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Based on the one-chamber fuel cell design by Iwahara a catalytic methane sensor has been
developed. The working principle of this sensor is based on the difference in catalytic
properties of two electrodes for the CO2 reforming reaction of methane. The sensor is
based on a high-temperature proton conducting electrolyte, i.e. SrCe0.95Yb0.05O3−α or
CaZr0.9In0.1O3−α. At 500 ◦C a linear sensor response on the methane partial pressure has
been found for a Ru/SrCe0.95Yb0.05O3−α/Pt cell. This cell, however, shows poor long-term
stability. The long-term stability of the Ru/SrCe0.95Yb0.05O3−α/Pt cell is improved using a
more stable electrolyte material, i.e. CaZr0.9In0.1O3−α(CZI10). Further improvement of the
long-term stability of the sensor is achieved using a nickel-CaZr0.9In0.1O3−α CERMET
(Ni-CZI10) electrode. The sensor response of a Ni-CZI10/CaZr0.9In0.1O3−α/Pt cell is found to
be linear at 600 ◦C and 700 ◦C, respectively. The temperature dependence of both the
Ru/SrCe0.95Yb0.05O3−α/Pt and the Ni-CZI10/CaZr0.9In0.1O3−α/Pt cell can be explained by the
temperature dependence of the catalytic activity of the electrode materials used. This
confirms that the obtained EMF is established by a catalytic activity difference between
both electrodes. The power output of a Ni-CZI10/CaZr0.9In0.1O3−α/Pt cell is also determined.
A combined sensor-fuel cell would have the advantage that it is able to detect the fuel
concentration in the gas and, therefore, correct in-situ for fluctuations in the fuel
concentration. The power output of the Ni-CZI10/CaZr0.9In0.1O3−α/Pt cell, however, is found
to be 0.01 mW · cm−2. This low power output, with respect to values reported in literature
for the one-chamber fuel cell, can be explained by the relatively thick electrolyte used, the
electrode materials chosen, and the use of the reforming reaction of methane instead of the
partial oxidation of methane. However, the feasibility of the combined sensor-fuel cell has
been demonstrated. C© 2001 Kluwer Academic Publishers

1. Introduction
In the early nineties Iwahara and Hibino have shown
the possibility of a fuel cell system that operates on
a uniform gas mixture of methane and air [1, 2]. Al-
though the fuel cell system did not produce a sufficient
power density (2.36 mW· cm−2) to be used for gen-
erating electrical power, the system offered the possi-
bility to simplify the fuel cell design enormously. In
later years, Iwahara and Hibino were able to steadily
increase the power output of this one-chamber fuel cell
system to 170 mW· cm−2 in 1995 [3, 4]. State-of-the-
art one-chamber fuel cells still do not generate more
than about 200 mW· cm−2 [5–7].

Iwaharaet al. have shown that the working principle
of the one-chamber fuel cell is the difference in catalytic

activity of the two electrodes used [1, 2]. Later, Riess
et al. demonstrated theoretically that a measurable EMF
is obtained if there is a selectivity difference between
two electrodes [8]. Recently, Jaket al. have studied
the catalytic properties of electrodes in one-chamber
fuel cell systems. They show that in an electrochemical
device with two different electrodes the polarity of an
electrode depends on both the counter electrode used
and the fuel/oxygen ratio in the gas mixture [9]. This
confirms that the working principle of these systems is
indeed based on the different catalytic properties of the
employed electrodes.

The different catalytic properties of two materials
also lead to a different methane partial pressurede-
pendenceof a device using two different electrodes.
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Hence, with changing methane partial pressures a dif-
ferent EMF is observed. Based on this partial pressure
dependence a methane sensor has been developed in our
laboratory, the catalytic asymmetrical methane sensor
[10–12]. It has also been shown that for this sensor
system the catalytic properties of the electrodes deter-
mine the sensor response [10]. There is, however, one
important difference between the catalytic asymmetri-
cal methane sensor and the one-chamber fuel cell, i.e.
in the one-chamber fuel cell it is necessary to have a
catalytic activity difference that is as large as possible
in order to obtain a maximal power output. Hence, the
counter electrode can even be catalytically inactive. In
the sensor application, however, the counter electrode
should exhibit at leastsomecatalytic activity in order to
establish a potential difference that is partial pressure
dependent. Furthermore, a catalytic activity difference
that is too large leads to non-linearities, as will be shown
in this article.

