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Abstract This is a study of the chronoamperometric perfor-
mance of the electrochemical oxidation of ammonia in an
alkaline fuel cell for space applications. Under microgravity
the performance of a fuel cell is diminished by the absence
of buoyancy since nitrogen gas is produced. The follow-
ing catalysts were studied: platinum nanocubes of ca. 10nm,
platinum nanocubes on carbon Vulcan™ and platinum on
carbon nanoonion support of ca. 10nm. These nanomaterials
were studied in order to search for catalysts that may reduce
or counter the loss of ammonia oxidation current densities
performance under microgravity conditions. Chronoamper-
ometries at potential values ranging from 0.2 V to 1.2V
vs. cathode potential (breathing Air/300ml/min/82737 Pa)
in 1.0 M NH4OH (30ml/min in anode) were done during
over 30 parabolas in NASA’s C9 airplane The Weightless
Wonder in January 2016 from Ellington Field Houston. The
current densities at 15s in the chronoamperometry experi-
ments showed diminishing values under microgravity and in
some cases improvements of up to 92%, for Pt-carbon
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nanoonions, and over 70% for the three catalysts ver-
sus ground at potentials ranging from 0.2 to 0.4V after
5 minutes of chronoamperometric conditions. At higher
potentials, 1.0V or higher, Pt nanocubes and Pt-carbon
nanoonions showed enhancements of up to 32% and 24%,
respectively. At these higher potentials we will have a
contribution of oxygen evolution. The changes in current
behavior are attributed to the sizes of the catalyst materials
and the time needed for the N2 bubbles detachment from the
Pt surface under microgravity conditions.

Keywords Ammonia oxidation · Bubble · Platinum
nanoparticles · Microgravity · Carbon nanoonions

Introduction

Fuel cells have been previously researched for various appli-
cations: proton electrode membrane fuel cells (Radenahmad
et al. 2016), microbial fuel cells (de Vet and Rutgers 2007;
Kannan and Kumar 2016), and alkaline fuel cells (Bayer
et al. 2016) and have been used successfully in space appli-
cations since the Apollo missions (Warshay and Prokopius
1989). Hydrogen and methanol are commonly used in fuel
cells.

Ammonia for fuel cells is cheap, its output produces
water and nitrogen (clean fuel) and it is manufactured and
stored on an industrial scale (Radenahmad et al. 2016;
Erisman et al. 2008; Afif et al. 2016). Ammonia fuel cells
have been proposed in a two-step process where the ammo-
nia first is cracked into hydrogen and then used in a fuel cell
(Cheddie 2012).

However, ammonia can be used as a fuel in a direct
ammonia alkaline fuel cells, without the cracking step. The
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most accepted mechanism for the oxidation of ammonia was
presented by Gerischer and Mauerer (1970):

NH3(aq) →NH3,ads (1)

NH3,ads+OH− →NH2,ads+H2O+e− (2)

NH2,ads+OH− →NHads+H2O+e− (3)
NHx,ads+NHy,ads →N2Hx+y,ads (4)

N2Hx+y,ads+(x+y)OH− →N2+(x+y)H2O+(x+y)e− (5)

NHads+OH−→Nads+H2O+e− (6)

As it can be seen in the mechanism, the electrochem-
ical oxidation of ammonia produces nitrogen gas. On the
ground, nitrogen gas floats away because of the buoy-
ancy of the gas leaving a clean platinum catalyst surface
making of the platinum surface available to oxidize more
ammonia. In the case of the electrochemical oxidation of
ammonia under the influence of microgravity, the nitrogen
gas produced near the surface of the catalyst stays in the
vicinity due to the lack of buoyancy. This was demonstrated
by cyclic voltammetry under microgravity conditions by
Nicolau et al. (2012), showing a decrease in the ammonia
oxidation peak current.

Previous experiments in microgravity have studied the
formation of bubbles. Bitlloch et al. (2015) performed an
analysis of bubble dispersion in turbulent jets based on
data from drop tower experiments (Bitlloch et al. 2015).
Sonoyama studied the formation of methane from CCl2F2

