JOURNAL OF MATERIALS SCIENCE36(2001)1069—- 1076

A novel Ni-CERMET electrode based
on a proton conducting electrolyte

L. N. VAN RIJ

Laboratory for Inorganic Chemistry, Delft University of Technology,
Julianalaan 136, 2628 BL, Delft, The Netherlands

E-mail: L.N.vanRij@tnw.tudelft.nl

J. LE*
Department of Inorganic Materials, East China University of Science and Technology,
Shanghai 200237, People’s Republic China

R. C. VAN LANDSCHOOT, J. SCHOONMAN
Laboratory for Inorganic Chemistry, Delft University of Technology,
Julianalaan 136, 2628 BL, Delft, The Netherlands

Based on the one-chamber fuel cell design by lwahara 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 CO, reforming reaction of methane. The sensor is
based on a high-temperature proton conducting electrolyte, i.e. SrCeqg95Ybg 0503_, Or
CaZryglng103_,. At 500 °C a linear sensor response on the methane partial pressure has
been found for a Ru/SrCeq g5Ybg 050s_, /Pt cell. This cell, however, shows poor long-term
stability. The long-term stability of the Ru/SrCeq 95Ybg 0503_, /Pt cell is improved using a
more stable electrolyte material, i.e. CaZrgglng103_,(CZI10). Further improvement of the
long-term stability of the sensor is achieved using a nickel-CaZrgglng103_, CERMET
(Ni-CZI10) electrode. The sensor response of a Ni-CZI10/CaZrgglng103_,/Pt cell is found to
be linear at 600 °C and 700 °C, respectively. The temperature dependence of both the
Ru/SrCeg.95Ybg 0503_,/Pt and the Ni-CZI10/CaZrgglng 103_,/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/CaZrgglng103_,/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/CaZryglng 103_,/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. © 2001 Kluwer Academic Publishers

1. Introduction activity of the two electrodes used [1, 2]. Later, Riess
In the early nineties Iwahara and Hibino have shownretal. demonstrated theoretically thata measurable EMF
the possibility of a fuel cell system that operates onis obtained if there is a selectivity difference between
a uniform gas mixture of methane and air [1, 2]. Al- two electrodes [8]. Recently, Jak al. have studied
though the fuel cell system did not produce a sufficienthe catalytic properties of electrodes in one-chamber
power density (2.36 mWem2) to be used for gen- fuel cell systems. They show that in an electrochemical
erating electrical power, the system offered the possidevice with two different electrodes the polarity of an
bility to simplify the fuel cell design enormously. In electrode depends on both the counter electrode used
later years, lwahara and Hibino were able to steadilyand the fuel/oxygen ratio in the gas mixture [9]. This
increase the power output of this one-chamber fuel celtonfirms that the working principle of these systems is
system to 170 mWem—2 in 1995 [3, 4]. State-of-the- indeed based on the different catalytic properties of the
art one-chamber fuel cells still do not generate moreemployed electrodes.
than about 200 m\Wem~=2 [5-7]. The different catalytic properties of two materials
Iwaharaet al. have shown that the working principle also lead to a different methane partial pressiee
ofthe one-chamber fuel cellis the difference in catalyticpendenceof a device using two different electrodes.
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Hence, with changing methane partial pressures a diffABO3) with trivalent dopants, like e.g. ytterbium (3):
ferent EMF is observed. Based on this partial pressure
dependence amethane sensor has been developedin our
laboratory, the catalytic asymmetrical methane sensor
[10-12]. It has also been shown that for this sensor i i i i
system the catalytic properties of the electrodes detef?U€ 10 the high protonic conduction of SCYDS, this

mine the sensor response [10]. There is, however on®aterial has found application in various electrochem-

important difference between the catalytic asymmetriiCal devices, i.e. fuel cells [22, 23], hydrogen pumps