The detection principle of the catalytic asymmetri-
cal methane sensor is based on the difference in cat-
alytic activity of two electrodes for the CO2-reforming
reaction of methane (1). Via this reforming reaction
methane is converted into hydrogen and carbon monox-
ide [13–15].

CH4+ CO2←→ 2H2+ 2CO (1)

Since the catalytic activity of both electrodes is differ-
ent, a different hydrogen partial pressure will be estab-
lished at both electrodes. This hydrogen partial pres-
sure difference creates a potential difference across the
cell which is a measure of the methane concentration
(Fig. 1).

The sensor is based on a proton conducting elec-
trolyte, which is chosen to be either SrCe0.95Yb0.05O3−α
(SCYb5) or CaZr0.9In0.1O3−α (CZI10). These materials
belong to the class of high-temperature perovskite-type
proton conductors and were first discovered by Iwahara
et al. [16–18]. The materials exhibit proton conduction
in the presence of water vapour or hydrogen. The pro-
ton is incorporated into the lattice to form a hydroxyl
group according to reaction (2) [19–21]

H2O(g)+ V
••
O+Ox

O −→ 2OH
•
O (2)

The oxygen vacancies are created as charge compen-
sation during the doping of the perovskite material

Figure 1 Schematic representation of the catalytic asymmetrical
methane sensor.

(ABO3) with trivalent dopants, like e.g. ytterbium (3):

Yb2O3
ABO3−−→ 2V′′Sr+ Yb′B + 3Ox

O+ 3V
••
O (3)

Due to the high protonic conduction of SCYb5, this
material has found application in various electrochem-
ical devices, i.e. fuel cells [22, 23], hydrogen pumps
[24, 25], (de)hydrogenation reactors [26], and hydrogen
sensors [27, 28]. The proton conductivity of zirconates
has been found to be lower than the proton conductiv-
ity of cerates [29–31]. In-doped CaZrO3, however, still
shows appreciable proton conductivity [32, 33]. The
main advantage of using CaZrO3 is the high chemical
and thermal stability of this material [34] with respect
to doped ACeO3 (A=Ba, Sr) [34–36]. Due to this high
stability, CaZrO3 is a promising candidate as a solid
electrolyte in solid oxide fuel cells and gas sensors
[37–39].

2. Experimental aspects
The electrolyte, SrCe0.95Yb0.05O3−α (SCYb5), was
synthesised according to the method described by
Iwahara et al. [40, 41]. A calculated mixture of
SrCO3 (Fluka Chemica, >98%), CeO2 (Fluka Chem-
ica,>99%), and Y2O3 (Fluka Chemica, 99.9%) was
prepared. After milling in acetone, this mixture was
calcined at 1400◦C for 10 hours in air at a heating rate
of 5 ◦C ·min−1.

The preparation of CaZrO3 powders, doped with
10 mol % of In2O3 (CZI10), has been reported in de-
tail earlier [42, 43]. The starting materials were indium
oxide (99.999% In2O3, Aldrich Chem. Co.), calcium
carbonate (Merck,>99%), and zirconium oxychlo-
ride octahydrate (GR,>99% ZrOCl2 · 8H2O, E. Merck,
Germany). Di-ammonium oxalate monohydrate (GR,
99.5–101.0% (NH4)2C2O4 ·H2O, E. Merck, Germany)
was used as complexing agent. Polyethyleneglycol 200
(Merck, pro analyse) was added to the precursor so-
lution as a surfactant (5 wt.%). The solution of Ca2+,
In3+, and Zr4+ [0.1 mol· l−1] was added dropwise to a
dilute alkaline (NH4)2C2O4 ·H2O (Merck,>99%) so-
lution [0.3 mol· l−1] under constant stirring. To en-
sure complete complexation an excess of 25 wt.%
(NH4)2C2O4 ·H2O relative to the total concentration
of cations in the precursor solution was used. The
complexation was achieved at 45± 2 ◦C and a pH
of 9.0± 0.05, which was controlled by continuously
adding a concentrated NH4OH solution. The resulting
precipitated complex was calcined at 1450◦C in air
using a platinum crucible.