at a Cu modified gas diffusion electrode (Sonoyama 2007).
Under the microgravity, the current efficiency for methane
formation (the final product) increased. Thompson et al.
studied their formation in a microgravity drop tower observ-
ing that in the absence of gravity surface tension is a driving
force for the bubble detachment (Thompson et al. 1980). In
addition, Kaneko et al. showed a decrease of current den-
sity with the formation of bubbles in microgravity (Kaneko
et al. 1993). Herman et al. studied the effects of an elec-
trical field on the formation of bubbles on microgravity,
showing that at higher electrical fields better detachment of
the bubbles is obtained (Herman et al. 2002). Carrera et al.
studied the detachment of bubbles from a plate orifice and
a tube orifice, showing that the plate orifice, having more
area, the bubbles anchor to the surrounding surface making
the detachment more difficult (Carrera et al. 2006). Buye-
vich and Webbon performed a theoretical study on bubble
formation under microgravity finding that differences in the
injector geometry could increase the bubble detachment vol-
ume due to conditions of incomplete wetting because of
broadening of the bubble base (Buyevich and Webbon 1996,
1997). Balasubramaniam observed that the migration of a
bubble under microgravity is due to a thermal gradient on
the system (Balasubramaniam et al. 1996).

The formation of H2 and N2 formation of bubbles in
ground forces has been studied at Pt ultramicro- and nano-
electrodes (Fernandez et al. 2014; Chen et al. 2014; Yang
et al. 2015; Chen et al. 2015). They studied the formation
of electrochemically generated H2 and N2 bubbles and sub-
sequent detachment. The bubble detachment from the Pt
electrode surface takes ca. 1-2s. Here we found that changes
in ammonia oxidation currents changed after ca. 5-10 sec-
onds under most of the Pt catalyst materials studies under
microgravity.

The objective of the experiment is to compare the ammo-
nia oxidation capabilities of three different catalysts in
microgravity and on the ground (see Fig. 1). The platinum
nanocubes by design have a preferential crystalline (100)
sites which has shown better performance than (100) and
(111) sites, oxidizing ammonia. (ref de Roberto). By using
nanocubes on a carbon support (Vulcan XC-72™) we want
to observe how the performance of the nanocubes change
compared to the pure nanocatalyst. It is expected that dis-
persing the nanocubes would improve its current density.
The surface area available of the pure platinum nanocubes is
reduced, when platinum nanocubes in the vicinity occlude
each other when they agglomerate. Also the performance of
the pure platinum nanocubes and the nanocubes in Vulcan™
will be compared with platinum on carbon nanooinions.
Carbon nanoonions have a higher surface area compared to
Vulcan™, >984.3 m2/g for carbon nanooinions (Echegoyen
et al. 2010) vs. 262 m2/g for carbon Vulcan™. (Sigma Aldrich)

Experimental Methods

Catalysts

Catalysts were synthesized in the laboratory. In particular,
platinum nanocubes were synthesized by the water in oil
emulsion method presented by Martinez-Rodriguez et al.
(2014a, b) (see Fig. 2). 11 g of Brij30 and 2.1 mL of chloro-
platinic acid 0.1M were added to 38.29 g of n-heptane
in a container and the mixture was well mixed. Brij30 is
a nonionic surfactant used to disperse the chloroplatinic
acid particles by steric stabilization. This step was fol-
lowed by the addition of 0.079g of sodium borohydride to
reduce the dispersed platinum precursor. The reaction took
place for 20 minutes. After it was finished, acetone was
added to induce the precipitation of the platinum nanocubes.
Once precipitated the particles were rinsed with acetone,
methanol and nanopure water. Cubic particles formation
was induced by adding HCl during the reduction process
(Martinez-Rodriguez et al. 2014a).

The method for making the platinum supported on
Vulcan™ nanoparticles is as follows: platinum nanoparti-
cles were reduced with sodium borohydride by the method
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Fig. 1 Schematic representation of the three different nanomateri-
als used: Pt nanocubes, Pt nanocubes on Vulcan™ carbon and Pt
nanoparticles on carbon nanoonions

previously explained, then added 39 mL of a solution of 5
mg/L of Vulcan™ in n-Heptane, to make a catalyst with a
Pt/Vulcan™ ratio of 20:80. The solution was mixed for 30
minutes.

The platinum loading of the Pt in Vulcan™ catalysts was
20% Pt as determined by thermogravimetric analysis.

