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The current State of Art (SOA) Environmental Control and Life Support System (ECLSS)
oxygen recovery system onboard the International Space Station (I1SS) is complex, heavy, and
power consuming system that recovers approximately 50% of the oxygen (O2) from metabolic
carbon dioxide (COz2). For future long-duration missions, Oz recovery systems will need to be
highly reliable, efficient, and recover maximum metabolic CO2. A minimum of 75% O:
recovery is required for future Oz recovery systems. Investigations into various technologies
to help meet these requirements for exploration are ongoing; however, most of these proposed
technologies ultimately result in a more complex system. A Macrofluidic Electrochemical
Reactor (MFECR) is one proposed technology development effort currently underway at
NASA Marshall Space Flight Center (MSFC) that has the potential to significantly reduce the
complexity of ECLSS O: recovery system. The MFECR operates at standard conditions,
giving it an advantage over other technologies being investigated, which require high
temperatures resulting in heavy reactors and high power consumption. The MFECR would
replace three pieces of hardware for future ECLSS architectures: the current Carbon Dioxide
Reduction Assembly (Sabatier reactor), the Plasma Pyrolysis Assembly (PPA), and the
Oxygen Generation Assembly (OGA). It is designed to interface directly with the Carbon
Dioxide Removal Assembly (CDRA) and the Water Processor Assembly (WPA). This allows
for a less complex system and higher reliability than the current SOA as well as reduced
power, weight and H20 consumption of ECLSS. Here, we will discuss the current technology
development efforts of the MFECR and how this technology may aide in the advancement of
future long-duration life support systems.
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Nomenclature

CzH; = Acetylene

CoHa = Ethylene

CDRA = Carbon Dioxide Removal Assembly
CH.4 = Methane

CoO = Carbon monoxide

CO; = Carbon dioxide

CRA = Carbon Dioxide Reduction Addembly
Cu = Copper

Cu0 = Copper Oxide

CuBr = Copper Bromide

ECLSS = Environmental Control and Life Support Systems
ISS = International Space Station

EORe = Electrolytic Oxygen Recovery

Fe = lron

GDE = Gas Dffusion Electrode

H.O = Water

IL = lonic Liquid

KOH = Potassium hydroxide

MFECR = Macrofluidic Electrochemical Reactor
MSFC = Marshall Space Flight Center

Ni = Nickel

0, = Oxygen

OER = Oxygen Evolution Reaction

OGA = Oxygen Generation Assembly

PPA = Plasma Pyroysis Assembly

Pt = Platinum

RT = Room Temperature

SEM = height

SOA = State of the Art

Ti = Titanium

UTA = University of Texas Arlingotn

WPA = Water Processing Assembly

I. Introduction

THE SOA ECLSS Carbon dioxide Reduction Assembly (CRA) is capable of recovering approximately 50% of

0O, from metabolic CO.. As shown in Equation 1, the CRA consists of a Sabatier reactor which takes in hydrogen
(H2) from the OGA and CO, from the CO, Removal Assembly (CDRA) and produces water (H20) and methane
(CH4.) The CHy4 is vented overboard, and the H2O is fed to the OGA to produce O and H; via H»O electrolysis
(Equation 2). The H is recycled back to the CRA and the O is released into the cabin for crew consumption.

Sabatier CO; + 4H; < 2H,0 + CH, 1)
Water Electrolysis 2H,0 — 2H, + O; (2)

For future long-duration missions, maximum O; recovery from metabolic CO- is desired. Different technologies that
can aid in meeting these requirements are currently being investigated.The current baseline exploration O, recovery
architecture, shown in Figure 1, encompasses the SOA O, recovery system onboard the ISS with the addition of the
PPA. The PPA uses a magnetron to generate an Ho/CHa plasma that converts the CH4 generated from Sabatier into
mainly H; and acetylene (C2H>) as shown in Equation 3. Although Sabatier/PPA technology is the current baseline
exploration O, recovery architecture, alternative approaches, such as the electrolytic reduction of CO,, may be more
desirable technology for future long-duration missions.

