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Operating Conditions of a Single-Chamber SOFC
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Single-chamber cells of two different types have been operated between 700 and 800°C in various methane-air mixtures. These
cells are made mostly of conventional materials for solid oxide fuel ¢d&BFC3, strontium-doped lanthanum manganite,
yttria-stabilized zirconidYSZ), and Ni-YSZ cermet. One type is electrolyte-supported, while the other represents a state-of-the-art
fabrication for anode-supported cells. The anode-supported cells operate in a narrower range of methane-air ratios, but offer
remarkable maximum specific powers, 360 and 285 m\&/atrB00 and 700°C, respectively. Some theoretical considerations
about the actual operation of these cells are also provided.
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The idea of a single chamber fuel cell was suggested severagberimental details from previous studies still need further clarifica-
decades ago by Eyrawet al based on some initial experimental tion. The present study pays close attention to the experimental con-
evidence at room temperature. This promising concept was furtheflitions and to some of the questions raised above.
investigated by van Godl.But it was only quite recently that a
single-chamber fuel cell based on solid oxide materials and a
methane-air mixture was developed to deliver a significant cufrent. ~ Thermodynamically speaking, the methane/air mixture is essen-
This first cell operated at 950°C with a 8YSZ electroly®% mol tially unstable. It would normally be rapidly brought up to the cell at
Y,04-Zr0y), a gold cathode, and a nickel cermet anode; it deliveredh'gh temperature in Fig. 1 before any significant reaction occurs.
a maximum power of 2.4 mW/ch Hibino and coworkefsalso ~ When the methane-to-oxygen ratRy, équals 2, as for most early
demonstrated the feasibility of an alternate design with both elec-EXPeriments on the single chamber SOFC;’the sole reaction that
trodes on the same side of the solid electrolyte, a design alread)‘ﬁ?IISO avoids carbon deposition is
suggested within the literatuf€. Since then, most cell improve- 1
ments have resulted either from a surface modification of the elec- CH, + 502 — CO + 2H, [1]
trolyte or from further modifications of both electrode compositions.
Asano and lwahara obtained a maximum specific power of 50

ngxgcnf by Gpéetreg(t;_ng t'\f;lelr \gSZthe_Iecl:_tronte It\; grml_g:\]/l 2|g|t|al the production of synthetic gas. In regard to the single-chamber fuel
;501 layer” By adding MnQ to their LSt MnO; ( ) cell, Reaction 1 is expected to occur heterogeneously upon the cer-

cathode, substituting 8YSZ by g45d, 0, o (GDC20 within their  met surface. It should then act as a hydrogen provider for the anode
cermet anode, and still maintaining a methane-to-oxygen ratiojnterface with the electrolyte. The electrochemical reaction at this
Rumix.» equal to two, Hibino and coworkérincreased their cell per- interface then is

formance to 162 mWi/cfat 950°C. Their most remarkable cell

performance, however, was recently obtained at 580#@h a H, + O — H,0 + 2e (2]
maximum specific power equal to 644 mWFknSuch a perfor-

mance was attributed to various contributive factéiisthe addition ~ Meanwhile, the cathode is mostly sensitive to the oxygen compo-
of PdO to the anode,ii() the change of previous cell materials to Nent- The oxygen would react directly with the cathode as
SMysShhsCo0;  (SSC50, Smy Le 019 (SDC20 and Ni- 1

30%SDC20 for the cathode, the electrolyte and the anode, respec- -0, + 2e — O [3]

. ) : 2

tively, (iii) a change oR,, down to one and, finally,i¢) the use

of a much thinner electrolyte. The latter cell performance makes theI
single-chamber solid oxide fuel cell a promising avenue for new cell
designs that should lead to practical applications.