cal methane sensor and the one-chamber fuel cell, i.24: 251, (de)hydrogenationreactors [26], and hydrogen
in the one-chamber fuel cell it is necessary to have £ENSOrS [27, 28]. The proton conductivity ofzwconatgs
catalytic activity difference that is as large as possibld!@S been found to be lower than the proton conductiv-
in order to obtain a maximal power output. Hence, thelty Of cerates [29-31]. In-doped CaZghowever, still

counter electrode can even be catalytically inactive. [rNOWS appreciable proton conductivity [32, 33]. The

the sensor application, however, the counter electrodB&in advantage of using Cazg@ the high chemical
should exhibit at leastomecatalytic activity in order to and thermal stability of this material [34] with respect

establish a potential difference that is partial pressurd® doped ACe@ (A=Ba, Sr) [34-36]. Due to this high
dependent. Furthermore, a catalytic activity difference>i@Pility, CaZrQ is a promising candidate as a solid
thatis too large leads to non-linearities, as will be showrf/€Ctrolyte in solid oxide fuel cells and gas sensors
in this article. [37-39].

The detection principle of the catalytic asymmetri-
cal methane sensor is based on the difference in cat- .
alytic activity of two electrodes for the G@eforming ~ 2- Experimental aspects
reaction of methane (1). Via this reforming reaction The electrolyte, SrGgsYboosOs—o (SCYD5), was

methane is converted into hydrogen and carbon monox8ynthesised according to the method described by
ide [13-15]. Iwahara et al. [40, 41]. A calculated mixture of

SrCG; (Fluka Chemica, >98%), CeFluka Chem-
CH, 4+ CO, <« 2H, + 2CO (1) ica, >99%), and ¥%Os (Fluka Chemica, 99.9%) was
prepared. After milling in acetone, this mixture was

Since the catalytic activity of both electrodes is differ- c@lcined at 1‘1100C for 10 hours in air at a heating rate
ent, a different hydrogen partial pressure will be estab®f 5°C-min™=. . ]
lished at both electrodes. This hydrogen partial pres- 1he preparation of CaZrOpowders, doped with
sure difference creates a potential difference across the? Mol % of InO; (CZI10), has been reported in de-

cell which is a measure of the methane concentratioit@il €arlier [42, 43]. The starting materials were indium
(Fig. 1). oxide (99.999% IpO3, Aldrich Chem. Co.), calcium

The sensor is based on a proton conducting elecg@rbonate (Merck>99%), and zirconium oxychlo-
trolyte, which is chosento be either S@eYhos0s ,  Mde€ octahydrate (GR;99% ZrOCh - 8H,0, E. Merck,

(SCYD5) or CaZgglng.10s_q (CZ110). These materials Germany). (I)Z)i-ammonium oxalate monohydrate (GR,
belong to the class of high-temperature perovskite-typ&9-5-101.0% (Ni)2C204 - H20, E. Merck, Germany)
proton conductors and were first discovered by lwahard/aS used as complexing agent. Polyethyleneglycol 200
et al [16-18]. The materials exhibit proton conduction (Merck, pro analyse) was added to the precursor so-
in the presence of water vapour or hydrogen. The pro'—ug'f” as a lerJrfactant (5_"1Vt-%)- The solution of’Ca
ton is incorporated into the lattice to form a hydroxyl In”"» and Z_fl [0.1 mol-I~"] was added dropwise to a
group according to reaction (2) [19-21] dilute alkaline (NH)»C,04 - H,O (Merck, >99%) so-
lution [0.3 mol-1=!] under constant stirring. To en-
H.O Vo L OX 20 2 sure complete complexation an excess of 25 wt.%
20(Q) +Vo+00 — Ho 2) (NH4)2C,04 - H20 relative to the total concentration

The oxygen vacancies are created as charge compeﬂf- cations in the precursor solution was used. The

sation during the doping of the perovskite materialComplexation was achieved at 43 °C and a pH
g ping P of 9.0+ 0.05, which was controlled by continuously

adding a concentrated NBH solution. The resulting
CH,+ CO, 2H,+ CO precipitated complex was calcined at 148D in air
using a platinum crucible.