In 2016, NASA’s Game Changing Development Program awarded the University of Texas Arlington (UTA) a
contract to develop a Microfluidic Electrochemical Reactor (MFECR) that has the capability of recovering 73% of
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O, from metabolic CO,. This reactor was developed based on the electrochemical reduction of CO- to ethylene
(C2H4) using H20 as precursor (shown in Equation 4) and operates at ambient pressure and just above the freezing

point of H,0.

PPA
MFECR

The architecture of an Electrolytic
O, Recovery (EORe) system is
shown in Figure 3. The EORe
System  would reduce the
complexity of ECLS Systems
(ECLSS) by eliminating the
current CRA as well as the PPA
and OGA.The current CRA and
other technologies that are being
investigated (i.e. PPA and Bosch
technologies) operate at
extremely high  temperatures
resulting in heavy reactors and
higher ~ power  consumption
making the MFECR highly
attractive for future exploration
missions.

The MFECR’s design, shown
in Figure 2, consists of three
channels. The two gas channels
(anode and cathode) and the
electrolyte channel are separated
by a Gas Diffusion Electrode
(GDE). The GDE surfaces have
an electrodeposited layer of
nanocomposite particles that act
as electro-catalysts for the
reaction on the anode and
cathode. The electrolyte is a
potassium hydroxide (KOH) and
H>O mixture. During the process,
KOH is not consumed and
therefore does not have to be
replaced. However, H)O is
consumed during the process, as
illustrated in Equation 4, and
needs to be added from the WPA
to the KOH-H,O mixture to
replace the consumed water and
keep the KOH concentration. To
conduct the reactions, an
electrical potential is applied on
the cathode and the anode GDEs
;O and H,0 are produced on the
GDE’s anode as hydroxile ion
(OH-) generated at the GDE’s
cathode is oxided, CO; consumes
H20 on the GDE’s cathode and is

2CH4 <> 3H + CoHs (3)
2CO; + 2H,0 — C,Hs + 30, (4)

CRA converts CO2 to CH4 and H20 via
Sabatier reaction, thermocatalytic
process occurring at a high
temperature over a nickel catalyst

CDRA removes H,0 and CO, via
adsorption on zealite beds (swing bed
adsorption)

- PPA converts CH4 to H2, other
Charcoal bed, catalytic oxidation, and hydracarbons, and trace amounts of other

LiOH for trace contaminant removal.

€o,
Removal
Assembly
(CDRA)

Human Exhaust
(CO;, H,0, N,
0,, TC)

byproducts by means of plasma pyrolysis.
g Humidified Air
£ o H,0, N, O.
S { )

| °
L]
OGA converts H,0 to O, via
H;0 electrolysis

Figure 1. Current SOA Oz recovery onboard ISS with the addition of
PPA.

An electrolytic CKA would be composed of a
CDRA removes H,0 and CO, via Microfluidic Electrochemical Reactor
adsorption on zeolite beds (swing bed (MFECR) that would convert CO, to Oy,
adsorption). ethylene and other hydrocarbons uu:umng

Charcoal bed, catalytic oxidation, and
LIOH for trace contaminant removal.

co,
Removal

Assembly
(CDRA)

Human Exhaust
(CO,, H;0, Ny,
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Water
Figure 3. Oz recovery system for future long duration missions utilizing
electrolytic technology, which eliminates the need for OGA, Sabatier,
and PPA.
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Figure 2. Cross section of the initial design of a single cell MFECR.
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reduced generating CoH. and OH. During the process, O, and C,H4 are produced on opposite sides of the cell, which
allows for a gas separation process to be eliminated.

