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A regenerative solid oxide fuel cell was designed, built, and tested for Mars exploration. The fuel cell operates
at night on CO and excess O2 generated during the day from the Mars atmospheric CO2 . The primary objective
of the device was to generate O2 from the Mars atmosphere for use as an ascent vehicle propellant. The cells
tested were composed of an 8-mol% yttria-stabilized zirconia electrolyte and two platinum electrodes. The results
obtained from the experimental tests were consistent with the theoretical relations predicted by thermodynamics
and electrochemistry. The performance loss of the fuel cell, observed during the � rst 40 h of operation in the fuel
cell mode, was attributed to chemisorption of CO by the platinum electrodes. It was found that the concentration
overpotential was negligibleand the calculated activation overpotential � t well with the Tafel equation. The results
suggest that operating O2 generator cells as fuel cells with low fuel utilization at night has advantages for Mars
missions.

Introduction

R EGENERATIVE fuel cells (RFCs) have been considered as
potential energy-storage devices for several space missions,

including lunar bases1 and human missions to Mars.1,2 The concept
relieson an electrochemicaldevice that can be reversedperiodically
to convert electrical energy to chemical energy and vice versa. The
electrochemical device in this case is a stack of cells that performs
as an electrolyzer, or a fuel cell. In the fuel-cell mode, the stack
of cells converts chemical energy via an electrochemical reaction
that utilizes a fuel and oxidant to form a reaction product. In the
electrolyzer mode, the reaction product is converted and separated
to fuel andoxidantbyutilizingelectricalenergy.Elegantschemesfor
energy storage have been suggested using this concept,1,2 and they
are very attractive when the primary source of energy for a mission
is solar. On a lunar base, for example, the RFC would operate as an
electrolyzer to produce fuel and oxidant during most of the lunar
day (about 336 h) using power from solar photovoltaic arrays. For
the lunar night (about 336 h), the RFC would utilize the fuel and
oxidant to produce the required electric power.

One of the primary distinctions between the RFCs and other en-
ergy storagedevices,such as batteries,is that the total energyneeded
and the power required are not as closely coupled for RFCs as they
are for batteries. If the same amount of power is required for a
longer period of time (i.e., more energy), then the sizes of the fuel
and oxidant tanks have to be increased, but not the size of the cell
stack. Therefore, for applications where power is needed for long
periods, the mass advantageoffered by a RFC is signi� cant in com-
parison to traditional primary or secondary batteries. Past papers
have focused on using solid-polymer electrolyte-based fuel cells
with Earth-carried hydrogen and O2 (or water) as the reactants.1,2

This paper focuses on a solid-oxide electrolyte-based fuel cell
that will use CO and O2 as reactants. The reactants are obtained by
electrolyzingthe CO2 in the atmosphere of Mars. There are two im-
portant distinctionsbetween the solid polymer- and the solid oxide-
based RFC concepts: 1) All of the � uids in the solid-oxide system
are gaseous, as opposed to the liquid–vapor mixture encountered in
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the solid polymer.2)The working � uid for the RFC is obtainedfrom
Mars for the solidoxide system,as opposedto beingcarriedfrom the
Earth for the solid polymer system. Unlike the RFCs considered in
the past, the primaryapplicationof the devicepresentedin thispaper
is not energy storage. The cell stack will primarily produce O2 for
the return vehicle’s propulsion needs. The advantage of producing
O2 by electrolyzingthe predominantlyCO2 atmosphere of Mars for
return vehicle propulsionhas been discussed in detail elsewhere.3,4