The obtained perovskite powders were milled and
shaped into pellets with a diameter of 13 mm and a
thickness of about 1 mm using cold uniaxial pressing.
Before pressing the powders a binder (Hoechst wachs
C micro binder) was added to the mixture. Finally, the
pellets were sintered in air at 1400◦C for 10 hours
(SCYb5) or 1550◦C/10 hours (CZI10). In both cases
the heating rate used was 5◦C ·min−1.

In the cell based on SCYb5 ruthenium was chosen
as the catalytic electrode, because of the high catalytic
activity for the CO2-reforming of methane [13, 15].
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Figure 2 Schematic representation of the one compartment set-up used.

This metal electrode was deposited using a vacuum-
evaporation unit. A tungsten crucible was filled with
2 mg of ruthenium, and a current of 85 A was ap-
plied to the crucible for 30 s. The pressure was kept at
3× 10−8 bar.

As counter electrode platinum was used in this cell.
This electrode was deposited using a sputter coater
(Edwards Sputter Coater S150B). The electrode was
sputtered in an argon atmosphere for 1.5 min at a pres-
sure of 7 mbar, a voltage of 1 kV, and a current of 20 mA.
To obtain a stable electrode it is necessary to repeat this
deposition process four times, with a intermediate heat
treatment after each deposition at 800◦C for 10 hours
in air.

When CZI10 was used as electrolyte material nickel
was chosen as catalytic electrode. To obtain a stable
electrode a nickel-CZI10 CERMET was developed.
The Ni-CZI10 porous cermet film has been prepared
by making a paste using Ni-metal powder, the synthe-
sised CZI10 electrolyte, and a polymer binder (PVC) to
which tetrahydrofuran (THF) was added as a solvent.
This paste was applied to one surface of the electrolyte
pellet using spin coating. The applied CERMET was
subsequently sintered in argon at 1100◦C. As counter
electrode Pt paste was painted on the CaZr0.9In0.1O3−α
electrolyte. After drying at room temperature, a porous
conducting Pt film was formed.

Scanning Electron Microscope (SEM) images of the
electrolyte and the nickel CERMET were taken using
a Jeol LV 5800 scanning electron microscope.

The sensor activity was tested in a single-
compartment set-up as depicted in Fig. 2. The ex-
periments were performed at temperatures of 500◦C,
600◦C, and 700◦C, respectively, in CH4/CO2/Ar mix-
tures. The methane concentration was varied between
1.5 and 80 vol.%, while the CO2 concentration was 5,
10, 20, or 40 vol.%. The gas flow rate was 25 ml·min−1

in all experiments.

3. Results and discussion
3.1. Sensor characteristics of the

Ru/SrCe0.95Yb0.05O3−α/Pt cell
The sensor response of a Ru/SrCe0.95Yb0.05O3−α/Pt
cell as a function of the applied methane partial pressure
at different temperatures is shown in Fig. 3. The effect
of temperature on the sensor response is not straightfor-
ward. With increasing temperature the catalytic activ-
ity of the electrodes for the CO2-reforming of methane,
increases. An increase in the catalytic activity leads to
a higher hydrogen production and can, therefore, lead
to a higher EMF. This higher EMF will only be es-
tablished if the catalytic electrode shows a larger in-
crease in catalytic activity than the counter electrode
used. If the counter electrode shows a larger tempera-

Figure 3 The measured temperature dependence of a
Ru/SrCe0.95Yb0.05O3−α/Pt cell in 5 vol.% CO2.