ABO
Yby03 — 2V4 + Ybs + 305 +3Ve  (3)

k2 The obtained perovskite powders were milled and
Catalytic electrode | /LX' shaped into pellets with a Qiameter of_ 13 mm an_d a
Electrolyte ———— \\V/] thickness of about 1 mm using cold uniaxial pressing.
Couterelectrads il Before pressing the powders a binder (Hoechst wachs
k - C micro binder) was added to the mixture. Finally, the

pellets were sintered in air at 140C for 10 hours
2H,+ CO CH,+ CO, (SCYDb5) or 1550°C/10 hours (CZI10). In both cases
the heating rate used was® - min—1.

In the cell based on SCYb5 ruthenium was chosen
Figure 1 Schematic representation of the catalytic asymmetrical@S the catalytic electrode, because of the high catalytic
methane sensor. activity for the CQ-reforming of methane [13, 15].

ki >>k,
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This metal electrode was deposited using a vacuum - . a 600 °C
evaporation unit. A tungsten crucible was filled with -0.67 = v 650°C
2 mg of ruthenium, and a current of 85 A was ap- I o T T T T o
plied to the crucible for 30 s. The pressure was kept a P, [kPa]
3x 1078 bar. ‘

As counter electrode platinum was used in this cell gig e 3 The  measured  temperature  dependence  of  a
This electrode was deposited using a sputter coateRu/SrCe.esYbgosOs_« /Pt cell in 5 vol.% CQ.
(Edwards Sputter Coater S150B). The electrode was
sputtered in an argon atmosphere for 1.5 min at a pres-
sure of 7 mbar, avoltage of 1 kV, and a current of 20 mA.ture dependence, the opposite is observed and, hence,
To obtain a stable electrode it is necessary to repeat thitie measured EMF is lower. Furthermore, an increase
deposition process four times, with a intermediate heaih temperature leads to an increase in the EMF, accord-
treatment after each deposition at 8@for 10 hours ing to Nernst law. As can be seen, at 5@ a linear
in air. sensor response is obtained. At 45D, however, an
When CZI10 was used as electrolyte material nickelexponential behaviour is found. At temperatures higher
was chosen as catalytic electrode. To obtain a stablghan 500 C, the sensor response levels off, especially at
electrode a nickel-CZI10 CERMET was developed.methane concentrations higher than 5 vol.%. At 850
The Ni-CZI10 porous cermet film has been preparedh linear response curve is found again, but the sensi-
by making a paste using Ni-metal powder, the synthetivity of the sensor at this temperature is much lower
sised CZI10 electrolyte, and a polymer binder (PVC) tothan at 500C. The explanation for this behaviour can
which tetrahydrofuran (THF) was added as a solventbe found in the temperature dependence of the catalytic
This paste was applied to one surface of the electrolytectivity of the used ruthenium and platinum electrodes.
pellet using spin coating. The applied CERMET wasThe exponential behaviour at 430 can be attributed to
subsequently sintered in argon at 1@ As counter  a low catalytic activity of the counter electrode. At low
electrode Pt paste was painted on the Galfh 103, ~ methane partial pressures the catalytic activity of both
electrolyte. After drying at room temperature, a porousmetals is small and this leads to a small EMF. When
conducting Pt film was formed. the partial pressure of methane is increased the most
Scanning Electron Microscope (SEM) images of thesensitive electrode, i.e. the catalytic electrode, starts to
electrolyte and the nickel CERMET were taken usingcatalyse the reforming of methane to hydrogen and an
a Jeol LV 5800 scanning electron microscope. increase in the EMF is observed. This increase is not
The sensor activity was tested in a single-linear, because the catalytic activity of the counter elec-
compartment set-up as depicted in Fig. 2. The exirode is still very small and this electrode is not very
periments were performed at temperatures of 800  sensitive to concentration differences at this tempera-
600°C, and 700C, respectively, in CHCO,/Ar mix-  ture [13].
tures. The methane concentration was varied between At a temperature of 500C, both electrodes show
1.5 and 80 vol.%, while the C{rxoncentration was 5, some catalytic activity towards the G@eforming of
10, 20, or 40 vol.%. The gas flow rate was 25min~!  methane [13]. A linear dependence on the methane par-
in all experiments. 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

