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Abstract

The cathode material La,SLCuQ;_s (x=0.15, 0.2, 0.3, 0.4) was synthesized by a sol-gel method. X-ray diffraction revealed it to
form a single phase of perovskite. The investigation of the electrical properties suggested, #sa 4GuO; ; has the highest electrical
conductivity. La 7Srh3CuQ;_s has better electrochemical properties thapdS 4Co0;_s. When using LaSr sCuQ;_s as cathode based
on SDC electrolyte one can obtain higher current density and power density at intermediate temperatures.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction LSM has shown promising performance for SOFCs oper-
ating at temperatures above 8@) its performance de-
Because of lower operating temperature, the intermediatecreases rapidly as the operating temperature decreases.
temperature solid oxide electrolyte fuel cells (IT-SOFCs) ex- Considerable research interest is, therefore, currently di-
tends the range of material selection for electrodes, reducegected towards cobalt-containing perovskite oxides, which
the cost of production and application, and improves the sta-tend to exhibit higher ionic conductivities than LSM
bility and reliability when the SOFCs system has to work for due to a greater concentration of oxygen vacancies
a long-period of time. Recently, reduction of operating tem- [6-8].
perature can be achieved either by thinning the electrolyte, or  Investigation suggested that lanthanum copper oxide with
by using highly conductive electrolyte, such as doped ceriasthe addition of divalent Sr ions is a oxygen deficient per-
[1-3]. At the same time, it is important to develop a cath- ovskite. However, all investigations relating to this material
ode material that can adapted to the intermediate temperawere concentrated on its superconducting behavior and found
ture electrolyte and has high conductivity and low cathodic it has excellent electrical conductivifg—11]. Recently, it
polarization at intermediate temperature so that it can reducewas reported that this material also has the capability of
the power loss by ohmic resistance and cathodic polarizationcatalytic oxidation12]. Above all, this material is consid-
[4]. ered to be a possible cathode adapted to IT-STEG]}s In
La;_xSKMnO3 perovskite (LSM) is regarded as one this paper, the cathode materials;LgSiCuOs_s (x=0.15,
of the most promising cathode materials for SOFCs be- 0.2, 0.3, 0.4) were synthesized by a sol-gel method, and
cause of its high thermal and chemical stabi[B}y. While the high temperature electrical conductivity was measured.
The cathodic overpotential with SDC (StCey.8501.925)
electrolyte and the single cell performance based on SDC
* Corresponding author. Tel.: +86 431 4642385; fax: +86 431 4638392, €lectrolyte and a 65% NiO/SDC anode was also mea-
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2. Experiment 3. Results and discussion

2.1. Preparation of the samples 3.1 Results of XRD
Fig. 1 shows the XRD patterns of kaSry 3CuOs_s Sin-
LagxSKCuOz_5 (x=0.15, 0.2, 0.3, 0.4) was prepared by tered in air at different temperatures for 12 h. When sintered
asol-gelmethod. Stoichiometricamounts 0§08 (99.99%,  at700°C, the La 7Sr.3CuQOs_s perovskite structure was ob-
heated at800C for 6 h), Sr(NQ)2 (99.5%) and CuO (99.0%)  served, but some impurity phases also existed. When the sam-
were dissolved in concentrated nitric acid (65—68%), then cit- p|e was sintered at 90, Lag 7Sy sCuOs_s was formed as
ric acid (99.8%) was added as solid in amolar ratio 1:1.2 with 5 Sing|e phase perovskite structure.
the metallic ions; distilled water was added. Then the solu-
tion was stirred, heated slowly to form a glutinous colloid. 3.2, Electrical conductivity
The colloid was then dried, ground and sintered at@Débr
12h. The sintered powders were subsequently cold-pressed |n Fig. 2, the electrical conductivity of Sr-doped lan-
at 250 MPa, as discs about 13 mm in diameter and 1.5 mMthanum copper oxide, LaySKCuOz_s (x=0.15, 0.2, 0.3,
thick, and sintered in air at the desired temperature for 12 h. 0 4) is plotted as a function of Sr addition, the electrical con-
Electrical conductivity was measured by using these sam- ductivity of Lag ¢St 4C0Os_s is also shown as compared to
ples. La;_xSKCuQOs_s (x=0.15, 0.2, 0.3, 0.4), the samples were
Using starting materials of Cend SmOs, the prepa-  all sintered in air at 900C for 12 h. In the composition range
ration of the electrolyte SpnsCep 8501.925 (SDC) powders  x=0.15-0.3, the electrical conductivity increased with in-
was also made by the sol-gel method. Powders prepared bytreasing Sr addition. lggySrpsCuOs_s shows the highest
the same process as above were sintered in air atX2l00 electrical conductivitys =850 S/cm at 800C. It is higher
for 10 h, and subsequently cold-pressed at 250 MPa, as discshan the electrical conductivity of kaSr 4Co0s_s at the
about 13mm in diameter and 1 mm thick, and sintered in same temperature. The increment of the electric conduc-
air at 1400C for 10h, resulting in the electrolyte sub- tivity of the Sr-doped lanthanum copper oxide can be ex-
strate. The cathode powders mixed with binders of glyc- plained by the small polaron conduction mechanjdm.
erine were painted on the SDC substrate, sintered in air However, forx= 0.4, the electrical conductivity is lower than
at 850°C for 6 h, used to measure the cathodic overpoten- in Lag 7Srp 3CuOs_s, the reason may be that the amount of

tial. Sris larger than the limit of the solid solution.
The anode material NiO/SDC was prepared using the

glycin-nitrate method. Ni(N€)2-6H20 (98.0%) was dis- 3.3, Cathodic polarization

solved in distilled water to form an aqueous solution, to which

glycin (99%, 1.2 mol glycin per mol Nt) was added in the Selecting La7SrpsCuOs_s which has the highest
solid state. Then, the solution was slowly heated until self- electrical conductivity, its electrochemical properties
combustion of the precipitates. Homogeneous powders werewere researched further. With SDC as electrolyte and
obtained and mixed with SDC (35 wt.%). The NiO/SDC pow- Lag 7S 3Cu0s_; as cathode, the cathodic overpotential

ders were mixed with binders of glycerine and painted onthe was measured by a three-electrode current-interruption
SDC substrate and sintered in air at 1380for 6 h. The

cathode material was painted on the other side of the SDC
substrate and sintered in air at 8%Dfor 6 h. At last, a sin-

gle cell was made by connecting the materials. Usingsl wise
fuel gas and air as oxidant, the single cell performance was
tested.
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2.2. Properties measures of the samples soo%e

s
The crystal structure and phase purity were mea- A WVJ\N

sured by X-ray diffraction (XRD) (Rigaku-D-Max Ra sys-
tem, with Cu Kx radiation operated at 12 kW). Elec- /‘

trical conductivity was measured by using the four- \ | r [ ;\
point dc technique. Cathodic overpotential was measured M\M W

in a Solartron Sl 1287 electrochemical interface mea- W“JUU e
suring apparatus using a current-interruption technique. (2o 30 40 50 &4
The single cell performance was tested in a Solartron 26(°)

Sl 1287 electrochemical interface measuring apparatus
too. Fig. 1. X-ray diffraction patterns of lgg;/Srp 3CuQO3_;.
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