ture dependence, the opposite is observed and, hence,
the measured EMF is lower. Furthermore, an increase
in temperature leads to an increase in the EMF, accord-
ing to Nernst law. As can be seen, at 500◦C a linear
sensor response is obtained. At 450◦C, however, an
exponential behaviour is found. At temperatures higher
than 500◦C, the sensor response levels off, especially at
methane concentrations higher than 5 vol.%. At 650◦C
a linear response curve is found again, but the sensi-
tivity of the sensor at this temperature is much lower
than at 500◦C. The explanation for this behaviour can
be found in the temperature dependence of the catalytic
activity of the used ruthenium and platinum electrodes.
The exponential behaviour at 450◦C can be attributed to
a low catalytic activity of the counter electrode. At low
methane partial pressures the catalytic activity of both
metals is small and this leads to a small EMF. When
the partial pressure of methane is increased the most
sensitive electrode, i.e. the catalytic electrode, starts to
catalyse the reforming of methane to hydrogen and an
increase in the EMF is observed. This increase is not
linear, because the catalytic activity of the counter elec-
trode is still very small and this electrode is not very
sensitive to concentration differences at this tempera-
ture [13].

At a temperature of 500◦C, both electrodes show
some catalytic activity towards the CO2-reforming of
methane [13]. A linear dependence on the methane par-
tial pressure can only be found, if the influence of the
methane partial pressure on the conversion efficiency
of both metals is similar. In other words, the response of
platinum and ruthenium tochangesin the methane con-
centration is the same, only the reaction rate at agiven
methane partial pressure is higher at the Ni-electrode.
This result shows that the choice of the counter elec-
trode is as important as the catalytic electrode. Both
electrodes should exhibit a catalytic activity that is high
enough to establish a hydrogen partial pressure. How-
ever, if the difference in catalytic properties between
the electrodes is too high, the sensor response will not
be linear. If, on the other hand, the difference in cat-
alytic activity is too small, the sensitivity of the sensor
will be poor. In the case of a fully inert counter elec-
trode a potential difference will not be established at
all, since there is no hydrogen partial pressure differ-
ence created. The effect of a small catalytic activity
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Figure 4 The sensor reponse of a Ru/SrCe0.95Yb0.05O3−α/Pt cell mea-
sured at 500◦C and 5 vol.% CO2 for three consecutive days.

difference is found at 650◦C. The catalytic activity of
Pt for the CO2-reforming of methane increases steeper
with temperature than the activity of Ru [13]. In other
words, with increasing temperature the catalytic activ-
ity difference between Ru and Pt becomes smaller. This
implies that the sensitivity of the sensor will decrease
with temperature, as measured at 650◦C.

Fig. 4 shows the stability of the catalytic asymmetri-
cal methane sensor using SrCe0.95Yb0.05O3−α (SCYb5)
as electrolyte. It is evident that the stability of this sen-
sor system is very poor. Although the sensitivity of the
sensor system is comparable on each day, the absolute
value of the measured EMF at one methane partial pres-
sure changes within one day, which is, of course, not
desirable.

3.2. Chemical stability SrCe0.95Yb0.05O3−α
and CaZr0.9In0.1O3−α

The poor long-term stability of the Ru/SrCe0.95
Yb0.05O3−α/Pt sensor (Fig. 4) is caused by the chemical
instability of the employed electrolyte in CO2 and CH4
containing ambients. Fig. 5 shows the XRD patterns of
SCYb5 after placing this material for ca. 100 hours in
10 vol.% CO2 and 10 vol.% CH4 at 800◦C and 1000◦C,
respectively. For reference the XRD pattern of the ma-

Figure 5 XRD patterns of SrCe0.95Yb0.05O3−α as synthesised and after
testing in 10 vol.% CO2 and 10 vol.% CH4 at 800◦C and 1000◦C,
respectively. The peaks labelled “Al” are due to the aluminium sample
holder.

Figure 6 SEM image of the surface of a CaZr0.9In0.1O3−α (CZI10)
pellet.

Figure 7 XRD patterns of CaZr0.9In0.1O3−α as synthesised and after
testing in 10 vol.% CO2 and 10 vol.% CH4 at 800◦C and 1000◦C,
respectively. All unlabeled peaks are attributed to CaZr0.9In0.1O3−α .
The peaks labelled “Al” are due to the aluminium sample holder.

terial as synthesised is also presented. Rare-earth doped
cerates are reported to be thermodynamically unstable
in CO2 containing ambients [34, 36]. The results pre-
sented in Fig. 5 confirm this. If SCYb5 is placed in an
ambient containing 10 vol.% CO2 and 10 vol.% CH4,
the material reacts to form SrCO3, CeO2, and YbOOH.
This reaction is quite fast, within four days the elec-
trolyte decomposes to form the products mentioned.