3. Results and discussion platinum and ruthenium tchangesn the methane con-
3.1. Sensor characteristics of the centration is the same, only the reaction rate givan
Ru/SrCeg.95Ybg 0503_, /Pt cell methane partial pressure is higher at the Ni-electrode.

The sensor response of a Ru/SgeYboosOs_o/Pt  This result shows that the choice of the counter elec-
cellas afunction of the applied methane partial pressurgode is as important as the catalytic electrode. Both
at different temperatures is shown in Fig. 3. The effectelectrodes should exhibit a catalytic activity that is high
of temperature on the sensor response is not straightfoenough to establish a hydrogen partial pressure. How-
ward. With increasing temperature the catalytic activ-ever, if the difference in catalytic properties between
ity of the electrodes for the C&eforming of methane, the electrodes is too high, the sensor response will not
increases. An increase in the catalytic activity leads tde linear. If, on the other hand, the difference in cat-
a higher hydrogen production and can, therefore, leadlytic activity is too small, the sensitivity of the sensor
to a higher EMF. This higher EMF will only be es- will be poor. In the case of a fully inert counter elec-
tablished if the catalytic electrode shows a larger introde a potential difference will not be established at
crease in catalytic activity than the counter electrodeall, since there is no hydrogen partial pressure differ-
used. If the counter electrode shows a larger temperance created. The effect of a small catalytic activity
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Figure 4 The sensor reponse of a Ru/Sg@eYbg,0503—_, /Pt cell mea-
sured at 500C and 5 vol.% CQ for three consecutive days. Figure 6 SEM image of the surface of a Ca#fing103-, (CZI10)
pellet.

difference is found at 650C. The catalytic activity of r
Pt for the CQ-reforming of methane increases steeper |
with temperature than the activity of Ru [13]. In other | ‘
words, with increasing temperature the catalytic activ-_- o Al Al
ity difference between Ru and Pt becomes smaller. Thi 3 E i | IE o A
implies that the sensitivity of the sensor will decrease r WJE‘MW vt s !ww‘*w P s 1000°C
with temperature, as measured at 660 S | |
Fig. 4 shows the stability of the catalytic asymmetri- | | Lo
cal methane sensor using Sig&Ybg.0503_« (SCYbL5)

Mwwn/ Mstimagnmd]wPsomi s 'wwwj‘l\f\fw‘j.'\w\»—w 800 °C
as electrolyte. It is evident that the stability of this sen- J
sor system is very poor. Although the sensitivity of the | JWL M L-w’

Intensrfy

as synthesxsed

sensor system is comparable on each day, the absolt 30 20 0 70 30

value of the measured EMF at one methane partial pres 29 [o]

sure changes within one day, which is, of course, not

desirable. Figure 7 XRD patterns of CaZglng103_, as synthesised and after

testing in 10 vol.% C@ and 10 vol.% CH at 800°C and 1000C,
respectively. All unlabeled peaks are attributed to GaHrp103—q .
The peaks labelled “Al” are due to the aluminium sample holder.