Meanwhile, a first attemptto reproduce the initial results from
Hibino and coworkers failed in reporting better performances.
However, cell performances approaching those of Hibino and
coworker$ were recently reported, taking into account the use of
rather conventional cell materials and a lower nominal operating CO+ 0°° — CO, + 2e [4]
temperaturé® On the other hand, the concept of the single-chamber

fuel cell has attracted new theoretical work in relation with solid However, according to Appleby, this electrochemical reaction
oxide fuel cells(SOFC$.""""° Despite the attractiveness of such a obeys a much slower kinetics than Reaction 2, the former reaction
concept, several questions remain to be addressed to make it fullyith hydrogen being basically prevalent in high-temperature fuel
practical. One of these is the actual behavior of an unstable gascells. With mixtures aR,,, < 2, the question also arises about the
mixture upon the electrodes and the actual mechanisms impliegroportions between the various reaction products, water vapor, car-
therein. The efficiency that could eventually be reached is anothebon monoxide and carbon dioxide adding to the initial reactants and
important consideration with this type of cell. Moreover, some ex- hydrogen. Several chemical reactions may be written that interrelate
the formation of these products, but no full chemical equilibrium is
expected while the single-chamber cell needs the mixture to stay out
* Electrochemical Society Active Member. of equilibrium for a voltage to be produced. Nonetheless, starting
2 E-mail: teko.napporn@polymtl.ca from the voltage generated under open-circuit conditi@hs, it is

Theory

This partial oxidation reaction is important on a general basis for

ncidentally, drawing an electrical current at an initial value of
Rmix = 2 makes the mixture globally richer in methane because of
the additional oxygen consumption due to Reaction 3RAs be-
comes smaller than 2g., for mixtures initially richer in oxygen, the
formation of carbon dioxide is expected. One additional electro-
chemical reaction may then need to be considered at the anode
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Figure 1. Simplified schematic of a single-chamber solid oxide fuel cell. T
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still possible to describe the oxygen partial pressure existing at eacFigure 2. High-temperature set-up and gas flow path around the single-
electrode interface with the electrolyte. The usual equation for anchamber cell.
oxygen concentration cell thus reads

Eo = (RTI4F)IN[(Po2)c/(Po2)al [5]

whereF, R, and T stand for the Faraday constant, the molar gas state-of-the-art procedufé,the composition in terms of weight ra-
constant, and the absolute temperature, respectively,@y.(@nd  tios being basically 55% nickel oxide/45% YSZ. Slurries of both
(Po2)a are the oxygen partial pressures prevailing at the cathode andlectrodes are tape casted onto the electrolyte to form thin coatings.
the anode, respectively. At the cathode, the oxygen partial pressurBiring at 1250°C fo 3 h results in electrode layers approximately
is equal or somewhat smaller than the initial oxygen concentration1 0—20m thick with electrode areas of approximatelyx88 mm
within the reactive mixture. In a methane-air mixture, this leads tojn sjze. Lg Sr Fey,MnogOs (LSFM22 and Lg St sMnO;
values of Po,)c < 0.17-0.13 atm foR,, between 1 and 2. (LSM50) have been alternatively used for the cathode. In addition,
thicker anode-supported cells have been commercially provided by
lnDEC B.V.. These latter cells represent a state-of-the-art fabrication
or using in conventional SOFCs. They are nominally made of

Cell efficiency—The cell efficiency is normally understood as
the useful power generated by a specific cell with respect to the fue
input, specifying low or high heat values for the fuel. Such a defi- . . )
nition is more specifically useful for a fully integrated system and Ni-YSZ/8YSZ/La, SYMNO, W'th Iay_er thlck_nesses not greater than
may include some type of cogeneration. For the rather nonconven®00: 10, and 6Qum, respectively. Ni-YSZ is very close to the cer-
tional single-chamber fuel cell, a more limited approach has recentlyMet composition above and (La,)BINO; has a composition very
been put forward considering Eq. 4 as the prevailing reaction at the close to LSM20. Coupons of the right size were cut out and tested in
anode aR,,, = 1 and then dividing the maximum specific power ©U' experimental set-up in the same manner as the above electrolyte-

drawn from the cell,P. by the total heat rate due to such a supported cells.