The excesscapacityof the cell stackwill be utilizedto producesmall
amounts of excessO2 . This excess O2 will be combinedwith the CO
that is produced as a product of the electrolysis reaction and will be
used to operate the stack as a fuel cell during the night. This stack
will produce limited amounts of electrical power for the nighttime
needs of the rest of the spacecraft. Because the fuel cell reaction
is exothermic, it will keep the electrolyzer stack warm during the
night and thereby eliminate the need to thermally cycle the stack
diurnally if the mission relies solely on solar power. If thermal cy-
cling on a diurnal basis is eliminated, the reliability of the device is
greatlyenhanced.By maintainingthe stackat operatingtemperature
day and night, the time needed for thermal ramp-up each Martian
day (after the solar cells start generating suf� cient power) is elimi-
nated, thereby increasing the total available time for O2 production
time. In addition, when operating in the fuel-cell mode, the RFCs
will provide high- and moderate- temperature heat to the rest of the
spacecraft during the cold Martian night.

Experimentswere conductedin the laboratoryto characterizethe
solidoxidecell in the RFC mode and prove the feasibilityof the con-
cept. A brief explanation of the principle of operation of the solid
oxide cell is followed by a description of the experimental setup.
The results of the experiments are reported, and the signi� cance of
the results is discussed.

Principle of Operation
The solid-oxideelectrolyteis anO2 ionconductor.The electrolyte

considered is 8-mol% yttria-stabilizedzirconia (YSZ). Oxygen ion
vacancies in the crystal structure of the electrolytepermit the trans-
port of O2 from the cathodeto the anodewhen an electricpotential is
applied. Alternatively, a large O2 partial-pressuredifference across
the electrolyte, and the presence of a fuel on the low O2 concentra-
tion side, will allow for an electrochemical reaction to occur as a
result of O2 ion transport across the electrolyte and electron � ow in
the external circuit (power generation).

For both electrolyzer and fuel cell reaction to occur, electrons
must be transported to or from the reaction site. This is done by
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Fig. 1 Three-phase boundary at the electrode–electrolyte interface.

means of porous electrodes that are directly attached to the surface
of the electrolyte.For the electrochemicalreaction to occur, the fuel
molecules and the O2 ions must make contact, and the electrons
must be transported to or from the site. This condition exists only
where the fuel, the electrode, and the electrolyte meet. This is the
so-called three-phase boundary (Fig. 1), which is the only place
where the electrochemical reaction can take place.

Cell Reactions

The fuel cell half-cell reactions for the CO and O2 reactants are,
for the anode,

CO + O2 ¡ ! CO2 + 2e ¡ (1)

and D h0
298,a = ¡ 532,180 J/mol (Ref. 5). For the cathode,

1
2 O2 + 2e ¡ ! O2 ¡ (2)

and D h0
298,c =249,190 J/mol (Ref. 5).

The overall cell reaction is

CO + 1
2 O2 ! CO2 (3)

where

D h0
298,cell = ¡ 282,990 J/molCO2

where the superscript 0 stands for standard pressure (partial pres-
sure, 1.013 bar); the subscript gives the temperature; a and c stand
for anode and cathode, respectively; and e ¡ stands for an electron.
A negativeenthalpyvalue denotes an exothermic reaction.The sub-
script CO2 in Eq. (3) indicates the energy released when one mole
of CO2 is formed. For an ideal cell, the amount of this enthalpy that
is available as electrical energy is given by the Gibbs free energy
equation,

w el = D g = D hr ¡ T ¢ D s (4)

where w el is the speci� c electrical work provided by an ideal cell,
D hr is the speci� c enthalpyof reaction, D g is the change in speci� c
Gibbs free energy, T is the reaction temperature, and D s is the
change in speci� c entropy.

Reversible Cell Voltage

The relation between the Gibbs free energy and reversible cell
voltage Er is given by

Er = ¡ D g / (n ¢ F) (5)

where F is the Faraday constant,96,493 C/mol and n is the number
of electrons transported for each molecule that is reacted.