3.2. Chemical stability SI’CGo_95Yb0_0503_a
and CaZr0,9In0_1 03_0,
The poor long-term stability of the Ru/Sr&®  terial as synthesised is also presented. Rare-earth doped
Ybo 05034 /Ptsensor (Fig. 4) is caused by the chemicalcerates are reported to be thermodynamically unstable
instability of the employed electrolyte in G@nd CH,  in CO, containing ambients [34, 36]. The results pre-
containing ambients. Fig. 5 shows the XRD patterns okented in Fig. 5 confirm this. If SCYb5 is placed in an
SCYb5 after placing this material for ca. 100 hours ingmbient containing 10 vol.% CGCand 10 vol.% CH,
10vol.% CQ and 10vol.% CHat800°C and 1000C,  the material reacts to form SrGOCeG, and YbOOH.
respectively. For reference the XRD pattern of the ma-Thjs 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

) | ’;;2:2329“""’50“ a good long-term stability another electrolyte mate-
5 0 =Ce0, rial needs to be used. Therefore, SCYb5 is replaced
. : i X bl with CaZ 9lng 103_, (CZI110). This material is known
X A2 g AL to be more stable than SCYb5, both chemically and
P bt AV ARE s 1000 2C thermally [34]. The CZI10 material is synthesised

wet-chemically using a peroxo-oxalate complexation

i method. A SEM image of the surface of a CZI10 pellet
ettt . 800 °C is given in Fig. 6. The stability of the CZI10 material

is tested in the same way as that of SCYb5, i.e. plac-

N ARV A SN m.- ad W S

Intensity [a.u.]

W”JL ing the material for about 100 hours in 10 vol.% £0
= vwww s w Mww WWW as synthesised and 10 vol.% CH at 800°C and 1000°C. The XRD

3 40 50 60 70 80 patterns of the material after testing and as synthesised

26 [7] are represented in Fig. 7. It can easily be seen that this

_ _ material does not decompose, as does SCYDb5. It is,
Figure 5 XRD patterns of SrCiesYboosOs—y as synthesised and after o otqre assumed that the application of this material
testing in 10 vol.% C@ and 10 vol.% CH at 800°C and 1000C,
respectively. The peaks labelled “Al” are due to the aluminium sampleaS the electrolyte in the catalytic asymmetrical methane
holder. sensor will result in a more stable response.
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ing atmosphere of 5 vol.% Hn argon, the CERMET
film is stable up to eight thermal cycles from room tem-
perature up to 800C [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/CaZr0,9Ino.1O3_a/Pt cell
Fig. 9 shows the sensor response of a Ni-CZI10/
CaZipglng103_,/Ptsensorin a gas mixture of methane
with 5 vol.% CQ and Ar gas at 500C, 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/SrCe g5Ybg 0503_, /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 50 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
(8) is observed. At 600C the activity of the platinum elec-
Figure 8 SEM images of: A) Surface of the nickel-CZI10 CER- trode has Increa.s.ed [1.3’1.5] and .bOth electrodes I'POW
MET B) Cross-section of the nickel-CZI10 CERMET in contact with change their aC_“V't}’ Wlth mcreasmg_ methane partial
CaZiolng 103 4. 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

To further increase the long-term stability of the Sen_sensmvny of the sensor as opseryed at 700

sor system a nickel-CZI110 CERMET has been devel- Becz_ause the sensor principle is based on the-CO
oped. Fig. 8a and b show a SEM image of the Sur_reformmg reaction .of _methane the catalytic methane
face and cross-section of this CERMET. As can be 20" ha}s an intrinsic QOjependence. Just as an
seen in the SEM images, the CERMET film is highly I}ESESI\S}I?: ln_;hgargﬁéfrl]a?le) p:rr]t"?:]c?g;sszur.ﬁ Lﬂguznoces
porous. There is a continuous network of both the nicke via reactl » antl :

and the CZI10 particles, resulting in a high eIectronicconcentratlon will-also result in an EMF change.
conductivity of the film. The porous structure also

ensures a large gas/electrode/electrolyte three-phase

boundary (tpb) and hence an adequate methane conve ! '
sion. Furthermore, the use ofa CERMET electrode pre 140
vents the dispersed Ni particles from sintering during— 159
high-temperature operation. Hence, a good long-terng
stability of the electrode is expected, which will alsoim- .,
prove the reproducibility of the sensor. The large three= 80
phase boundary facilitates the electrolyte/electrode in™