Based on the 2016 developmental efforts by UTA, current NASA collaborative efforts are underway to increase
the O recovery efficiency of the process to >50%, advance the technology readiness of the proposed technology to
Technology Readiness Level (TRL) 4, and mature the hardware system to process 1.0 kg/day of CO,. To achieve
these goals, the following improvement areas were identified as pivitol based on initial studies completed by UTA.
These improvement areas arediscussed in detail in the following sections: anode material development, cathode
catalyst development, and optimization of the cell design.

1. Cell Redesign Efforts

A. Alternative Anode Material Selection

Electrochemical conversion of CO; involves applying an electrical potential or current between the cathode and
the anode to drive the reactions. Hzand hydrocarbon products are produced in the cathode while O is produced in the
anode®®. Overcoming slow kinetics of the Oxygen Evolution Reaction (OER) in the anode requires metal electrodes
that exhibits high electrocatalytic activity and require low overpotential. In addition, the anode electrode should be
carbon-free to avoid CO; formation (commercially available GDEs are equipped with carbon-based GDL) and have
a long-term physical and chemical stability in the electrolyte. During initial MFECR development efforts, the anode
showed rapid degradation with time resulting in loss of mechanical strength and conductivity. This ultimately led to
leaking of the electrolyte into the O,-side gas channel and loss of current density. The development of an alternative
anode material is essential for the success of the electrochemical reactor.

Several catalysts such as iridium oxide (IrO2) and ruthenium oxide (RuO;) have been studied and are reported to
have a high catalytic activity®. Recently, hierarchically-structured metal electrodes such as Nickel-lron (NiFe) foam
and Nickel (Ni) foam electrodes have been reported to have even higher catalytic activity owing to their conductivity
and high surface area”®. In this study, several anode materials were evaluated and investigated as electrocatalyst to
optimize O production.

1. Experimental

Electrochemical experiments were performed using an open undivided three-electrode cell system using Gamry
Instruments Interface 5000E potentiostat/galvanostat. A large surface area platinum (Pt) mesh was used as counter
electrode. The reference electrode was Ag/AgCl (4M KCI). Working electrodes that were evaluated for OER were Ni
foam, NiFe foam, Ni wire mesh, Pt mesh, and platinized titanium (Ti). Metal electrodes were used as purchased. The
surface morphology of the electrodes was evaluated using Scanning Electron Microscopy (SEM) and light
microscopy.

Catalytic activity of the anodes was evaluated in aqueous solution 1M KOH electrolyte under argon (Ar) gas
blanket. Bulk electrolysis was performed at room-temperature (RT) and at 4°C for up to several days. To keep the
concentration of 1M KOH constant, the electrochemical cell was designed for flowing electrolyte. A 2-Liter stock
solution of 1M KOH was prepared and circulated through the electrochemical cell using a perlstaltlc pump. H20 is
added into the stock solution to |
replenish the H,O lost from
electrolysis. For a low-
temperature electrolysis, heat
exchanger/chiller was used to
keep the temperature of the
electrolyte and stock solution at
4°C.  The double  wall

electrochemical cell
experimental setup is shown in
Figure 4.

For the purpose of this
study and the engineering
figure of merit for the anode in o
our microfluidic cell, the Figure 4. Electrochemical test cell. (A) 1M KOH stock solution chiller system,
calculation of the surface the (B) tubing for circulating 1M KOH, (C) Pt mesh Cathode, (D) Ag/AgCl
electrode is simplified to its reference electrode, (E) Ni foam anode.
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cross sectional area. Table 1 gives the cross sectional area for the anodes used in this study. Figure 5 SEM or optical
micrographs of the morphologies of Platinized Ti Screen, Ni Wire Mesh, Ni-Fe Foam, and Ni Foam respectively.

Table 1. Dimensions and surface area of the cross-section of the anodes that were used as catalyst for the
OER measurements.