Platinum on carbon nano-onions were synthesized by
the Rotating Disk Slurry Electrode (RoDSE) method pre-
sented by Santiago et al. (2012) (see Fig. 2b). Briefly, 50
mg of carbon nanoonions, produced from nanodiamond
powder, were dissolved in 50 mL of 0.1 M sulphuric acid
0.1M and placed in the RoDSE electrochemical cell. A
voltage of −0.2V vs. Ag/AgCl was applied to the glassy
carbon rotating disk electrode while placed in the slurry
solution. The rotating speed used was 900 rpm. While
the potential was applied for 16 hours, 2 mL of 5 mM
potassium hexachloroplatinate were added every two hours
to the RoDSE electrochemical cell containing the carbon
nanoonions in a slurry suspension. The produced platinum-
carbon nanoonions catalyst slurry solution was vacuum
filtered and dried in an oven at 60 °C for 12 hours. The
platinum loading of the platinum on carbon nano-onion
catalysts was 13% Pt as determined by thermogravimetric
analysis.

Catalysts Ink Preparation

The following quantities were used for each catalyst ink
preparation:

a. Pt nanocubes-5 mg of platinum nanocubes, 59 μL of
FAA-3 liquid ionomer, 250 μL of dimethylformamide

b. Pt nanocubes-carbon Vulcan™- 25 mg, 59 μL of FAA-
3 liquid ionomer, 750 μL of dimethylformamide

c. Pt carbon nanoonions-25 mg, 59 μL of FAA-3 liquid
ionomer, 750 μL of dimethylformamide

d. Pt black-5 mg, 59 μL of FAA-3 liquid ionomer, 250 μL
of dimethylformamide

To prepare the ink for each catalyst, 59 μL of FAA-3
liquid ionomer and 250 μL of dimethylformamide were dis-
pensed into each vial containing the synthesized catalyst
powders. The ink was homogenized in an ultrasonic bath for

2 hours. The catalyst ink was painted over the gas diffusion
layer (GDL) on a hot plate at 60°C.

Membrane Electrode Assembly (MEA)

The Membrane Electrode Assembly (MEA) is the unit of
the fuel cell that performs the electrochemical transfor-
mation of the fuel into electrical current. It consists of
a Fumion ™FAA-3 PK-130 anion exchange membrane
(Fumatech); on each side of the membrane there is a cat-
alyst adhered to the membrane and an ELAT™LT1400W
gas diffusion layer (Nuvant) over the catalyst. The micro-
porous gas diffusion layer permits the evenly distribution
of the fuel over the catalyst, the catalyst takes part into
the oxidation and reduction reactions by lowering the acti-
vation energy for the reactions, and the proton conduction
membrane transport the H+ protons from the anode side
to the cathode side. On the cathode side all MEAs had 1
mg/cm2 of platinum black. The anode side carried three dif-
ferent catalysts: platinum nanocubes, platinum nanocubes
on Vulcan™ support and platinum on carbon nanoonions
support. The MEA is constructed by assembling one cata-
lysts containing GDL against each side of the membrane.
Care is taken to identify the anode side from the cathode
side.

Fuel Cell

The experiment consists of a fuel cell with a 5 cm2 active
area (see Figs. 3 and 4). The fuel cell anode was fed with
an ammonium hydroxide solution (1.0 M or 0.1 M) on a
closed loop connected to a peristaltic pump at 30 ml/min.
The cathode side was connected to a breathing air tank on
the inlet and the outlet was connected to the exhaust system
of the plane at 300 mL/min at 82737 Pa (Fig. 5).

Parabolic Flight

The microgravity experiments were performed aboard
NASA’s McDonnell Douglas C9 Skytrain II plane “The
Weightless Wonder”. The plane took off from Ellington
Field Houston to perform a flight campaign in January 2016.
The microgravity achieved by the parabolic maneuver was
0.02g for periods lasting 30 seconds.

Experiment Box

The experiment box was a modification of the box used
by Nicolau et al. (2012). The box is a triple containment
system made of Makrolon® designed and constructed for
closed loop, self-contained experiments and it was modi-
fied to adapt an inlet hose from an external air tank and
an outlet for the experiment exhaust to be connected to the



Microgravity Sci. Technol.

2 nm

a b c

Fig. 2 Transmission electron microscopy of (a) Pt nanocubes, scale: 100 nm (Martinez-Rodriguez et al. 2014b), (b) Pt nanocubes on carbon
Vulcan™, scale: 50 nm, and (c) Pt-carbon nanoonions, scale 2 nm, (Santiago et al. 2012)

plane exhaust system. The experiment box was bolted to the
airplane floor.

Electronics Rack

The fuel cell was connected to a Biologic SP-50 potentio-
stat and a computer installed inside a rack system made with
80/20™ brand of structural framing system. The rack reside
near the experiment box. The reference and counter elec-
trode connections were on the cathode side of the fuel cell
and the working electrode was connected to the anode.