terface reaction with hydrogenin orderto establisha po

3.3. NickeI-CaZro,glno.1O3_a
CERMET electrode

100

Bl
”‘/.,,—'
,/).‘/V
/. // /
. . —m—500°C

40

| R PR N B BE% N S B R R L R R
L}

tential. As a result of both the enhanced conversion an N ~® - 600°C
interfacial reaction efficiency, the sensitivity ofthe sen- 20}  * —A-—700°C
sor is also increased. In other words, the applicationo | 9 10,000 100,000
the nickel-CERMET results in a higher stability and an P oy [Pa]

4

improved sensitivity of the sensor. The Ni-CZ110 CER-
MET exhibits excellent ac_ihesmn and _thermal stability,rigure 9 The measured temperature dependence of a Ni-CZI10/
as well as a good electrical conductivity. In a reduc-Cazyglng10s_./Pt cell in 5 vol.% CQ.

1073



0 3.5. Combined fuel cell sensor

= 5% CO, D .
140 | ® 10%CO, characteristics of the
: ﬁgfyﬂ? 882 3 ./d“/ Ni-CZ110/CaZrg glng 103_,/Pt cell
120{ ——2—==2 2 A As discussed in the introduction, the catalytic methane
B i sensor is based on the one-chamber fuel cell design by
E Iwaharaet al. [1, 2]. Therefore, it should be possible
E 80 - to construct an electrochemical device that combines
m the sensor and the fuel cell characteristics. Hence, a
601 fuel cell system can be designed that is able to detect
40 | the fuel concentration in the gas and, therefore, correct

in-situ for fluctuations in the fuel concentration. A Ni-

CZI10/CaZp glng 105_,/Pt cell has been tested for this

combination. Fig. 12 shows the I-V characteristics and

Pcn, [Pa] power output of this cell at 800C and 5 vol.% CQ,
using 50 and 95 vol.% CH respectively. The maxi-

Figure 10 The  sensor response at 600°C of a  mym power output obtained with this fuel cell system

E‘"Cz'lo/cazbg'”04103*“’ Pt cell at diferent CQ@ concentra- o 01 M. cm2. It is obvious that this is far too low

ions. The measured EMF is corrected to aj Céncentration of . : . )

0 v0l.%. 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

Indeed, the sensor reponse has been found to déell as reported by Iwahat al. [1]. There are three

pend on the C@concentration. Fortunately, this GO Possible explanations for the small power output:

dependence is linear. Therefore, itis easy to extrapolate

the measured EMF to a G@oncentration of 0 vol.%. (i) A relatively thick electrolyte of about 1 mm

This extrapolated EMF is now independent of the,CO that has been used in this system. Several authors have

concentration. The response curve, after this correctioahown that the voltage drop during the discharge of a

has been made, is shown in Fig. 10. Although the empirone-chamber fuel cell based on a proton conducting

ical correction leads to a uniform and g@dependent  electrolyte results mainly from the ohmic resistance of
response curve a more fundamental equation is necethe electrolyte [1-4]. Hence, an increase in power out-
sary in order to obtain a more detailed understandingput is expected when a thinner electrolyte is employed.

of the sensing principle. The empirical correction is,One of the techniques that could be used to create a

however, extremely useful to show the possibility tothin electrolyte layer is Electrostatic Spray Deposition

apply the sensor in an atmosphere with a fluctuatindESD). It has been shown that it is possible to apply

CO; partial pressure. ESD to produce thin layers of BaCe{4]. This tech-

The stability and reproducibility of the Ni-CZ110/ nique has also been applied to the production of a one-

CZI10/Pt sensor system in a gas atmosphere witishamber fuel cell based on YSZ [45].

10 vol.% CQ at 600°C is shown in Fig. 11. Ascanbe (i) The use of the C@reforming of methane (1)

seen, the sensor response is very reproducible, i.e. aftérstead of the partial oxidation of methane.