To be able to construct a methane sensor that has
a good long-term stability another electrolyte mate-
rial needs to be used. Therefore, SCYb5 is replaced
with CaZr0.9In0.1O3−α (CZI10). This material is known
to be more stable than SCYb5, both chemically and
thermally [34]. The CZI10 material is synthesised
wet-chemically using a peroxo-oxalate complexation
method. A SEM image of the surface of a CZI10 pellet
is given in Fig. 6. The stability of the CZI10 material
is tested in the same way as that of SCYb5, i.e. plac-
ing the material for about 100 hours in 10 vol.% CO2
and 10 vol.% CH4 at 800◦C and 1000◦C. The XRD
patterns of the material after testing and as synthesised
are represented in Fig. 7. It can easily be seen that this
material does not decompose, as does SCYb5. It is,
therefore, assumed that the application of this material
as the electrolyte in the catalytic asymmetrical methane
sensor will result in a more stable response.
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(A)

(B)

Figure 8 SEM images of: A) Surface of the nickel-CZI10 CER-
MET B) Cross-section of the nickel-CZI10 CERMET in contact with
CaZr0.9In0.1O3−α .

3.3. Nickel-CaZr0.9In0.1O3−α
CERMET electrode

To further increase the long-term stability of the sen-
sor system a nickel-CZI10 CERMET has been devel-
oped. Fig. 8a and b show a SEM image of the sur-
face and cross-section of this CERMET. As can be
seen in the SEM images, the CERMET film is highly
porous. There is a continuous network of both the nickel
and the CZI10 particles, resulting in a high electronic
conductivity of the film. The porous structure also
ensures a large gas/electrode/electrolyte three-phase
boundary (tpb) and hence an adequate methane conver-
sion. Furthermore, the use of a CERMET electrode pre-
vents the dispersed Ni particles from sintering during
high-temperature operation. Hence, a good long-term
stability of the electrode is expected, which will also im-
prove the reproducibility of the sensor. The large three-
phase boundary facilitates the electrolyte/electrode in-
terface reaction with hydrogen in order to establish a po-
tential. As a result of both the enhanced conversion and
interfacial reaction efficiency, the sensitivity of the sen-
sor is also increased. In other words, the application of
the nickel-CERMET results in a higher stability and an
improved sensitivity of the sensor. The Ni-CZI10 CER-
MET exhibits excellent adhesion and thermal stability,
as well as a good electrical conductivity. In a reduc-

ing atmosphere of 5 vol.% H2 in argon, the CERMET
film is stable up to eight thermal cycles from room tem-
perature up to 800◦C [10]. After these cycles both the
adhesion and the electrical conductivity of the film have
not markedly changed.

3.4. Sensor characteristics of the
Ni-CZI10/CaZr0.9In0.1O3−α/Pt cell

Fig. 9 shows the sensor response of a Ni-CZI10/
CaZr0.9In0.1O3−α/Pt sensor in a gas mixture of methane
with 5 vol.% CO2 and Ar gas at 500◦C, 600 ◦C,
and 700 ◦C, respectively. At each temperature a
clear increase in the measured EMF with increasing
methane partial pressure is observed. This methane
partial pressure dependence shows the possibility
of the Ni-CZI10/CZI10/Pt sensor to detect methane
in the absence of oxygen as shown above for the
Ru/SrCe0.95Yb0.05O3−α/Pt cell. At 600◦C and 700◦C
a linear sensor response is observed with a sensitivity
of 56 [mV/decade] and 26 [mV/decade], respectively,
while at a temperature of 500◦C the sensor response is
exponential. This temperature dependence is analogous
to the temperature dependence of the Ru/SCYb5/Pt
cell. At 500 ◦C the counter electrode, platinum, has
a low catalytic activity [13,15]. Therefore, the EMF
changes are caused by changes in the catalytic activ-
ity of the ruthenium electrode. Because the activity of
this electrode does not change linearly with increasing
methane partial pressure, a non-linear sensor response
is observed. At 600◦C the activity of the platinum elec-
trode has increased [13,15] and both electrodes now
change their activity with increasing methane partial
pressure, resulting in a linear behaviour of the sensor.
At 700◦C the activity difference between the electrodes
has decreased, due to the higher temperature depen-
dence of the activity of the platinum electrode [13]. A
lower difference in catalytic activity leads to a lower
sensitivity of the sensor as observed at 700◦C.