Dimensions (cm) Surface
Electrode Length Width Area (cm?)
Pt mesh 2.27 1.12 2.53
Platinized titanium
replicate 1 0.96 0.94 0.90
Platlnlze:d titanium 1.39 159 299
replicate 2
Ni wire mesh 1.42 3.83 5.45
NiFe foam 0.94 1.47 1.38
Ni foam
(RT) 1.23 1.47 1.80
Ni Foam
(4°C replicate 1) 109 163 L
Ni Foam 114 1.27 1.45

(4°C replicate 2)

. . ; Y
3 ) S g~ ek

Figure 5. Micrograph using an SEM image of (A) 0.01-inch thick Platinized Ti Screen, (B) 80x80 Ni wire
mesh, (C) 2mm thick Ni-Fe foam with atomic ratio of 3:1. (D) Micrograph of 1.4 mm thick Ni foam using
light microscopy.

2. Results and Discussion

Electrocatalytic activity and stability of the anode electrodes were evaluated using chronoamperometry. The
current density of the electrodes were measured as a function of time. Chronoamperometric measurements of OER at
the anode were performed using 1M KOH at an applied potential of 3V vs Ag/AgCl. Bulk electrolysis was conducted
at RT for up to several days. OER activity and stability of the Ni foam were also evaluated at lower temperature, 4°C,
which may be more optimum for the MFECR application.

NiFe foam gave better current density than the platinum mesh electrode. However, the current density decreases
over time and the electrolyte slowly changed from a clear solution to yellowish in color. This suggests that some iron
(Fe) could be dissolved and introduced into the electrolyte. Platinized Ti showed poor stability and OER performance,
due to the loss of catalytic activity over time. This may suggest that the passivation from the Pt coating was not
complete.

The anodic chronoamperometric scans on the electrodes are summarized on Figure 6. The Ni foam anode gave the
best catalytic performance among the electrodes that were evaluated at RT, since it gave the highest current density.
Ni did not dissolve and the anodes were mechanically stable. The absence of dissolved Ni ions in the electrolyte was
confirmed by elemental analysis using Inductively Coupled Plasma-Mass Spectrometry (ICP-MS). The catalytic
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performance of the Ni foam electrode may be attributed to its high surface area and porous structure which is found
to be effective in dissipating O, bubbles®. The optical micrograph of Ni foam electrode is shown in Figure 5. The OER
activity and stability of the Ni foam anode evaluated at lower temperature, 4°C is given in Figure 7. The temperature

stability is given in Figure 8. The current density at 4°C was significantly lower but it remained stable over 3 days of
electrolysis.

Chronoamperometry Scan
1200

1000 ——Pt mesh

’\ e e

—— Platinized titanium (replicate 2)

o0
(=3
=1

NiFe foam
~——Ni wire mesh
\ ——Ni foam (room-temperature)

—Ni foam (~4 C replicate 1)

.A
——Ni foam (~4 C replicate 2)
200 f_|
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Figure 6. Chronoamperometric measurements of OER at various anodes: Ni wire mesh (blue), platinized
Ti (red and orange), and NiFe foam (yellow), Ni foam (purple, brown and black), and Pt mesh (green).
OER tests were evaluated using 1M KOH at RT and at 4°C.
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Figure 7. Chronoamperometric measurements of OER at best performing Ni Foam anode using 1M
KOH at room temperature and 4°C.
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Figure 8. (Top) OER at Ni in 1M KOH, (Bottom) correspondina temperature of 1M KOH durinag OER.

B. Alternative Electrolyte Solution Selection

The choice for the electrolyte in the electroreduction of CO; is important to optimize the production of O,. The
baseline electrolyte for the MFECR system is 1M KOH. KOH provides good conductivity, optimum pH, while
providing good materials compatibility for the selected electrodes. However, KOH poses a spill and corrosion hazard
in a spacecraft environment and may not be an optimum absorber for CO; gas.