reaction. Approximately the same result would have been obtained Set-up—Special attention was paid to the gas flow around the
without making that assumption about Eg. 4 just by considering thecells and to the actual current collection. Details of our experimental
various reaction enthalpies R, = 1. Whether water vapor, car- set-up are described in Fig. 2 which departs from the basic descrip-
bon monoxide, or carbon dioxide, or any combination of these, aretion found elsewher&’-8A sample holder machined out of a Macor
favored, full oxygen consumption &, = 1 does not lead to a block is used to specifically constrain the methane/air mixture di-
large variation of the overall heat of reactiaYH ... For example,  rectly around the sample; nitrogen acting as a blanket additionally
at 800°C,AH ., ranges from—270 to —305 Kjoules/mole of CH flows at about 700 sccritm®/min STP. This ensures that no coun-
depending upon the proportions between the various reactiorierdiffusion occurs and that the incoming reactive mixture is rapidly
productst® Thus, for a preliminary evaluation of the single-chamber flushed away passed the sample holder. The outer and inner quartz

fuel cell, one may use the following relationship for the fuel utili- tubes have inner diameters equal to 37 and 10.5 mm, respectively.
zation (F.U.) factor The cell is pressed between two gold meshes and the gas mixture

allowed to flow on both sides. Bare platinum meshes and wires are

F.U. = Prax/AH eact (6] totally avoided due to the platinum high catalytic activity in regard
to methane. Instead, gold wires and meshes are used within the cell

where AH ., represents the enthalpy of reaction for the overall chamber. To let the gas flow freely and uniformly around the cells,
reaction corresponding to full oxygen consumption from the mixture teeth are equally machined out on both parts of the sample holder.
at the undergoindR,y value, andP,,, is the corresponding power These teeth are also regularly spaced in a quincunx fashion. To fully
drawn from the cell with the gas mixture passing only once through€nsure a good electrical contact, a thick impervious gold pattern is
the cell compartment. It is clear for the single-chamber cell that thescreen printed on each electrode starting from a laser-cut stencil
best fuel utilization can only occur at the maximum specific power. With slots 0.10 mm wide and a gold paste Heraeus C5450. Taking
Also, any unburned oxygen contributes in lowering the fuel utiliza- this pattern into account leads to an effective electrode area of about

tion factor. Finally, a higheR, ., value up to 2 may favor a higher 0.50 cnf. The cermet is initially reduced at 800°C afty = 2

fuel utilization factor due to a correspondingly low&H ... But immediately before operating the cells at various temperatures and
this would be valuable only if the remaining unburned fuel is use- Rmix values. The inner gas mixture normally flows at 350 sccm STP.
fully recycled. Polarization curves are established stepwise with an active current
sink and the voltage is monitored through the reference wires exiting
Experimental from the cell.

Fabrication—Conventional SOFC materials related to those in Temperature monitoring—-Due to the ongoing chemical reac-
Ref. 7 are used for the main cell components. Thgg6g ,MnO; tions, the actual cell temperature may be at variance with its nominal
powders for the cathode have been supplied by Praxair and, alternaperating temperature. The furnace temperature is controlled
tively, by NexTech. The 0.20 mm thick 8YSZ electrolyte has been through a thermocoupl@ C 1) outside the outer silica tube and it is
provided by Performance Ceramics. The cermet slurry consisting ofilso monitored with a second thermocoufI€ 2) placed into the
a Tosoh TZ-8Y powder, ball-milled with a fine NiO powder from Macor sample holdefFig. 2). To more closely evaluate purely cata-
Baker (nickelous oxide no. 2796-0lis prepared according to a lytic effects within the single-chamber cell, overheating was fol-
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200 . T . . . T . . Results