Because the sensor principle is based on the CO2-
reforming reaction of methane the catalytic methane
sensor has an intrinsic CO2 dependence. Just as an
increase in the methane partial pressure influences
the EMF via reaction (1), an increase in the CO2
concentration will also result in an EMF change.

Figure 9 The measured temperature dependence of a Ni-CZI10/
CaZr0.9In0.1O3−α /Pt cell in 5 vol.% CO2.
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Figure 10 The sensor response at 600 ◦C of a
Ni-CZI10/CaZr0.9In0.1O3−α /Pt cell at different CO2 concentra-
tions. The measured EMF is corrected to a CO2 concentration of
0 vol.%.

Indeed, the sensor reponse has been found to de-
pend on the CO2 concentration. Fortunately, this CO2
dependence is linear. Therefore, it is easy to extrapolate
the measured EMF to a CO2 concentration of 0 vol.%.
This extrapolated EMF is now independent of the CO2
concentration. The response curve, after this correction
has been made, is shown in Fig. 10. Although the empir-
ical correction leads to a uniform and CO2 independent
response curve a more fundamental equation is neces-
sary in order to obtain a more detailed understanding
of the sensing principle. The empirical correction is,
however, extremely useful to show the possibility to
apply the sensor in an atmosphere with a fluctuating
CO2 partial pressure.

The stability and reproducibility of the Ni-CZI10/
CZI10/Pt sensor system in a gas atmosphere with
10 vol.% CO2 at 600◦C is shown in Fig. 11. As can be
seen, the sensor response is very reproducible, i.e. after
960 hours of operation the same EMF is measured as
after working for 480 hours. The increased long-term
stability of the sensor is attributed to both the stability of
the CERMET electrode and the high chemical stability
of the CaZr0.9In0.1O3−α electrolyte in CO2-containing
atmospheres as discussed above.

Figure 11 The sensor response of a Ni-CZI10/CaZr0.9In0.1O3−α /Pt cell
at 500◦C and 10 vol.% CO2 after 20 and 40 days, respectively.

3.5. Combined fuel cell sensor
characteristics of the
Ni-CZI10/CaZr0.9In0.1O3−α/Pt cell

As discussed in the introduction, the catalytic methane
sensor is based on the one-chamber fuel cell design by
Iwaharaet al. [1, 2]. Therefore, it should be possible
to construct an electrochemical device that combines
the sensor and the fuel cell characteristics. Hence, a
fuel cell system can be designed that is able to detect
the fuel concentration in the gas and, therefore, correct
in-situ for fluctuations in the fuel concentration. A Ni-
CZI10/CaZr0.9In0.1O3−α/Pt cell has been tested for this
combination. Fig. 12 shows the I-V characteristics and
power output of this cell at 800◦C and 5 vol.% CO2,
using 50 and 95 vol.% CH4, respectively. The maxi-
mum power output obtained with this fuel cell system
is 0.01 mW· cm−2. It is obvious that this is far too low
for practical application of this system as a fuel cell.
The obtained power output is also two orders of mag-
nitude smaller than that of the first one-chamber fuel
cell as reported by Iwaharaet al. [1]. There are three
possible explanations for the small power output:

(i) A relatively thick electrolyte of about 1 mm
that has been used in this system. Several authors have
shown that the voltage drop during the discharge of a
one-chamber fuel cell based on a proton conducting
electrolyte results mainly from the ohmic resistance of
the electrolyte [1–4]. Hence, an increase in power out-
put is expected when a thinner electrolyte is employed.
One of the techniques that could be used to create a
thin electrolyte layer is Electrostatic Spray Deposition
(ESD). It has been shown that it is possible to apply
ESD to produce thin layers of BaCeO3 [44]. This tech-
nique has also been applied to the production of a one-
chamber fuel cell based on YSZ [45].