For reaction (3) the Nernst reaction is given by

Er = ( < ¢ T ) / (n ¢ F) ¢ (K ) + ( < ¢ T ) / (2 ¢ n ¢ F ) ¢ pO2,c

+ ( < ¢ T ) / (n ¢ F ) ¢ pCO / pCO2
(6)

This is the Nernst equation for the tested fuel cell. The equilib-
rium constant K for different temperatures can be calculated using
following approximation:

K = (1/ cd ) ¢ e[Ed / ( < ¢ T )] (7)

For reaction (3), cd =3.5 £ 104 and Ed =282.8 kJ/mol (Ref. 6).

Equation (6) can be used to calculate the dependence of the re-
versible cell potential on pressure, temperature, and fuel utiliza-
tion. The dependencerelationshipsfor reaction (3) are presented in
Eqs. (8), (9), and (10), respectively:

Er (T ) j p, l = Ed / (n ¢ F) ¡ ( < ¢ T ) / (n ¢ F ) ¢ (cd )

+ ( < ¢ T ) / (2 ¢ n ¢ F) pO2 ,c

+ ( < ¢ T ) / (n ¢ F) ¢ pCO pCO2

(8)

Er ( p) j T1 , l 1 = Er (T1, l 1) ¡
D v ¢ < ¢ T

n ¢ F
¢

p

p1

(9)

Er ( l ) j T , p = ( < ¢ T ) / (n ¢ F) ¢ (K )

+ ( < ¢ T ) / (2 ¢ n ¢ F) pO2 ,c

+ ( < ¢ T ) / (n ¢ F) ¢ [(1 ¡ l ) / l ] (10)

where D v is the stoichiometric constant, and the fuel utilization l
is de� ned by

l =
pin

CO ¡ pout
CO

pin
CO

(11)

Cell Irreversibilities

The reversiblecell potential as shown in Eq. (10) applies to a cell
only when it is in equilibrium, that is, no current is � owing through
the cell or no species is transported. Potential barriers are created
due to both charge concentrationsat the electrode/electrolyte inter-
face and concentration gradients between the bulk � ow and at the
three-phase boundary. The increases in cell potentials due to these
two factors are called activation and concentration overpotentials,
respectively. The relationship between current density and activa-
tion overpotentialfor a cell is given by the Butler–Volmer equation,

i = i0 ¢ exp
(1 ¡ a ) g a c ¢ n ¢ F

< ¢ T
¡ exp

a ¢ g a c ¢ n ¢ F

< ¢ T
(12)

where i is the current density, i0 is the exchange current density
(a constant for a given cell operating at a � xed temperature and
pressure), a is the transport coef� cient (a constant between 0 and
1), and g ac is the activation overpotential.

Equation (12) can be simpli� ed for high positive activationover-
potentials. In this case, the second term in Eq. (12) can be neglected.
The simpli� ed equation can be solved for g ac to obtain the Tafel
equation,

g ac = ¡
< ¢ T

(1 ¡ a ) ¢ n ¢ F
¢ i0 +

< ¢ T

(1 ¡ a ) ¢ n ¢ F
i = a + b ¢ i

(13)

Because O2 ions are transportedacross the electrolyteand chemi-
cal reactionsoccurat the electrodes,there is a concentrationgradient
between the bulk � ow in the cell and at the electrode/electrolyte in-
terface. This concentrationbarrier increases the cell potential in an
electrolyzerand decreases it in a fuel cell. Obviously, the maximum
cell current will occur when the concentrationof the O2 ions at the
electrode is zero. The cell current for this condition is called the
limiting current. Using Ficks law of diffusion and charge balance,
the limiting current density iL can be shown to be

iL = n ¢ F ¢ D ¢ (cion / d ) (14)

where D is the diffusion coef� cient, d is the thickness of the dif-
fusion layer according to the Nernst approximation, and cion is the
concentrationof the ions outside the diffusion layer in the bulk.