Overtemperatures—Platinum exerts a strong effect upon the true
cell temperature as suspected above and as shown in FigT 3.
represents the difference between the actual sample temperature and
the furnace temperaturd.T is larger at the loweR,,, value equal
to one in accordance with a potentially greater oxygen consumption.
A more or less linear increase of temperature also occurs with in-
creasing gas flow. With platinum, the upper limit upon the gas flow
- is dictated here by the need not to exceed a certain sample tempera-
ture to maintain full integrity of our samples and complete revers-
ibility of the results. Overtemperatures are slightly more important
at 700°C. This is probably due to less effective radiative heat losses
50 L ] ) ] of the sample with the environment, including the sample holder, at

Blank YSZ + Pt mesh on one side this lower furnace temperature. The temperature rise at any tempera-
ture is almost instantaneous and it looks very much like an ignition
process. As opposed to platinum, blank samples overheat negligibly
at all gas flows up to and including 800°C. This again holds when a
gold mesh is applied to a blank sample, justifying then the exclusive
use of gold as a current collector within the present study. A certain
amount of overheating is found for cermet anodes in Fig. 4a al-
Figure 3. Overheating of blank YSZ platelets at various furnace tempera- though much smaller than for platinum. The tendency for increasing
tures either with or without an added platinum mesh. Filled symbols standovertemperatures with increasing gas flow is maintained. In contrast
for Ryix = 1 and empty symbols foRp, = 2. to platinum, R,x = 2 leads to a somewhat greater effect than
Rmix = 1. It may be indicative of distinct oxidative reactions going
on upon the cermet surface as compared to platinum. Overheating

. . . due to cathodes in Fig. 4b is smaller than for cermets although not
lowed independently for various cell components under flowing totally negligible

methane/air mixtures. Various samples were prepared starting from
11 X 11 X 0.2 mm YSZ platelets as follows. Electrolyte-supported cells-The performance of a typical cell

A fine guage thermocouple, .003 in. in diameter type R, waswith a LSM20 cathode is illustrated in Fig. 5. Immediately follow-
totally embedded on one side of the platelets by means of a lighing the initial cermet reduction, this cell exhibits an open circuit
coating of YSZ-based cement. The wires further exited through avoltage(OCV) exceeding 1.02 V, a short-circuit current close to 400
thin alumina capillary also coated with the YSZ-base cement tomA/cn? and a maximum specific power equal to 85 mWicithe
protect the thermocouple from any direct contact with the flowing OCV varies only slightly in the next polarization curves at lower
methane/air mixture. The other side of the YSZ platelets was eithetemperature. But the short-circuit current diminishes significantly
left blanked, covered with a & 8 mm gold or platinun{Aesar no.  although a short-circuit current close to 200 mAfcoan still be
10283 or equiy. mesh, or, finally, with a cathodic or an anodic drawn at 700°C. The last curve, back at 800°C, comes out from the
coating of equivalent size. After placing the sample within the same cell afte3 h of operation and an intermediate cool down in
sample holder, the actual platelet temperature was directly followedbure nitrogen to room temperature. There has been an obvious per-
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Figure 4. Overheating of YSZ platelets at various furnace temperatures eitheayithsingle cermet otb) a single cathode coating.
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Figure 5. Typical polarization curves from an electrolyte-supported cell current density (mascm®
with a L&, Sty ,MnO; cathode and a 55Ni-45YSZ anode at 800°C, 350 sscm
andR,x = 2. Figure 7. Successive polarization curves from an electrolyte-supported cell

with a L&, gSry ,MnO; cathode and a 55Ni-45YSZ anode at 800°C and vari-
ous Ry ratios.