(ii) The use of the CO2-reforming of methane (1)
instead of the partial oxidation of methane.

CH4+CO2←→ 2H2+ 2CO

−1G0
1073= 28 kJ·mol−1 (1)

CH4+ 1

2
O2←→ 2H2+CO

−1G0
1073= 218 kJ·mol−1 (4)

Figure 12 Characteristics and power output of the Ni-CZI10/
CaZr0.9InO3−α /Pt cell at 800◦C, 5 vol.% CO2 and 50 vol.% and 95 vol.%
CH4, respectively.
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Figure 13 Power output as a function of the methane partial pressure
and sensor response of the Ni-CZI10/CaZr0.9InO3−α /Pt cell at 800◦C
and 5 vol.% CO2.

The calculated1G of the partial oxidation shows that
this reaction is energetically favourable to the reforming
reaction [14]. Since the potential of the cell is directly
related to the1G of the reaction [8], the use of reaction
(1) leads to a lower power output with respect to a fuel
cell using the partial oxidation of methane.

(iii) The electrode materials chosen. As discussed
before, in the case of a one-chamber fuel cell it is not
necessary for the counter electrode to show catalytic
activity. Hence, a maximum catalytic activity differ-
ence between the two electrodes can be selected. In the
sensor system this is not possible, because the poten-
tial difference is not defined if the counter electrode
is inactive. Because the power output is related to the
difference in catalytic activity between the electrodes,
a lower power density is expected with decreasing cat-
alytic activity difference between the electrodes. There-
fore, to be able to apply this device both as a sensor and
a fuel cell, an electrode combination should be found
that exhibits a maximum difference in catalytic activity,
but where the counter electrode is still active enough to
ensure a sensor response.

Fig. 13 shows the combined fuel cell and sensor char-
acteristics at 800◦C of the Ni-CZI10/CZI10/Pt cell.
This figure shows a linear dependence of the EMF on
the methane partial pressure. Hence, methane detec-
tion using this cell is possible while at the same time
electrical power output can be obtained. However, as
discussed before, further optimisation is required in or-
der to create a sufficient power density.

4. Conclusions
Based on the different catalytic properties of two elec-
trodes a catalytic methane sensor has been developed.
The stability of the sensor depends strongly on the
electrolyte material chosen. The high-temperature per-
ovskite proton conductor SrCe0.95Yb0.05O3−α is shown
to be chemically instable in CO2 and CH4 contain-
ing ambients. Due to this electrolyte instability the
sensor stability of a Ru/SrCe0.95Yb0.05O3−α/Pt cell
is found to be in the order of only one day. An-
other high-temperature perovskite proton conductor,
i.e. CaZr0.9In0.1O3−α (CZI10) has been found to be sta-
ble in CO2 and CH4 containing atmospheres. Applica-

tion of this electrolyte is shown to increase the long-
term stability of the sensor. The long-term stability of
the sensor is further increased by a newly developed Ni-
CERMET electrode based on CZI10. The long-term
stability of a resulting Ni-CZI10/CaZr0.9In0.1O3−α/Pt
sensor is found to be at least 40 days. A linear depen-
dence of the EMF on the applied methane partial pres-
sure is found for both the Ru/SrCe0.95Yb0.05O3−α/Pt
and the CZI10/CaZr0.9In0.1O3−α/Pt sensors at 500◦C
and 600◦C, respectively. Deviations from this linear
behaviour can be explained by the temperature depen-
dence of the catalytic activity of the electrode materials
used.

Because the sensor principle is based on the
one-chamber fuel cell design, the power output of
a Ni-CZI10/CaZr0.9In0.1O3−α/Pt cell is also deter-
mined. The maximum power output of this system is
0.01 mW· cm−2. This low power output is caused by
(a) the relatively thick electrolyte (1 mm), (b) the use
of the CO2-reforming of methane instead of the par-
tial oxidation reaction, and (c) the employed electrode
materials. In order to obtain an electrochemical device
that combines both electrical power and methane detec-
tion different electrode materials should be chosen. The
electrode materials that are required must have a cat-
alytic activity difference that is large, while the counter
electrode should still exhibit a high enough catalytic ac-
tivity to establish a methane partial pressure dependent
EMF.
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