There has been a rising interest on the use of ionic liquid (IL) as an electrolyte for CO; capture and electrochemical
processing.® ILs are organic salts that are composed entirely of ions and exist as liquid below 100°C. They have high
thermal stability and negligible vapor pressure. ILs are tunable and can be designed to be task-specific for
chemisorption or physisorption of CO2 gas. Some ILs have high affinity and solubility for CO,. These unique
properties of IL make it an attractive alternative for the baseline alkaline KOH solution. In this study, preliminary
investigations on the use of IL as electrolyte for MFECR were conducted.

1. Experimental

The ILs evaluated along with their solubility and electrode materials compatibility are listed in Table 1.
[EMIM][CF3Pyra], [Pass14][CNPyrr], and [DABCO][CF3Pyra] were synthesized in-house. [BuMePyrr][DCA] was
used as purchased from Sigma Aldrich. The rest of the ILs listed in Table 1 were purchased from lo-Li-Tec without
further treatments. The ILs were evaluated based on its solubility in H.O, compatibility with Ni and copper (Cu) metal
electrodes, and current efficiency in OER. The catalytic activity of the Ni foam anode in the IL electrolyte is compared
to that of the baseline electrolyte, 1M KOH solution.

Electrochemical experiments were performed using an open undivided three-electrode cell system using Gamry
Instruments Interface 5000E potentiostat/galvanostat. The counter electrode was a large surface area Cu foam cathode
and the reference electrode was Ag/AgCI (4M KCI). Ni foam anode was used as the working electrode. The current
efficiency of these electrolytes were evaluated by bulk electrolysis using Cu foam cathode and Ni foam anode. CO-
gas is constantly bubbling through the solution during the duration of the electrolysis. The surface area of the anode
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was simplified and calculated based on the cross-section of the electrode. Chronoamperometric measurements of the
OER were performed at RT using an applied potential of 2.0V vs Ag/AgCI.

CO; gas is constantly bubbling through the solution during the duration of the electrolysis. The surface area of the
anode was simplified and calculated based on the cross-section of the electrode. Chronoamperometric measurements
of the OER were performed at RT using an applied potential of 2.0V vs Ag/AgCI.

Table 1. IL electrolytes that were evaluated for solubility in H2O and compatibility with Ni and Cu electrodes

1-Buty|-3-m:;2t3/;t:midazolium [BMIm][OAC] soluble scﬁﬁ?i%tﬁdt:\rlr?ehd%lte Compatible
1—ethyl-3-rnt$it23§2midazolium [EMIM][TFO] soluble Solutiogrt:errr]led pale Compatible
1-Buty|-3-mterE?I);Itéimidazolium [BMIm][TFO] soluble Compatible Compatible
LBuyl-L-methyipyrrolidinium [BuMePyr][TFO] soluble Compatible Compatible
Lethyl'i?}iﬁzz:gfﬂmium [EMIm][Ethylsulfate] soluble Solutiogrt:er:ed pale Compatible
Solution turned green
1-Buty|-1é$§g;])glr?1)i/ggolidinium [BuMePyrr][DCA] soluble and ggzglr(vrége?ri]ptirtlzte Is Compatible
solution
e | )| o
blls?tﬂ%ljosrnT;tr?gllsdmiayzlg)umge [BMIm][TFSI] not soluble
pisuifiuormethytutfonyimice. | (BUMEPYIIITFSI] | notsouble
iuoromethyl-pyrazolide .| [EMIMIICFPyral | not soluble
Tribu%;?f:i%??{éﬁ’%?;?%?:um 2- [P44a14] [CNPyrr] not soluble
14tg;?§§?c;(r;r)1/§tlr?§|2pzyf]a(z)gtl?gg 3 [DABCO][CF3Pyra] not soluble

2. Results and Discussion

The reaction mechanism for the electrochemical reduction of CO, requires H,O as precursor of H, for the
production of C;H4 in the cathode. Thus, the IL has to be soluble in H,O. The ILs, [EMIm][OAc], [BMIm][OACc],
[EMIM][TFO], [BMImM][TFO], [BuMePyrr][TFQO], [EMIm][Ethylsulfate], [BuMePyrr][DCA] were H,O soluble and
further tested for compatibility with Cu and Ni metal electrodes. Of the ILs evaluated in this study, [BMIm][TFO] and
[BuMePyrr][TFO] met the criteria needed for the MFECR as shown above in Table 1.