Results and Discussion

The first experiment done with the fuel cell was to observe
the current produced with respect to time at an applied
potential to the anode vs. the cathode. The catalytic mate-
rial used in the anode and the cathode of the fuel cell was
a commercial product (1mg/cm2 of unsupported 100% Pt
Black, Sigma Aldrich). Figure 6 shows a transient repre-
sentation of the current versus time for a fuel cell under an
applied voltage of 0.45 V. The current was recorded for 10
parabolas during the microgravity and hypergravity period.
It can be observed a decrease in current when the airplane

Fig. 3 Exploded side view of the direct ammonia alkaline fuel cell

change from hypergravity (410 μA at 1.7 g) to micrograv-
ity (370 μA at 0.02 g). This data validates the observations
made in electrochemical half cells by Nicolau et al. (2012);
there is an impairment of performance probably caused by
the stagnant nitrogen gas, product of the oxidation of ammo-
nia. On each cycle gravity changes from microgravity to
normal gravity and then to hypergravity again. The current
decrease phenomena are reversed when the plane returns to
hypergravity, regaining the anode current production when
the nitrogen gas floats away from the surface of the catalysts
(Fig. 6).

Chronoamperometry with Platinum Nanocubes

The catalyst used in this experiment was pure platinum
nanocubes produced in the laboratory. Platinum nanocubes
are 10 nm in size and have crystalline (100) (110) and (111)
sites. Figure 7s show chronoamperometric tests measuring
the current produced by the fuel cell at different applied
voltages (0.2 V, 0.4V, 0.6 V, 0.8V, 1.0V, and 1.2V vs. cath-
ode). The anode had 0.1 M ammonia at 30 mL/min and on
the cathode air at 300 mL/min. At 0.2 V and 0.6V, the cur-
rent produced in microgravity is lower than that on ground
conditions. On the other hand, the chronoamperometries at
0.4V show a very slight improvement of performance for
the microgravity compared to the ground experiment up to a
point where they stabilize over time giving the same perfor-
mance as the ground case. This equalization of microgravity
and ground performance occurs in the region of the graph
where the concentration of ammonia in proximity to the
electrode surface is depleted and then ammonia from the
bulk solution diffuses toward the electrode. The current pro-
duced is a function of the concentration of ammonia, the
concentration present is dependent on the diffusion mass
transfer of ammonia from the bulk of the solution to the
surface of the electrode. At 0.8V and 1.0V the perfor-
mance at microgravity is better than that on the ground.
Finally, at 1.2V the current performance on microgravity
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Fig. 4 Three side view of the
fuel cell

Top view

Front view Side view

Air Inlet

Ammonia Inlet Ammonia Outlet

Air Outlet
Membrane Electrode Assembly

is better during the period where the ammonia concentra-
tion near the electrode is not depleted, but once it enters
the zone controlled by diffusion the performance decays
and becomes lower than the ground counterpart. At this lat-
ter potential Nads(adsorbed Nitrogen)is being formed which
strongly adsorbs on platinum active sites, thus inactivat-
ing part of the platinum and reducing the catalyst activity
in addition to the effect caused by the loss of buoyancy in
microgravity.

Chronoamperometry with Platinum Nanocubes
on Carbon Vulcan™

The catalyst material are the same platinum nanocubes
used in the previous experiment dispersed on a carbon
support with high surface area (Vulcan XC72™). The plat-
inum nanocubes are 20% by weight of the catalyst. The
nanocubes were deposited on the Vulcan™ by mixing
the nanocubes and the Vulcan™ in acid. Figure 8 shows
the chronoamperometric response of the fuel cell using

platinum nanocubes supported on carbon Vulcan™ as anode
at different applied potentials (0.2 V, 0.4V, 0.6 V, 0.8V, 1.0V
and 1.2V). The anode is fed with 0.1 M ammonia solution
at 30mL/min and the cathode with air at 300 mL/min.