From analysis, it can be shown that the concentrationoverpoten-
tial can be expressed as

g D = ( < ¢ T )/ (n ¢ F) ¢ [1 ¡ (i / iL )] (15)
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and the cell current can be expressed as

i = iL ¢ 1 ¡ exp
n ¢ F ¢ g D

< ¢ T
(16)

Ohmic resistanceaccompaniesthe transfer of electricalcharge. It
occurs due to the ionic resistance in the electrolyte, electronic resis-
tance in the electrodes, and contact resistance. It can be expressed
by the equation

g X = I ¢ R X (17)

where R X is the total cell resistance from all sources.
The potential-current relation is the most important relation in

specifying the performance of a cell. The relation is given by

U ( I ) = Er ¡ j g ac j ¡ j g D j ¡ g X = Er ¡ j ( < ¢ T ) / ( b ¢ n ¢ F) (I / I0) j

¡ j ( < ¢ T ) / (n ¢ F) [1 ¡ ( I / IL )]j ¡ I ¢ R X (18)

Experimental Setup
Cell Con� guration

The test cell consisted of a cold-pressed and sintered nonporous
8-mol% YSZ electrolyte disk that was sandwiched between two

Fig. 2 Cutaway of the cell con� guration.

Fig. 3 Schematic of testbed.

YSZ crucibles (Coors Ceramic Company). The diameter of the disk
was 28 mm. The thickness of the electrolytedisks ranged from 600
to 750 l m. Platinum was chosen as the electrode material, and it
was painted in paste formon the YSZ disk and � red. The reasonsfor
selecting platinum as the electrode material were its high catalytic
activity, its chemical stability both at high temperatures and in oxi-
dizing environments,its ease of handling,and the ease of procuring
the material in pure form. In the future,otherelectrodematerialswill
be consideredthat are conductiveto both electronsand oxygen ions,
so-called mixed conductors,for example, La0.7Sr0.3Mn3 ¡ x (Ref. 7).
The electrode area was approximately 2 cm.2 The crucibles were
sealed to the electrolytedisk usinga ceramiccement (Aremco Prod-
ucts, Inc.) that was painted in paste form on the YSZ disk and � red.
The electrodes were connected to the terminals of the testbed via
platinum wires (Alfa Aesar). The connection between the platinum
wire and the electrodes was made by forming a spiral, � attening it,
and attaching it to the electrodes with platinum paste. A detailed
description of the entire building process is given by Sridhar and
Vaniman.8 A schematic of the cell con� guration can be found in
Fig. 2.

Testbed

A schematicof the testbed is shownin Fig. 3. The cell was situated
inside a custom-fabricated ceramic � ber heater (Watlow) that was
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placed in a steel box. The box was � lled with ceramic blanket in-
sulation (Koawool®, Thermal Ceramics). The heater was controlled
by a Watlow thermal controller (Series 942) via a solid state relay.
The temperature in the testbed was measured by three shielded, un-
grounded type K thermocouples(Omega). The thermocoupleswere
placed at different locationswithin the testbed.The load for the fuel
cell was an adjustable resistor (5–1000 X ). By means of the three-
position switch, the cell circuit could be interrupted,switched to the
cell load for fuel cell mode (FCM), or connectedto the power supply
so that it would operate in the electrolyzer mode (ELM). Note that
the O2 side is called cathode in the FCM and anode in the ELM. The
opposite is true for the fuel side. An oscilloscopemeasured the cell
voltage at the same place as the voltmeter. For measuring the ohmic
overpotential using the current interrupt method, it was necessary
to break the cell circuit and trigger the oscilloscope. The cell was
supplied with gas by three high-pressure gas cylinders. The purity
of the O2 and CO2 gases was 99%; the purity of the CO was 98%.
The pressure of the gases was downregulated to 5 psig before they
were fed to the cell. A Shimadzu GC-8A gas chromatograph was
used to determine the composition of the gases coming out of the
cell. The exhaust gas lines were set up in such a way that the gases
from both sides could be sent either to a bubble � ow meter or to the
gas chromatograph.