supported cells performed best immediately following initial cermet
reduction. The maximum specific power and the short-circuit current
are the most affected properties with time in contradistinction with ) )
the OCV which varies only slightly. Despite this aging phenomenon, Rmix iS lowered and drops abruptly &, reaches 0.5. The data in
additional useful observations could still be drawn from fresh cellsParentheses indicate that these are not yet fully stabilized at this
made out of different cathode materials, in Fig. 6. LSMF22 behavedatter value which also corresponds to the theoretical full stoichio-
much like LSM20. The LSM50 cathode exhibits poor polarization Mmetric combustion of the methane-air mixture. Rt = 0.5 and
properties, but this is attributed to a denser electrode because thielow, the cell operation should become severely limited by an
material sinters much more easily than LSM20 during cell fabrica- €ventual cermet reoxidation. The normal operating range of the cells
tion. Note also the lower values &, in Fig. 6, R, = 1 repre- should stand between 05 R, < 2. Additional data are provided
senting a minimum for a satisfactory operation of these cells. HigheraboveR, = 2 mainly to document the actual cell behavior. Vari-
values ofR,, have been tested on a single cell in Fig. 7 up to 0US polarizati_on curves were drawn _for an anode-supported cgll in
Ryix = 5 with still a significant current drawn from that cell. The Fig- 9. There is drastic improvement in performances in comparison
last curve atR,;, = 2 is again significant of the ageing process to the electrolyte-supported cell from Fig. 5._ The maximum current
already mentioned above. to be drawn from the anode-supported cell is also highly dependent
upon the magnitude of the gas flow. It increases very significantly
Anode-supported cells-Figure 8 describes the effect &,y from 410 mA/cnf at 150 sccm to above 1.0 A/émat 350 sccm and
uponEg, the OCV of the anode-supported celg, reaches a maxi- Ry, = 0.88.
mum value in the vicinity oR,, = 2. It then slowly decreases as
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Figure 6. Initial polarization curves at 800°C from various electrolyte- Figure 8. Open voltage values as a function of the methane-to-oxygen ratio
supported cells with different cathode compositions By ratios. for three different anode-supported cells at 800°C.
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At Ry = 2, under 350 scerfFig. 103, the specific power den- & S
sity is about 280 mW/cknat 800°C. In Fig. 10b, a comparison of the & - 250 §
cell performances is made for two different temperatures. The maxi-g E
mum specific power achieved at 800°C reaches 360 m\Aenile S H200 %
the cell still performs satisfactorily at 700°C with a maximum spe- £ S
cific power of about 290 mWi/cfn The specific power aRpy [ <150 3
= 2 at 800°C is still quite close to the preceding value of 360 g k=
mWi/cn? but higher than for electrolyte supported cells. Aging oc- 2@ - 100 ;’-’.
curs at a much slower rate with this latter type of cell, thereby
allowing full characterization of all cell operating parameters with- 450
out any major difficulty. In Fig. 11, the OCV is shown not to evolve
significantly with time. When a constant current load equal to 600 29 " 1 1 0
mA/cn?, fairly close to the maximum specific power available, is 0 20 00 600 3002 000 200
applied, the voltage drops by about 20% after 15 h of test duration. Current density (mA/cm’)
Discussion (b)

Overtemperatures—Based on the results from the blank Figure 10. (a) Polarization curve of an anode-supported cell with
samples, no significant methane combustion within the present exBmix = 2 under 350 sccm and at 800°@) Effect of temperature upon
perimental set-up takes place before the methane-air mixture reach@§!arization and specific power of an anode-supported cell at 350 &gm.
the cell chamber. Any temperature rise would come from the pres-£duals 1.0 and 0.88 at 700 and 800°C, respectively.
ence of catalytic components being parts of the actual cells. In the
case of Hibino and coworkers, the additional use of platinum makes
their so-called cell operating temperatures somewhat dubious. Thesany dead volume, a constant mixture flow, the relatively small gas
temperatures should be considered, as here, as preset furnace teguantities involved, and the presence of a nitrogen purge. That per-
peratures with the additional effect of platinum. One of their most mitted us to investigate the fuR,,, range indicated above without
recent papers is accordingly on the temperature rise close to certaiany major difficulties. On the other hand, a full application of the
cells® Platinum has been shown elsewH8rand here to have by single-chamber SOFC would have to take the above parameters into
far the largest effect upon expected cell temperatures. For this latteconsideration and, most probably, new intrinsically safe designs.
material, our own overtemperature measurements are in agreement
with those from these authotIn addition, they do indicate that no
large departures from preset temperatures are expected for our o
cells at 800°C and even more evidentially at 700°C.