At 0.2 V and 0.4V, the current produced in microgravity
is significantly lower than that recorded on ground, while at
0.6 V and 0.8V, currents obtained in both conditions are very
similar during the first 9 seconds of the experiments. After
this time the microgravity current is slightly higher. On the
contrary, for 1.0 V after this time the microgravity current
becomes slightly lower than that on the ground. Finally,
at 1.2V the microgravity current is lower than the current
on the ground. Again, after 9 seconds is when the ammo-
nia near the electrode is depleted and the current becomes
diffusion controlled. The current produced is a function of
the concentration of ammonia, the concentration present is
dependent on the diffusion mass transfer of ammonia from
the bulk of the solution to the surface of the electrode. As
it is observed, the performance of the catalyst on micro-
gravity improves with increasing values of applied voltage

Fig. 5 Microgravity experiment
set up. a schematic, b picture of
the setup inside the experiment
box
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Fig. 6 Anode chronoamperometric data of an ammonia alkaline fuel
cell at 0.45V vs. cathode (Breathing Air/300ml/min/82737 Pa) in 1.0M
NH4OH (30ml/min in anode) during 10 parabolas, from 0.02 g to 1.7
g. Anode (5mg of Pt black): NH4OH 30ml/min, cathode (5mg of Pt
black): Air 150 mL/min

until it reaches 1.0 V, moment in which the microgravity
current equates the current on ground and at even higher
potentials (1.2V) then microgravity performance decreases
in comparison with the ground experiments (Figs. 7 and 8).

Chronoamperometry with Platinum on Carbon
Nanoonions

Platinum nanoparticles were electrodeposited on high sur-
face area carbon nanoonions. Figure 9 show the chronoam-
perometric tests using platinum nanoparticles on carbon

Fig. 7 Chronoamperommetry of ammonia oxidation at applied
potentials of: 0.2, 0.4,0.6, 0.8,1.0 and 1.2V vs. cathode (breath-
ing air/300ml/min/82737 Pa) in 0.1M NH4OH (30ml/min in anode).
Anode-5.2mg of Pt-nanocubes and cathode-5mg Pt Black

Fig. 8 Chronoamperommetry of ammonia oxidation at applied poten-
tials of: 0.2, 0.4, 0.6, 0.8,1.0 and 1.2V vs. cathode (Breathing
Air/300ml/min/82737 Pa) in 0.1M NH4OH (30ml/min in anode).
Anode-5.3mg of Pt-nanocubes in carbon Vulcan™ (ca. 20% metal
loading) and cathode-5mg Pt Black

nanoonions as anode. The solution composition and flows
as well as the applied potentials were the same as those
measured for the other catalysts.

In this case, for the applied voltages of 0.2V, 0.6V and
0.8V the performance of the catalysts was reduced in micro-
gravity conditions. On the other hand, at 0.4V, 1.0V and
1.2V the performance in microgravity decreased until after 5
to 6 seconds the current became diffusion controlled and the
microgravity performance was better. The current produced
is a function of the concentration of ammonia, the concen-
tration present is dependent on the diffusion mass transfer
of ammonia from the bulk of the solution to the surface of
the electrode.

Comparative Performance of the Catalysts

Finally, in order to determine if there was a shift in
the potential of the cathode electrode that was used as
a counter/reference electrode, currents at 15s from the
chronoamperometry were taken for each potential. A plot of
currents at 15s vs. the applied potential is shown in Fig. 10.

Of all three catalysts, the platinum on carbon nanoo-
nions showed the best performance increase in microgravity
versus ground at 0.4V (99%). The high surface area and
spherical morphology of the carbon nanoonions may be
taking part on improving the release of the stagnant nitro-
gen gas that interferes with the oxidation of the ammonia.
The higher surface area of the carbon nanoonions (>984.3
m2/g vs. 262 m2/g for carbon Vulcan ™) provides more
nucleation sites where the nitrogen gas can grow and be
released (Echegoyen et al. 2010). The improved current in
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Fig. 9 a Chronoamperommetry of ammonia oxidation at applied
potentials of: 0.2, 0.4, 0.6, 0.8, 1.0 and 1.2V vs. cathode (breath-
ing Air/300ml/min/82737 Pa) in 1.0M NH4OH (30ml/min in anode).

Anode- 3.2mg of Pt in carbon nanoonions (ca. 13% loading) and
Cathode-5mg Pt. b expanded view of 0.2 V and 0.4 V

the platinum carbon nanoonions catalyst can be related to
a better release of the nitrogen bubbles that hinder ammo-
nia oxidation. The curved surface of the 5 nm nanoonion
particles works in an analogous way to the tube orifice in
Carrera et al. (2006) paper, in the sense that curvature offers
less surrounding surface where the bubble can anchor (see
Table 1).

Bubble Formation

The mechanism of bubble formation at ground has been
studied at Pt ultramicroelectrodes and nanoelectrodes show-
ing the formation of electrochemically generated H2 and N2

bubbles and subsequent detachment (Fernandez et al. 2014;
Chen et al. 2014; Yang et al. 2015; Chen et al. 2015) The
bubble detachment from the Pt electrode surface takes ca.