Bulk electrolysis and chronoamperometric evaluations of the OER at the Ni foam anode on the 1M aqueous
solution of [BuMePyrr][TFO] and 1M KOH aqueous solution were performed. Comparison on the anodic current
density between the two electrolytes are shown in Figure 9. The current density for oxygen production is higher in the
KOH than in the [BuMePyrr][TFQO].

Of the twelve ILs investigated as an alternative electrolyte for MFECR, two were found to be soluble in H,O and
compatible with Ni and Cu electrode materials. The IL [BuMePyrr][TFO] was evaluated and compared against the
baseline electrolyte, 1M KOH. [BuMePyrr][TFO] was determined to be a candidate alternate electrolyte for the
MFECR process, but the OER activity of Ni foam anode in KOH is still superior to [BuMePyrr][TFO]. However,
[BuMePyrr][TFQO] can be tested in the MFECR apparatus for CO, absorbtion and overall system efficiency.
Additional testing of the other compatible candidate, [BMIm][TFO], is planned. Additional efforts to continue the
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search and evaluation of alternative electrolytes for an optimum alternative electrolyte for the electroreduction of CO,
will be made.

Chronoamperometry Scan on the Anode

200

180 — IM KOH (aq)

160 — 1M [BuMePyrr][TFO) (aq)

80

Current Density (mA cm-2)

60

40

20

Time (h)

Figure 9. Chronoamperometric measurements of OER at a Ni foam anode using 1M KOH and 1M
[BuMePyrr][TFQ] as electrolyte.

C. Cathode Catalyst Optimization

Traditional metal electrodes for CO; electrochemical reduction have problems with CO, conversion to CO instead
of conversion to useful hydrocarbons, as well as issues with rapid decrease in CO- reduction within tens of minutes
during electrolysis. During initial MFECR development efforts, UTA developed a cathode composed of
electrodeposited copper oxide (Cu.0) — copper bromide (CuBr) films on the GDL side of the GDE, as shown in Figure

e

- & & PR % 0
Figure 10. Representative SEM images of hybrid Cu2O-CuBr films electrodeposited on GDL 35BC, whose
unique morphology is shown to be the key to effectiveness of the technology

10, which enhances CO: conversion to mainly

CoHs and generates H, during the process.*

Current efforts are focused on further development

of the advanced cathode catalyst due to the

observance of a shift in selectivity towards

hydrocarbons due to the compositional changes in
the cathode electro-catalyst with time.

Although the electrochemical deposition
method for producing the cathode catalyst on
GDL, little effort was focused on optimizing larger
diameter GDLs that are needed for larger scale
testing. A new deposition reactor, shown in Figure

11, was developed at UTA for larger GDLs that i 11 Th denosii i — ::‘%':AI (‘j"‘ irring of :
includes stirring of the electrolyte and horizontal igure L1. The new deposition reactor includes stirring o

orientation in an effort to make the deposition the elec_trolyte and h_o_rlzontal orientation to make a
universal deposition layer across the GDL.
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layer uniform across the GDL. A conductive backing that contacts the back of the GDL was used to create a more
uniform current distribution.

1. Experimental

The cathode GDL that was fabricated in the new deposition reactor was tested in a single cell microreactor. The
Computer Aided Design (CAD) model and 3D printed reactor test setup is shown in Figure 12. The fabricated
cathode in the new deposition reactor and high purity Ni foam was used as the anode during testing. The electrolyte
was 1 M KOH at 10-15 °C with flow rate of 10 mL/min. CO; gas was continuously flowing at 5 mL/min through
the back of GDL supporting electrode which was covered by the Cu20-CuBr. A voltage of -4V was applied to the
cell and a gas chromatography (GC) instrument was used to analyze the composition of product formation .on the
outlet at the back of the cathode GDL.