Results and Discussion
Electrolyzer Characteristics

The performance of the electrochemical cell in the electrolyzer
mode is shown in Fig. 4. The performance of the cell increased
with increasing temperature, corroboratingprevious results.8 Also,
the performanceof the cell remained fairly constantover prolonged
periods of operation in the electrolyzer mode.

Fuel Cell Characteristics

The performance of the cell in the FCM at 850±C is shown in
Fig. 5. The shape of the current–voltage relationship is qualitatively
consistent with theoretical predictions presented in Eq. (18) at low
and intermediate current levels. At low current levels, the voltage

Fig. 4 Current–voltage relation for different temperatures (ELM,
Ael = 2 cm2 ).

Fig. 5 Current–voltage relationship at 850±C.

drop was primarily due to activation overpotentialand, at the inter-
mediate current levels (the linear portion of the curve), the potential
drop was dominated by the ohmic losses. At the highest current
levels, the curve was predicted to drop drastically, to zero poten-
tial, due to diffusion limits. The experimental curve deviated from
this prediction,possiblydue to the chemisorptionprocess described
hereafter and also due the mass-limiting � ow conditions created at
the highest current levels.

Performance Degradation

Degradation in performancewas observed when the cell was op-
erated for prolongedperiods in the FCM. Cell performancesfor two
different cells operated at 900±C and 950±C in the FCM are shown
in Figs. 6a and 6b. The degradation behavior was also exhibited at
an operating temperature of 850±C.

These and other measurementsof cell performanceindicated two
trends: 1) The degradationrate was higher at higher operating tem-
peratures. 2) The rate of degradation at any temperature seemed to
taper off with time. The degradationrate droppedsigni� cantly after
40 h of continuous operation in the FCM. This was con� rmed by
an endurance test where the cell was run for 310 h in the FCM.
Before the endurance test, the cell was run for more than 40 h in
the FCM, and, during this time, the performancedropped as shown
in Figs. 6a and 6b. After the 40 h, the degradationstabilized,as can
be seen in Fig. 7. The voltage-current (V-I) characteristics of the
cell before the endurancetest, where it was already running for 40 h
in the FCM, are almost identical to the characteristics after 310 h.
This result con� rms that the rate of performance degradation was
insigni� cantly small after approximately 40 h in the FCM.

Based on these observations, it was postulated that the degrada-
tion in performance was due to a reduction in the catalytic activ-
ity of platinum that resulted from the chemisorption of CO. The
chemisorbed CO at the platinum surface is oriented in such a way
that the carbon atom is directly combined with the platinum, and
the oxygen atom is covering the carbon atom and protecting it from
action with oxygen molecules that strike the surface.9 Thus, the CO
blocks reaction sites and the performance of the cell decreases.10

The platinum surface gets rid of the CO only by evaporation of the

a) 950±C

b) 900±C

Fig. 6 Characteristics of the current–voltage relation over time
(Ael = 2 cm2 ).
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Fig. 7 Cell performance before and after 13 days in the FCM (Ael =
2 cm2) after a previous 40 h in the FCM.

Fig. 8 Cell performance at 950±C before and after running it in the
ELM (Ael = 2 cm2 ).

adsorbed CO. The rate of evaporation is increased by either rais-
ing the temperature or lowering the partial pressure of CO in the
bulk gas. If this is indeed the case, it would be possible to recover
cell performance, at least partially, by � owing O2 through the elec-
trodes. Two different experiments were conducted: One involved
running the cell in the EM periodically to rid the platinum of the
chemisorbedCO, and the other involved� ushing theelectrodeswith
O2 between tests.Both techniquesprovidedvery good cell recovery.
The results of operatingthe cell in the EM are presented in Fig. 8 for
950±C. It can be seen that, even after 380 h of continuousoperation
in the FCM, the cell recovered quickly when operated in the EM.
Such behavior was also observed at 850 and 900±C cell operating
temperatures.The fuel cell performancealso recoveredwhen it was
� ushed with O2 gas.