Fuel cell performances-The best cell performances within the
whyesent study were achieved with the anode-supported cells. A good
indication of the cell morphology is to be found in the technical data
of INDEC B.V. for their so-called ASC-LSM cell. The corresponding

Operating range and safety limits-No useful reactions are ex- state-of-the-art fabrication does not imply exotic materials, but
pected outside the range 05 R, =< 2. This range corresponds to rather the use of gradated layers for both electrodes, a very thin YSZ
methane concentrations of 12.8 to 29 vol % in air. Studying this full electrolyte layer and the incorporation of YSZ particles into the
range as done here is mainly useful to more completely documentcathode close to the interface. A comparison is made in Table |
the actual cell behavior. Nonetheless, there is no doubt that cautiohetween our results, no. 6 and 7, and those previously obtained by
should be exerted while handling such mixtures. The explosivity Hibino and coworkers with platinum collectors at the anodes, no. 1
limits of methane-air mixtures have already been discussed byto 5. Our electrolyte-supported cells compare favorably with the
Hibino et al??in regard to single-chamber fuel cells. At room tem- cells in no. 1, made out of approximately the same materials, if the
perature, the unsafe region would stand between 5 and 15 vol %lifference in furnace temperature is taken into account. It has been
methane in air and this region widens as temperature is increased. Imentioned before that the addition of 15 wt % Mnid cells 2 and
our own set-up, one should note, among other means, the lack a8 could provide an additional catalytic efféathough it is far more
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the same cell fabrication in a two-chamber configur&tion com-
parison with a value of 285 W/chobtained within this study. Until
now, however, the fuel utilization for the single-chamber cell still
remains quite low. Use is made of Eq. 6 and the various parameters
accompanying Hibino’s cell no. 5 in Table I; methane-air mixture at
300 sscm andR,, = 1, electrode area equal to 0.63Trlthough
there is some uncertainty upon the actual cell operating temperature,
that does not significantly affed&tH ., and, thus, the resulting fig-
ure. One ends then with a fuel utilization factor equal to 3.6%. That
figure can eventually be almost doubled by a more efficient use of
the mixture flow on the cathode side.
. In improving cell performances, other factors beside cell materi-
als require closer attention. Current collection is one of these. An-
other important factor relates to the actual flow path of the incoming
4 mixture around the cell including electrode surface areas and mix-
ture recycling. As to aging of our electrolyte-supported cells, several
factors could contribute to that effect. One is carbon deposition.
However, these cells do not seem to degrade more rapidly at higher
Rnix values while carbon has not been evidenced yet on any of
them. Another factor would be post-sintering of the nickel contained
within the cermet initially reduced at 800°C with a corresponding
Figure 11. Aging of an anode-supported cell at 800°C at OCV and under a "eduction of its specific surface. Such a process would be initially
constant current load equal to 600 mA%IR,,;, = 2 and gas flow equal to ~ Very active and would slow down progressively with time. Finally, it
350 scem. can also be speculated that electrode poisoning of the nickel elec-
trode occurs through the surface diffusion of gold coming out from
the current collector. This is to be understood quite differently from
obvious that it creates a diphasic material and that it accordinglythe cell degradation at 900°C already attributed to the melting of a
modifies the cathode morphology upon sintering. The anode-gold-nickel eutectic? If nickel poisoning by gold was to be active,
supported cells should be compared to no. 4 and 5 made out fronf would be expected to work much more slowly with much thicker
more exotic electrode and electrolyte materials and having platinunnodes pertaining to the anode-supported cells. In fact, such thicker
collectors. The anode-supported cells compare quite favorably wittRnodes offer far better resistance to aging. Distinct diffusivities be-
cell no. 4. Cell no. 5 still delivers unsurpassed performances. PdO iflween the various gaseous species towards the anode/electrolyte in-
cell no. 5 was mentioned to promote methane partial oxiddtibis terface may also act differently in the case of thicker electrodes. All
also most probable that it adds to the methane oxidation promotiorfactors above are presently under study for further improvement of
by platinum to strongly modify the actual operating temperature ofthe single-chamber cells with special attention being given to chemi-
this latter cell. cal analysis of the exiting gases.
Within the working range of the cells, the OCE, tends to
increase with an increase Ry, and also with a decrease in tem-
perature. This stands for all the cells mentioned in Table I. For the  gpecial care has been taken within this study to the gas flow