Figure 12. (A) CAD model of the microreactor. (B)-SD printed

2. Results and Discussion

The results of testing are shown in Figure 13. During ten hours of CO; electroreduction, the GC detected C;Ha,
H2, and CH4 in the gas products. However, there is an observance of decreasing current and increasing H, formation
as time progresses. This current decrease is sensing changes at the cathode and/or anode surface where the surface
becomes less accessible to CO, molecules.
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Figure 13. Current/time profiles at -4V for Cu20-CuBr film on GDL in microreactor.
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D. Optimization of Cell Design

In order to increase the conversion rate of the MFECR, further optimization of the cell design was investigated.
During initial development efforts, the original serpentine design during small scale testing showed great promise with
a 54% metabolic CO; conversion rate. Efforts to scale the design ultimately led to a design modification, shown in

Figure 14, due to manufacturing issues with the designs
thin channel walls. Current efforts were made to
fabricate the serpentine design using alternative
machining capabilities, such as laser cutting. The
successful fabrication of a serpentine electrolde is
shown in Figure 15. Alternative materials, shown in
Table 2, were chosen to be investigated in order to
optimize the MFECR. Various thicknesses and each
material will be investigated to determine optimal
performance with the goal, if possible, to minimize
weight and volume of the cell stack. The original
endplates of the cell design were composed of stainless
steel plates, which are conductive. The non-conductive
properties of polyester and polycarbonate will result in
lower potential loss. However, the key here is stiffness.
Non-metallics are not as stiff as metals, which result in
thicker endplates. For the current distributor, nickel
alloy and cobalt-infused (POCO) graphite will be
investigated instead of pure graphite to avoid
degradation due to oxidation. The non-
conductive/corrosive properties of Teflon instead of
graphite was chosen to avoid degradation due to
oxidation and loss of potential. The fully assembled
MFECR, shown in Figure 16, will be installed into the
test stand and evauated once fabrication of the test stand
is complete.

Additional efforts are being made to optimize
design and operation of the MFECR with the
development of a comprehensive 3D multi-physics
model. The test stand will provide all the
instrumentation and sensors required to fully validate
the model. The MFECR 3D multi-physics model effort
is detail in “Modeling Electrolytic Conversion of
Metabolic CO2 and Optimizing a Microfluidic
Electrochemical Reactor for Advanced Closed Loop

Life Support Systems™.°

Fi
se

A B.

gure 14. Design modification made from the original
rpentine design (A) to the wider channel design (B).

Figure 15. Successful fabrication via laser jet of an
electrode.

Figure 16. Fully assembled MFECR.

Table 2. Alternative material selections of components for optimization of the MFECR.

International Conference on Environmental Systems

MFECR Component Original Design Material Selection Redesign Material Selection
Endplate Stainless Steel Polyester
Polycarbonate
— . Nickel Alloy
Current Distributor Graphite POCO Graphite
Electrolyte Wall Graphite Teflon
11



I1l. Conclusion

The development of a MFECR that has the capability of recovering 73% of O, from metabolic CO, at ambient
conditions is currently under development. Optimizations of the original MFECR design include the development of
an alternative anode material due to rapid degradation with time resulting in loss of mechanical strength and
conductivity. Several anode materials were investigated, and based on the results, Ni foam was chosen as the anode
material of choice. Alternative electrolyte solutions have been investigated due to the corrosive properties of KOH.
Several IL electrolytes were investigated, and although some ILs look promising, none have been selected as a feasible
alternative to KOH. The cathode catalyst advancement is an ongoing effort to maximize C;H, production and
minimize H; production during the process. Alternative materials have been chosen for the MFECR design and will
be tested in the near future at MSFC to determine optimal material selection for the final MFECR design.
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