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Change of Three-Phase-Boundary Length of La;_,Sr,MnO;-Yttria Stabilized
Zirconia-Air by Sintering

Hiroshi FUKUNAGA, Chin-ju WEN and Koichi YAMADA
Department of Chemical System Engineering, The University of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo 113-8656

The sintering behavior of La;.,Sr.MnO;(LSM) was studied using porous electrodes of various composi-
tions. Radii of particles at the surface, radii of imprints at the interface, and number of imprints per unit
area were determined by SEM after heat treatment. Grain growth occurred mainly in the initial stage, and
was suppressed by slow mass transfer in the successive stage. The activation energy of grain growth was
calculated to be approximately 400 kJ/mol. The relationship between the particle radii of the bulk electrode
and the length of three-phase-boundary (TPB) at the interface was clarified. The overpotential change due to
sintering over time was estimated using this relationship. It was suggested that porous LSM electrode can
be operated over 100000 h at 800°C without detectable decrease of TPB length.
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Fig. 1. Diagram representing the three-phase-boundary,

(a) cross section of porous LSM on TSZ and (b) top view of YSZ
after the removal of LSM.
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Fig. 2. Experimental steps of the heat treatment of LSM.
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Table 1. Summary of Heat Treatment Data for LSM Electrodes and Pellets

Treatment Treatment time / h
temperature / °C LSM9-1 LSM8-1 LSM6-3 LSM7-3
Electrodes

1150 130,300 130,300 130,300 130,300

1200 4,30,70,200,300  4,30,70,200,300 4,30,70,200,300  4,30,70,200,300

1250 20,50,160,240 20,50,160,240 20,50,160,240 20,50,160,240
Pellets

1100 4,14,80 4,14,80 4,14,80

1200 1,14 4,14,24 1,14

1400 4,8,20 4,8,20 4,8,20
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Fig. 3. SEM images of the surface of porous LSM electrodes after heat treatment for 160 h at 1250°C. (a) LSM8-1, (b) LSM9-1,

(c) LSM6-3, (d) LSM7-3.
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Fig. 4. Effect of heat treatment on particle growth at sintering
temperatures of 1150°C for the examined LSM electrode composi-
tions and 1250°C for LSM8-1.
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Fig. 5. Particle size distributions in LSM6-3 after heat treat-
ment.
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Fig. 6. Rate constant of grain growth versus reciprocal

temperature of LSM electrodes.

Fig. 7. SEM image of the surface of LSM8-1 pellets after sinter-
ing for 14 h at 1200°C.
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Fig. 8. Effect of heat treatment on particle growth at sintering
temperatures of 1100°C for the examined LSM pellet compositions
and 1200°C for LSM8-1.
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Fig. 9. Rate constant of grain growth versus reciprocal
temperature of LSM pellets.

Fig. 10. SEM image of the imprints of LSM on YSZ plane after
the removal of LSM6-3 after heat treatment at 1200°C for 30h.
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Fig. 11. Effect of heat treatment on L., at sintering

temperatures of 1150°C for the examined LSM electrode composi-
tions and 1250°C for LSM8-1. Dotted lines are estimated by Eq.
(2).
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Fig. 12. Effect of heat treatment on N, at sintering temperatures
of 1150°C for the examined LSM electrode compositions and
1250°C for LSM8-1. Dotted lines are estimated by Eq. (3).
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Fig. 15. The relationship between radius of particle at the sur-
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Fig. 16. Cross section of porous LSM6-3 on YSZ after heat treat-
ment at 1200°C for 30h.
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Fig. 17. The relationship between radius of the particle at the in-
terface and radius of its imprint.
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