These results validate the postulation of cell degradation due to
chemisorption.A performance characteristic for the fuel cell is the
currentat a zero cell potential, the short circuit current (SCC). SCCs
will vary with time of operationdue to cell degradation.They varied
from 0.213 A at 950±C at the beginningof life to 0.134 A after 310 h
of operation.

Transference Numbers and Open Circuit Voltage (OCV)

The Faradaic ef� ciency of the cell provides the ratio of the ionic
conductivity across the cell to the total (electronic and ionic) con-
ductivity. This number, ranging from 0 to 1 (also termed the trans-
ference number), is obtained by comparing the mass � ow of O2 to
the measured current. Within the experimental error, it was found
to be unity for the cells tested. The measured open circuit voltage
(OCV) for the cells corresponds to the theoretical reversible cell
voltage Er discussed earlier. It was found to be between 0.07 and
0.08 V for the electrolyzer and ranged from 1.03 to 1.07 V for the
fuel cell.

Power Output

The power output of the fuel cell is plotted as a function of cur-
rent for operation temperatures of 850 and 900±C in Fig. 9. The
maximum power output was always attained at a current value that

Fig. 9 Power output of the cell as a function of current (Ael = 2 cm2).

Fig. 10 Power output P vs fuel utilization µ (T = 950±C).

was slightly below one-half of the SSC. The maximum peak power
attained was 40 mW at 900±C at a load of about 4 X .

The power output was also measured at variousCO2 � ow rates to
computeits relationshipwith fuelutilization.This graph is presented
in Fig. 10. For fuel utilizations higher than 45%, the power output
dropped rapidly. For all other tests the fuel utilization was kept at
about9%, theportionof thecurvewhere the power is independentof
l , to remove its effect from the cell performance.The output power
was found to be independentof the O2 � ow rate on the cathode side.
The experiments showed that maintaining a pressurized cathode
chamber without any through � ow was suf� cient on the O2 side.

Ohmic Overpotential

The ohmic cell resistance was obtained by measuring the tran-
sient characteristicsof the cell voltage by means of an oscilloscope
when the external circuit was interrupted. If the circuit is switched
off, the cell voltage increases back to the OCV because overpoten-
tials become zero. This method relies on the fact that the ohmic
overpotential decays much more quickly than the activation and
concentration overpotentials. The ohmic overpotential is the volt-
age drop across the ohmic resistance of the cell. This resistance is
only felt if a current � ows. At the moment the external circuit is
opened, the current stops. Thus, the ohmic overpotential ceases to
in� uence the measuring instrument in a time comparable with the
relaxation time of the electrons in the metal, a time below 10 ¡ 10 s
(Ref. 11). Because this time is very small, it can be said that the
cell voltage increases instantaneously by the value of the ohmic
overpotential if the external circuit is opened. The activation and
concentration overpotentials occur because of electrochemical re-
action and diffusion, respectively. These processes do not stop as
fast as the movement of the electrons. Hence, the activation and
concentrationoverpotentialscease to in� uence the measurement at
a much slower time scale than theohmic overpotential.Accordingto
electrochemical literature,12 the time before the activation and con-
centrationoverpotentialstart to decrease is larger than about 10 ¡ 5 s
for low-temperature fuel cells.

Note that although the electrolyte disk resistance decreased with
increasing temperaturedue to increased ionic conductivity,the lead
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Table 1 Ohmic cell resistance at different temperatures

Temperature Resistance Error (§), Standard
T ,±C RX , X X deviation, X

850 2.6 0.3 0.2
900 2.5 0.3 0.1
950 2.7 0.4 0.2

Fig. 11 Limiting current test at 900±C (Ael = 2 cm2 ).

wire and contact resistance increased with increasing temperature.
Becauseof these counteractingcontributions,no trendwas observed
in the measured ohmic cell resistance. The data are summarized in
Table 1.

