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Abstract

World-wide a number of activities are concerned with the optimisation and development of cell materials and microstructures with th
aim of reducing the solid oxide fuel cell (SOFC) operating temperature. Advantages for reduced operating temperatures are considere
be longer life time and reduced costs of the total system. Conventional zirconia based electrolyte cells with highly optimised electrod
have produced 500 mA/chat 700 mV and 80TC. At a similar temperature and cell potential, small scale, co-fired, electrode supported
thin-electrolyte cells have produced 700 mAfciRor SOFC operation at temperatures below°@sthe conventional 8 mol% X0;—ZrO,
electrolyte is replaced with either §#5d, 10195 (LOGCO) or Lg ¢Sty 1:Ga sMgo0; (LSGM) electrolytes. Up-scaled 1010 cnf or 12 cm
circular 10GCO and LSGM cells have been manufactured and the initial results of cell tests are very prami®i8§. Elsevier Science
S.A.
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1. Introduction 2. Operating temperature regimes

A solid oxide fuel cell (SOFC) consists of a dense zirco-  From the point of efficiency, state-of-the-art SOFC sys-
nia membrane and porous electrodes (Fig. 1). The anode is @aems are normally operated in the temperature regime of
Ni-zirconia cermet, whereas the cathode is mostly a Sr- 850—-1000C. Primary drivers for lowering the operating
doped lanthanum manganate. At the standard operatingtemperature of SOFCs towards or below 85Qwithout
temperature of SOFC of 1000, direct internal reforming  losing the DIR characteristics) are: (1) to get an optimum
(DIR) of natural gas and other gaseous hydro-carbons trade-off between performance and life time of the stack and
directly takes place on the anode structure of the cell. (2) to reduce the overall system cost. In Fig. 2 possible
In addition, carbon monoxide is a fuel, not an electro- market applications for SOFCs and other fuel cell types
catalyst poison, for SOFC, in contrast to its behaviour are given vs. the operating temperature range of the differ-
for some low temperature fuel cells. In order to obtain rea- ent fuel cell types. In this diagram different product/market
listic power generating devices, cells are series connectedcombinations can be distinguished and the need for low-
into stacks and developments in SOFC are currently con- ering the operating temperature, i.e. optimising the balance
centrating on tubular stack concepts without metallic com- between performance and life time of the stack, is strongly
ponents and flat plate concepts with metallic separator dependent on the stack concept (product) and the applica-
plates. Likely entry markets for SOFC are: (1) distributed tion (market). The scenarios envisaged for SOFC are: (1) an
cogeneration (several 100 kWe to several MWe) with the operating regime at relatively high temperatures (850—
option of SOFC being a topping cycle in a combined system 100C0C), e.g. for commercial and industrial cogeneration
with a gas turbine and (2) micro combined heat and power with or without a combination of a gas turbine (GT), (2)
(CHP). an intermediate temperature regime (650—<75&.g. micro
CHP application) for SOFC with use of commercially avail-
able, cost effective ferritic steels [1] in the stack/system and
(3) potential use of SOFC in mobile applications [2] at high
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Fig. 1. Schematic picture of the operating principles of an SOFC. Note the
direct internal reforming of Cllon the anode electrode. Fig. 3. Schematic picture of a biporous layer electrode, which in this case
is a cathode layer.

or intermediate temperatures down to 350depending on

the nature of the transport application. oxygen vacancies. The second layer on top of the electro-
chemically active layer consists of the standard cathode
material. This layer is primarily for current collection and

3. Conventional planar cells with reduced temperature gas distribution. In addition, the use of alternative dopants

operation for zirconia, e.g. scandium replacing yttrium is being con-
sidered.

The optimisation of electrode materials for the conven-  The performance of conventional high temperature cells,
tional high temperature cells, incorporating yttria stabilised with highly optimised electrode structures has been evalu-
zirconia (YSZ) electrolytes has been ongoing for a number ated at operation temperatures of between 750 anéi(@50
of years. At 950C, typical single cell performances, in Fig. 4 shows that the conventional type cell yields a current
Al,O;5 cell housings with platinum current collectors and density of around 600 mA/chat 700 mV at 856C with 3%
humidified H as fuel and air as the oxidant are in excess fuel utilisation and about 300 mA/chat conditions of 50%
of 1 Alcn? at 700 mV. Work regarding electrode optimisa-  fuel utilisation. As a result of the continuing improvement in
tion has been focused on the development of cathode mate-the performance of SOFC electrodes, it now seems possible
rials for use in air and the development of anode materials to run conventional self-supported YSZ electrolyte cells in
for long term stability under hydrogen as well as under planar stacks with metallic separator plates at temperatures
methane/steam mixtures. Activities are concentrating on between 850 and 98Q and obtain acceptable current den-
the development of so called ‘biporous layer’ electrodes sities [4].

