 28 20 - 28
(°C)
Humidity 50/ - 85 50 - 70 50 -75 ~ ()
(9%Rh)
Volume of: 15x15x15 cm 5x5x15 cm 30x30x30 cm 10x10x5 cm
Root Zone
Contamination Ethylene/ TBD Ethylene Ethylene
Control Gaseous
(Eckart, 1996)

Ammonia




Plant Growth Reguirements

Sunlightienters
thejleaf.

Equation;or
Photesynthesis

6C0O, + 6H50 + light —
C;H,0, + 60,
Need O5 during night
e DU carbohydrates
stored In thelr reots

s Minimum of 5 kPa for
nealthy: plant growth

(Wheeler et al., 1996)
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Environmental Parameters

MarsPort Design Parameters

Environment: Controls
a \Ventilation
s [lemperature Control
s Gas Compositien
s Relative Humidity.

Atmespheric Management
sl Separation/Stoerage off O;
s Restoring consumed CO;

s Conserving, restoring and
iecycling H50

emperature 10 = 30 °C
Relative o
Humidity 40 — 90%
€O, Partial £ A4Sy
Pressure
O, Partial 480
Pressure
Inert Gas _
Composition Optional
< 50ppb

Ethylene Gas

(at 100 kPa)




Atmosphere Separation T'echnolegies

Zeolites

minerals with: ability: to absoerb: different gasesibased onl the
crystalline structure of the mineral

changingl the size of spacing within structure will allow
different molecular'sizes| tosfit inside

Membrane

separate gases by allowingl certain: molecules| to pass more
fireely than others

molecules that are poelar (€0,) easier to separate

Distiliation

Cryogenic air separatedi basedlon boiling points

Processi Uses large amounts) off energy. to cool air to a liguid
State

Oxidation

ieacting erganic melecule and exygeni releases H>0 and COx
does net recover O, produced by photesynthesis

Freeze Out

CO;, frozen from atmosphere when In contact with surface
below its deposition temperature

does net accomplish; O separation due to the presence ofi a
buffer gasisuch as nitroegen




Trace Contaminant Control

Tlechnologies

Absorption

pass contaminated air overa bed off serbents| that filters the
ethylene (Petassium permanganate) (Atwater et. al, 1989)

~ 100 Ibs. of sorbent treats up to 100,000 ft* for up: to 3 mo.

Biofilters

microorganisms), found:in seils, remoeyve ethylene in small
CONCcentrations (Cowan, Tabwekar)

Freeze Out

reducing a dasi to a liguidiand passing It near a cold plate to
separate outi volatile:.compounds, contaminants; not destroyed

Ethylene liquefies at 169.4 K, €0; at 194.7 K = CO; would
also be frozem out (CRC Handbook of Chemistry and Physics, 73/ edition)

Oxidation

organic compounds broken down into 1,0, CO; andf N,
catalysts areravailable te accelerate oxidation’ process

0ZOne! isimost effiective catalyst, but can also cause
destruction of humani and plant tissues

110, absorbs light in UV spectrum, creates ionic potentials at
surface of the catalyst that oxidize contaminantsi at low temps.
(Baskaran et al., 1998)




Selection off Atmosphere; Control
Tlechnology.

Compressor

Zeolite

cannisters
RS R ST

Concentrator

Zeolites
a| By pressurizing the zeolite, the structure abserbs N5
and COx
s Once zeolite becomes satlrated, flow! Is switched to
dl SECONd Chamber

s O5 leaves concentrator in' pressurized state —
Injected into habitat or a storage module



Selection off TCC Tiechnology.

Oxidation using a Ti0, photocatalyst
Contaminated air Isipassed throtgiia Series
Of tltan|um OX|de p|ateS (Baskaraniet al., 1998)

s UV light applied te add energy: te: periorm
exidation

Alrberne pathegens are killed by the UV light

s Molds, fiungus, bacteria, Virlses, dust mites anad
SPOrES

s Hydrecarbon Gases are removed (ethylene gas)
» Most odors are removed (https//www. kesmist.com/tio2w.htm)
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