Concentration Overpotential

The limiting current is reached when the ion concentrationce in
the electrolyte at the three-phase boundary becomes zero. The in-
� uence of the concentrationoverpotential decreases as this current
increases.Further, if the limitingcurrent iL is known, the concentra-
tion overpotentialcan be calculated[see Eq. (15)]. To determine the
limiting current, the voltageof the power supply that was connected
to the cell was increased until the cell voltage went negative. This
means the resistancethe cell feelswas virtuallynegativeand the cell
was driven by the power supply. If the limiting current is reached,
the current should not increase any more, although the voltage is
increasedfurther.The results of this experimentat 900±C are shown
in Fig. 11. The results at other temperatures showed similar trends.

It is apparent that the limiting current was not reached in the
experiment. From Eq. (15), it can be shown that, for a cell current
of 220 mA and a limiting current of 900 mA, the concentration
overpotentialwas about8.5 mV. This suggeststhat theconcentration
overpotentialwas negligible for the conditions that were tested.

Activation Overpotential

Tafel plots give the relation between the activation overpotential
andcurrent.The activationoverpotentialwas obtainedbyneglecting
the concentration overpotential and subtracting the ohmic overpo-
tential from the total overpotential:

g ac = OCV ¡ U

total overpotential

¡ I ¢ R X (19)

Figure 12 showsan exampleof a Tafel plot at 900±C. The area of low
activation overpotential and the area of high overpotential are not
always linear. The area in between usually shows an almost linear
relationbetween g ac and log I . This linear area was taken to � t a line
by the method of least squares, as shown in Fig. 13. The equation
obtained by matching a line is

g ac = 0.7154 + 0.102 ¢ (I ) (20)

Current–Voltage Characteristics

For the design of a RFC system, it is important to be able to make
predictionsof the current–voltage relation, because this is the most

Fig. 12 Tafel plot at 900±C (Ael = 2 cm2 ).

Fig. 13 Tafel plot of linear area corresponding to Fig. 12 (Ael = 2 cm2).

a) First time, ¯ = 0.26

b) After 310 h in FCM, ¯ = 0.17

Fig. 14 Comparison of experimental data for cell 2 at 950±C with the
calculated prediction (I0 = 1.713 mA and RX = 2.6 X ).

important characteristic of a fuel cell. In the preceding sections,
the overpotentialsand reversiblecell voltage were evaluated.Using
these results, the current–voltage relation of a cell can be predicted
with Eq. (18). Figures 14a and 14b compare the actual performance
of a fuel cell at 950±C with that of the predictionfrom Eq. (18) using
the experimentallyobtained constants. The results compared are in
close agreement, suggesting that most of the physics are captured
by the modeling.
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Conclusions
The results of this work show that it is possible to run a solid

oxide electrolyzer cell as a regenerative fuel cell with CO as fuel
and O2 as oxidizer. It was found that the performance of the cell
decreases in the FCM and becomes stable after approximately 40 h
of operation.This is probably due to a strong chemisorptionof CO
by the platinum electrodes. It was further shown that a recovery
of the performance is possible by running the cell for a few hours
in the EM. In the future, different electrode materials that are not
susceptible to degradation will be explored.

By means of measuring the transient characteristics of the cell
voltage, it was possible to determine the ohmic resistance of the
cell. It showed no particular dependence on the cell temperature or
operation time. The limiting current of the cells could not be de-
termined because it was higher than 800 mA. Because the limiting
current was at least four times the maximum current of the tested
cells, it was reasonable to neglect the concentration overpotential.
By knowing the ohmic resistance and neglecting the concentration
overpotential, it was possible to calculate the activation overpoten-
tial. By � tting a line to the Tafel plots, the electrochemicalconstants
I0 and b were determined. Using these constants, it was possible to
predict the performanceof a solid-oxide fuel cell.
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