(Fig. 3) [3]. In such a biporous layer electrode the layer
adjacent to the electrolyte is called the electrochemically
active layer and consists of a mixture of electrolyte and 4. Alternative cell concepts and manufacturing routes
electrode particles showing conductivity of electrons and
As the operation temperature is reduced, the ohmic loss

1000 800 600 400 200 0% Toperation (°C) of the electrplyte can become very c_onsiderable. A number
] of groups within the SOFC community are therefore work-
é i é Comm+ It ?ng on the devglopment of alternative ﬂat-plate cell concepts
g g . A in which the thickness of the conventional YSZ electrolyte

PAFE EEFC is reduced to around 20—40n. At these thicknesses it is

considered [1] that self supporting zirconia electrolytes can
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Fig. 2. Possible market applications of SOFCs and other fuel cell types vs. > F U=50% \ \ \
the current or envisaged operating temperature regime. Also indicated is 0,7 . =
the capability of direct internal reforming of Glén the anode. For SOFC r 850°C 950°C
operation at temperatures below 860 direct reforming of methanol has 0.6
0,00 0,25 0,50 0,756 1,00

been envisaged. For molten carbonate fuel cells (MCFC) direct internal . 2
reforming requires the use of additional Ni catalyst in the anode compart- Current density (A/cm”)

ment. For phosphoric acid (PAFC) and polymer electrolyte fuel cells Fig. 4.1-V characteristics typical of operating a conventional high tem-
(PEFC) external reformers are required. GT, gas turbine; BU/BOIL, con- perature cell at temperatures of 850 and“@&(Fuel utilisation at 50% by
ventional burner/boiler system. simulated gas mixture.
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Table 1

Power densities measured from cells manufactured by alternative routes, using electrode supported structures and/or co-firing steps

Electrolyte  Sintering Prax 800CC  Remarks

(um) steps (Wicn?)
University of California [5] 10 3 2.0 Small circular samples 3%anode supported
Research Centre’lich [6] 15 3 0.4 2-cell stack (1& 10 cnf), anode supported
Allied Signal [7] 5-10 2 0.65 2-cell stack (1010 cnf), anode supported, co-fired
University of Utah [8] 10 2 0.5 4-cell stack (65 cnf); anode supported, co-fired
Netherlands Energy Research Foundation ECN 30 1 0.6 Small circular samplés iitegrated cell structure

made by co-firing

no longer be used. Therefore ceramic cells with alternative, 10GCO cells in the Sulzer HEXIS concept at 700as a
high oxygen ion conducting electrolytes and/or with elec- function of operation time. Fig. 6 shows examples of up-
trode supported thin electrolytes are being developed. Thesescaled, 12 cm diameter 10GCO electrolyte cells manufac-
developments are particularly important for use in flat plate tured at ECN. In order to reduce the risk of cracking during
SOFC reactors. In Table 1 examples of cell testing results stack build-up and during reduction of the anode, these cells
for cells manufactured by alternative routes [5—8] are pre- currently have electrolyte thicknesses in the region of 200—
sented. 220 um.
Itis well known that the disadvantage of using of the ceria
based electrolytes is the relatively small width of the elec-
5. Alternative cell materials trolytic domain boundary. Arguments have been made to
show that when operated close to maximum power densi-
Alternative cell materials are being considered in order to ties, the loss of efficiency due to reduction of the ceria
drive stack operation temperatures down to the point where electrolyte is marginal [10]. There remains the fact how-
the expensive high Cr alloys currently used for the metallic ever, that under open circuit conditions there is a very sig-
parts of planar SOFC stacks can be replaced with cheapnificant electronic leakage current resulting both in lattice
ferritic stainless steels. @g5dy 10; 05 (LOGCO) electrolyte expansion of the electrolyte and fuel utilisation. One possi-
cells have been under development now for a number of ble solution to this problem may be the use of (La,Sr)(Mg,-
years [9]. It has been demonstrated that 5 cnt cells, Ga)Q; based electrolytes. Reports have shown that certain
with 115 um thick 10GCO electrolytes, @St Feys. compositions within this system have some of the highest
Coy0; (LSCF) cathodes and conventional type anodes oxygen ion conductivities ever reported and that the width
can deliver maximum power densities in excess of 200 of the electrolyte domain boundary is sufficiently large to
mW/cn? at temperatures as low as 6@0 Operating such  use such electrolytes in SOFC systems [11,12]. Small scale
cells at 700C results in maximum power densities of (5x5 cnf) and up-scaled (12 cm diameter) gs8r 1.
around 500 mW/crh Also, up-scaling of cell dimensions  Ga, gMg, 05 (LSGM) electrolyte cells are also being eval-
and incorporating cells in the designs of international stack uated and may become an alternative candidate for the ceria
developers has been shown. Fig. 5 shows the performance obased electrolytes. Fig. 7 shows the results of a test in which

- the performance of a 8 5 cn? cell with a 200um thick
P
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Fig. 5. 1=V characteristics as a function of operation time of a 150
thick, Ce ¢Gdy 10, 95 electrolyte and LgsSr 4/ ¢C0y O3 cathode cell at
700°C operated on reformed natural gas with Sulzer Hexis current collec-
tors. Note, the low open cell voltage due to the electrical short circuiting
through the electrolyte and in part to the presence of, Githe anode Fig. 6. Examples of up-scaled, 12 cm diameteg §Gekh 10, g5 (LOGCO)
side. electrolyte cells manufactured at ECN.
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19 : : 12 cm diameter and 18 10 cnf, Ce ¢GdyO;05 and
Cathode : LagSrg 4F€05C0020s Lag oSty .1Gay gMgop .03 electrolyte cells are routinely manu-
Anode : Ni-CepgGdyOres |1 factured and the performance of these cells in real stack
— \\ Fuel : Hy /3 % H,0 conditions is being evaluated at present at, e.g. Sulzer
% 10 N Oxidant : Air 1 HEXIS and Siemens. However, the relatively recent devel-
> ™ Utilisation : 3 % i opments in these alternative materials have to compete with
S Size: 5 x 5 cm? currently existing know-how for standard materials which is
2038 relying on several tens of years of experience.
3 \
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