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of energy crises and global wanning dernand to dcvelop environmentally benign and cost-
power sources, c.9., anode-supported planar solid oxide fuel cells (AS-SOFCs). The AS-SOFC

simple ccll dcsign and clcctrical power of multi-rncga Watt I I ]. Thc particular advantagc of the AS-
is the potential to reducc the operating tcmperature of the SOFC to -500-800oC via decreasing the
yte thickness to -10 pun. Thc low temperature operation reduccs not only the challenges regarding

ials' compatibility but also the manufacturing cost by using rclativcly inexpensive mctal
for inter-connector, currcnt collector, hcat cxchangcr and structure components.

tape-casting followed by cofiring is applicd, in gcncral, for rcducing thc manufacturing cost of

[2,3]. Thc tape-casting offcrs low-cost and largc-scalc manufacturing with large area and
. Howcvcr, manufacturing rvith high prccision, rcproducibility, and tapes of rnicron-thickness

typical challcngcs to solve. The cofiring rcduccs the proccssing timc and cost of manufacturing.
er, it results in a cambcr with curvaturc (lt) duc to thc diffcrential shrinkagc (Aa) of thc laycrs.
asymmetric laminate consisting of laycrs I and 2, thc ratc of change of nonlalized curvature can

as [4],

& stands for the thickncss of a lavcr and r for the radius of cuwature of the cofircd sarnnlc. In
the layer thickncss ratio (rn) : ht/ ht and elastic constant ratio (n) : [nr/(l-vr)l/ [qy'(1-v2)],

q denotcs thc viscosity of a layer and v corresponds to its Poisson's ratio. The cquation ( I ) infers
m, n and Le are the crucial parameters to control the curvature of a sample. This also indicates

sample can be made completcly flat (curvaturc : 0) by setting up the differential shrinkage to zero
values of rr and n.

the present paper, the flatncss of an asymrnctric (NiO-Ces eGde 1O1 qs)/ Cco qGdo.rOr.s: multi-layers
flor the first time. The flatness is quantificd by the maximum hcight of the camber of the

sample. Thc CeoeGdo.rOr.ns (CGO) is used as a solid clcctrolytc bccause of its sufficiently high
conductivity at -500-600oC. The NiO and CeoeGdorOrq-s with 401 60 volume ratio is used as an
Various proccssing parametcrs, such as thc larnination stmcture, use of sacrificial layers (Al:Or,

Y2O3, and ZrO) and hcating ratc, are str"rdicd. Thc samplc thickncss is kept nearly 550 pnn with thc
(i1) to anode (ft:) thickncss ratio (lr) of -0.033 for rcducing thc rnatcrials cost, and staft up and

offtime of the dcvicc.

mental procedurc

ercially-availablc chcmicals wcrc utilizcd to prcparc thc slury of sacrificial layers, elcctrolyte
for the tapc-casting. For cxample, CGO (surface area -6.5 tn'g-', particlc sizc -0.3 pm, Anan

iCo. Ltd., Japan) was uscd as a solid loading for the clcctrolytc. For the anode, the solid loading

( 1 )
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Structural, Thermal and Electrical Properties of a Perovskite-type
System, Laj.75Sr6.zs Mno.ss-*Co*Ni6.ssOr*o
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l. Introduction

Solid oxide fuel cell (SOFC) is one of the most attractive power generating

internal reforming of hydrocarbon fuels, low level of pollutants, high cnergy conversion

and electrical power of multi-mega Watt. However, the high manufacturing cost and

related to materials' compatibility demand to reduce the high operational temperature (

intermediate-temperature range, 600-800'C. This requires a highly catalytic active

material for replacing the conventional poor catalytic active cathode, La1-,Sr,MnOl*o [,2].
A number of cathode materials has been investigated in the past utilizing high

conductivity and/ or catalytic activity of Sr2* doped LaM'O3-6 (M' : Fe, Co or Ni) [2],
LSM exhibited electrical conductivity less than that of the pure LSM [3-5]. The dopingof

Fe2* increased and decreased the coefficient of thermal expansion of LSM, respectively [4].
doping did not alter the coefficient of thermal expansion of LSM significantly [5].

In the present paper, an effect of co-doping of Cor and Nir' in Mn-site of a

composition of the LSM, Lan 75Sro.zs MnO:*6 is reported for IT-SOFC application via

phase evolution, structure, oxygen stoichiometry thermal expansion, morphology, elechical

and reactivity.

2. Experimental Procedure

LaxT5Srs25Mnoqs-,,CoNioosOr*a (0.1 < x < 0.3) is prepared by the Pechini method I
lanthanum (III) acetate hydrate (99.9%), strontium acetate hydrate (97%), manganese @
tetralrydrate (99%), cobalt (II) acetate tetrahydrate (99%) and nickel (II) acetate tetrahydratc

Metal salts were dissolved in distilled water under stirring. Ethylene glycol (C2H6O2,99%)

acid (CoHsO7,99.5o/o) were added drop-wise under stirring. The solution was continuously
-80'C to obtain polymeric resin. The resin was dried at -150'C for 8 h to remove the

then pre-calcined at -450'C for I h to burn out organic components and finally calcined at -

for 2 h to produce ceramic oxide in powder form.

The X-ray diffraction (XRD) patterns of the films were obtained by X-ray di

(PANalytical, model X'Pert Pro, Netherlands) using Cu Ko radiation. A Micromeritics

(Accupye 1330, USA) was used for measuring the density (p*) of the powder sample.

thermal analysis-thermo gravimetry (DTA-TG) was carried on the powder sample by a

TG-DTA unit (TGA-92, France). Thermal expansion was recorded using a MAC Science
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