electrolyte-supported cell$Z, reaches a maximum of 1.0 V at around single-chamber cells and to current collection. The electro-
Rmix = 2. According to Eg. 5, this would also correspond at 800°C |yte and anode-supported cells, made mostly of conventional mate-
to an oxygen partial pressure roughly equal to ®0atm at the rials, have been tested under methane-to-oxygen ratios ranging from
anode/electrolyte interface, thus to poorly buffered conditions at thatabout 0.6 to 5.0 and temperatures between 700 and 800°C. Within
interface. As soon as a current is drawn, the so-formed productshe present study, true cell operating temperatures should not depart
initially induce a more rapid change ip§,), and, a consequently widely from nominal furnace temperatures, in contradistinction to
more rapid voltage drop. As far as specific power is concerned, itcells utilizing catalytically active noble metals. Large short-circuit
seems that the anode-supported cells work as well within the singleeurrents could be drawn from these cells, especially in the case of
chamber as within the conventional two-chamber configuration. Athe anode-supported cells. These cells also had by far the highest
maximum specific power of 270 mW/cénat 700°C is reported for ~maximum specific power, reaching 360 mW/cat 800°C. Aging is
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Table 1. Various single-chamber cell performances in methane-air mixtures.(Percentages are given per weight and GDC20 stands for
Cey ¢Gdy ,0,; the other notations are as defined.

LK Pmax IV:0 EO
No. (°C) Rimix Electrolyte Anode Cathode (mW/cm) (mA/cm) V) Ref.
1 950 1 8YSz Ni-8YSZ LSM20 121 550 0.80 7
2 950 1 8YSz Ni- LSM20 162 780 0.83 7
25%GDC20 +15% MnG,
3 950 1 8YSz Ni- LSM20 213 1170 0.85 19
dipped into 25%GDC20 +15% MnG,
(MnNO3),
4 700 1 LSGM Ni-10% SSC50 355 n.a. 0.92 20
SDC20
5 550 1 SDC20 Ni-30%SDC20 SSC50 644 n.a. 0.90 8
+1%PdO
6 800 2 8YSz 55% NiO- LSM20 85 380 1.0 10,
8YSz This study
7 800 .88 8YSz NiO-YSZ (La, SHMnO, 360 1200 0.86 This study
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mostly acute for the electrolyte-supported cells. Ways of interpreting 8. T. Hibino, A. Hashimoto, M. Yano, M. Suzuki, S. Yoshida, and M. Sahclec-
the various undergoing phenomena in unstable methane-air mixtures trochem. Soc.149 A133(2002.

have been suggested. Ways of improving the present cell efficiency® I"()'ﬂ?é”ﬂﬁi‘?é’é‘éi%@% M. Ishikawa, K. Yamaji, and H. Yokokagajid State

are also Currently enwsaged. 10. T. W. Napporn, F. Morin, and M. MeunigElectrochem. Solid-State Let?, A60
(2004.
ACkn0W|edgmentS 11. 1. Riess, P. J. van der Put, and J. SchoonrBatid State lonics82, 1 (1995.
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