960 hours of operation the same EMF is measured as

after working for 480 hours. The increased long-term CHz+ COy, «— 2H, +2CO

stability of the sensor is attributed to both the stability of

20 4 T T T
1,000 10,000 100,000

J— 0 e . _l
the CERMET electrode and the high chemical stability AGig73 = 28 kJ-mol @
of the CaZpglng103_, electrolyte in CQ-containing 1
atmospheres as discussed above. CHy + E02 <«~— 2H,+CO
140 - = after20days l
A after 40 days
120+ 4001 A {0.010 2
> — N\ £
Eiool = 3001 \\ 40.008 §
E E ! lo.006 &
= 80 - o 2001 \\ g
g) S 10.004 F
60 | S 1004 e\ £
> / LAY 10.002 &
it J = 95vol.% CH, =4 =
— 01 # 4 50vol.% CH, 10.000
1,000 10,000 100,000 0 20 40 60 80 100
I[pA]

P ey, [Pal
Figure 12 Characteristics and power output of the Ni-CZI110/

Figure 11 The sensor response of a Ni-CZ110/Cgglng.1 O3, /Pt cell CaZpglnOz_,/Ptcellat 800°C, 5vol.% CQ and 50 vol.% and 95 vol.%
at 500°C and 10 vol.% CQ@ after 20 and 40 days, respectively. CHy, respectively.
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400 Lo 010 tion of this electrolyte is shown to increase the long-
. : term stability of the sensor. The long-term stability of
3501 //’/ L0008 o  thesensorisfurtherincreased by a newly developed Ni-
> 3004 /./f' 3 E CERMET electrode based on CZI10. The long-term
g e N 0.006 —  stability of a resulting Ni-CZ110/CaZklng10s_,/Pt
sy 220 Y4 Z sensor is found to be at least 40 days. A linear depen-
E 200 < [0:004 % dence of the EMF on the applied methane partial pres-
_— // L0.002 2 sure is found for both the Ru/Srg&Ybg 0503 /Pt
“ - and the CZI10/Cazglng 103, /Pt sensors at 500C
100 0.000 and 600°C, respectively. Deviations from this linear

b 109 behaviour can be explained by the temperature depen-
dence of the catalytic activity of the electrode materials
Figure 13 Power output as a function of the methane partial pressurelised.

and sensor response of the Ni-CZ110/CgenO3_, /Pt cell at 800°C Because the sensor principle is based on the
and 5 vol.% CQ. one-chamber fuel cell design, the power output of
a Ni-CZI10/CaZpglng103_,/Pt cell is also deter-
mined. The maximum power output of this system is

\ o . -~ 0.01 mW- cm~2. This low power output is caused b
thisreactionis energetically favourable to the reformlng(a) the relatively thick eIecF:)tronte (1pmm) (b) the usye

reaction [14]. Since the potential of the cell is directly . )

related to theA G of the reaction [8], the use of reaction ggltgiiga%c;e:ce)ggir;gn Oggi'giﬂi g]r?ltelide%f é?:ctpr)gge

(1) leads to a lower power output with respect to a fuel : P ployed .
materials. In order to obtain an electrochemical device

cell using the partial oxidation of methane. Cihat combines both electrical power and methane detec-

Py, [Pa]

The calculated\ G of the partial oxidation shows that

(iii) The electrode materials chosen. As discusse

before, in the case of a one-chamber fuel cell it is no

necessary for the counter electrode to show catalytiglec.tmdef T“at?“a's that are required must have a cat-
activity. Hence, a maximum catalytic activity differ- alytic act|V|tyd|ffergnce tha}t IS Iarge, while the counter
f I%ectrode should still exhibit a high enough catalytic ac-

sensor system this is not possible, because the pote Vity to establish a methane partial pressure dependent

tial difference is not defined if the counter electrode MF.
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4. Conclusions
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