1-2s. In our case, we find that the detachment of N2 from
the platinum nanoparticles at microgravity conditions may
be occurring at ca. 5-10 seconds in the time scale. This
may be explained by the protective shielding the N2 bubble
may have on the Pt surface to avoid its prompt passivation
that occurs in ground conditions. In general, under micro-
gravity the lack of buoyancy in this nanomaterials have a
positive effect on its catalytic performance at time longer
that 5-10 seconds. This happens mainly at potentials higher
than 0.8V vs. cathode. At such voltages it could be occur-
ring an effect of electrowetting, the reduction of the surface
tension and contact angle in the bubble caused by an elec-
tric field leading to bubble detachment from the electrode,
it has been demonstrated experimentally the transport of air
bubble in microchannels using this phenomenon (Zhao and
Cho 2007).

Fig. 10 (a) Current (normalized by Pt mass) values at 15 seconds
obtained from the chronoamperometries performed at different poten-
tials (from 0.2V to 1.2 V) shown in Figs. 5, 6, and 7 for Pt nanocubes,

Pt nanocubes in Vulcan™ and Pt in carbon nanoonions and (b) Com-
parison of the currents normalized by Pt mass and molarity of NH4OH
for the three catalysts
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Table 1 Comparative
performance of catalyst in
microgravity versus ground
(positive values are an increase
of performance) at 15s of the
chronoamperometric data taken
at 0.45V

Applied voltage vs.
cathode (breathing
air/300ml/min/82737
Pa) at in 0.1M
NH4OH (30ml/min
in anode)

Pt nanocubes (100%
metal loading)

Pt-nanocubes Carbon
Vulcan ™ (20% metal
loading)

Pt-nano-onions
(13% metal loading)

0.2 V −73% −86% −88%

0.4 V 5% −71% 99%

0.6 V −27% 3% −23%

0.8 V 21% 9% −7%

1.0 V 32% −1% 24%

1.2 V −17% −34% 20%

The flight maneuver used was FL230-Fl310 so the exper-
iment would observe a �p between 43368.0 Pa and 55158.1
Pa, top to bottom of the parabola (the outside pressure being
40954.9 Pa and 28751.1 Pa). The cabin pressure does not
excerpt direct influence in the fuel cell because the fuel cell
was sealed in a double containment system. The vent sys-
tem was sized, that in the event of a vent station being wide
open, the flow rate was less than the make-up rate of the
cabin pressurization system. Therefore, the vent does not
affect significantly the cabin altitude.

The C9 plane’s overboard vent system was connected
to the outlet of the fuel cell cathode (air) side. The vent
system could have created a pressure differential from the
anode side to the cathode side. Considering that the trajec-
tory of the plane is a parabola the pressure at the start of
the parabola and at the end of the parabola would be quite
similar, a difference would be noticed at the peak of the
parabolic trajectory (ca. 12.5 s). No periodic or reversible
effect was observed in the chronoamperometries, suggest-
ing that the effect of the vent on the fuel cell current
performance is negligible.

Conclusions

This research has shown the difference between the per-
formance of the same catalysts in an ammonia fuel cell
under microgravity and ground experimental conditions in
terms of normalized current densities. In the case of a fuel
cell with platinum black as catalyst on the anode there is a
reduction in the produced mass-normalized current densities
of around 7.5% between the hypergravity and micrograv-
ity experimental episodes. This decrease was shown to be
reversed when gravity effects were once again applied to the
fuel cell, confirming the direct influence from microgravity
on the electrochemical oxidation of ammonia.

For the platinum nanocubes the decrease in current in
microgravity was also shown, except for the applied volt-
ages of 0.4V (5%), 0.8 V (21%) and 1.0V (32%), for which

the current produced in microgravity was higher than on the
ground. Nanocubes are 10 nm crystalline Pt (100) planes,
being this orientation the most active for the ammonia
oxidation.

For the platinum nanocubes supported on carbon
Vulcan™, higher current densities were observed at 0.6V
(3% current increase vs. ground) and 0.8V (9% current
increase vs ground) in microgravity conditions when the
ammonia electrooxidation was taking place at the diffusion
controlled zone.

Finally, the platinum on carbon nanoonions support
showed higher Pt mass-normalized current densities at 0.4V
(99% current increase vs. ground), 1.0V (24% current
increase vs. ground) and 1.2V (22% current increase vs.
ground) in microgravity conditions.
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