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Microstructure and Impedance Analysis of La0.6Sr0.4Co0.2Fe0.8O3−δ for Solid

Oxide Fuel Cell Cathode
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Abstract: Composite perovskite oxides La1−xSrxCo1−yFeyO3−δ (LSCF) is an optional cathode ma-

terial for the intermediate temperature solid oxide fuel cells. La0.6Sr0.4Co0.2Fe0.8O3−δ powders were

synthesized by a citrate method. The effects of the precursor solution pH value and the calcining tem-

perature on the phase structure of the LSCF powders were investigated by X-ray diffraction. Besides,

the impacts of the precursor solution pH value and sintering temperature on the morphology and im-

pedance characteristics of the LSCF sintered bodies were studied by SEM, AC impedance analysis,

respectively. The alternate-current impedances of the LSCF sintered bodies were analysized based on

the Voigt-type equivalent circuit model. The results show that the LSCF sintered body has the lowest

impedance in the condition that the precursor solution pH is 4, the calcination temperature is 900◦C,

and the sintering temperature is 1400◦C for 2h, respectively.
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�jV� Mineshige 	 [12] 2`?+1�
La0.6Sr0.4Co0.2Fe0.8O3−δ 8�+�
Q��* - �*}�$=�W�}�ur 100S·cm−1. Qj�
La0.6Sr0.4Co0.2Fe0.8O3−δ GvVb SOFC S 8��2`��
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La0.6Sr0.4Co0.2Fe0.8O3−δ (LSCF) v<G�"[dGwB pH 
}��g�"WV�!b�X�O!�9r�0	y2`�[dGwB pH 
!�Eg�"�EG℄jE_}3pB$�X��
2 �:
2.1 ;�LG<\C)4.[dGwB.��S 8�<G�L La(NO3)3·6H2O (99%)�Sr(NO3)2 (99.5%)�
Co(NO3)3·6H2O (99%)} Fe(NO3)3·9H2O(95.8%),�Io La0.6Sr0.4Co0.2Fe0.8O3 ��,%
#Se�U�L(�4.�wgf�*,��9-+yC)4}J(e�W�/L(�*lC)4�8&#b 1:2, C)4lJ(e�8&#b 1:3, ��<�hu���4+yE�b 15% ��, (NH3·H2O)�BwB� pH 
�''<� 1∼2h, ��[dGwB�7[dGwB5y 80◦C ,p��g 8h, 120◦C|�KVD:� 350◦C |GfJ(e}C)4�<��KD:y 800∼1000◦C |�� 2h. Yx���<Gy 300MPa |-�V φ11mm �rL�0y
1370∼1430◦C |�E�<��EG27Hl��A��T� �\gB
W�,$=�
2.2 u
KIE5�℄*

<G}�EG��E_<\ X ��5�G
(XRD, D8 Advance, Brucker, Holland) B��Kx
ScherrerZ� d = βLλ/Bsinθb6<G�U�^p�W��B bYx%��5�??x�B2 = B2

M−B2
S,

BM b�B����?x� BS bwUn<9;N��?x�E_Q* βL=0.9. <\{.�*�℄\
(SEM, Hitachi S-3500N, Tokyo, Japan)jD<G�r��#!�EG��-℄jE_��EG�3pB$<\W+3p9rG (Agilent 4294A, California,

USA) B��M�2_b 100Hz∼10MHz.
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Fig. 1 XRD patterns (a) and (110) reflections of

LSCF powders from precursor solution with different

pH values��{ pH 
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Fig. 2 XRD patterns of LSCF powders calcined at

different temperatures
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Fig. 3 Effects of calcination temperature on the

lattice parameter and grain size of LSCF powders
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Fig. 4 Effect of pH value for pre-

cursor solution on the morphology

of LSCF sintered bodies
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Fig. 5 Effect of the precursor solution pH value on the

impedance of the LSCF sintered body
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Fig. 6 Voigt-type equivalent circuit for LSCF sintered
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Table 1 Effect of the precursor solution pH values

on the resistance of grain and of boundary for

LSCF sintered bodies

pH value Rgb/Ω·cm Rgr/Ω·cm Rgb/Rgr

1 16.0 1.5 10.7

3 4.6 2.5 1.84

4 2.2 2.3 0.96

6 4.3 12.4 0.35

8 17.1 12.5 1.37

Q 7 �Df�! LSCF �DF�D^�W�
Fig. 7 Effect of the sintering temperature on the

phase structure of LSCF sintered bodiesX0�`APe Sr2FeO4 C℄��~m (JSPDS 82-

0414).P 8�1L~Ce��~CE}[�!� SEM�K	^Pt1�z~Ce�` 1370◦C 
�~CEIq~?O�*��S�)n�y�xq<hC~S�-H	z~Ce�|	~ 1400 ◦C 
�RkqthC~47S��xs47�S�-H1<Wg7'	$~Ce�&&|	~ 1430◦C 
�)�U47S�W�_&���)/x~C
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�̂ ei
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Table 2 Resistance of grain and of boundary for

LSCF sintered bodies sintered at different

temperatures

Sintering
Rgb/Ω·cm Rgr/Ω·cm Rgb/Rgr

Temperature/◦C

1370 9.1 2.0 4.6

1400 2.2 2.3 9.6

1430 10.4 2.2 4.7

Q 8 2Mf��D� LSCF �DF� SEM �"
Fig. 8 SEM morphologies of the LSCF bodies sintered at different temperatures

(a) 1370 ◦C; (b) 1400 ◦C; (c) 1430 ◦C
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Fig. 9 Effect of the sintering temperature on the

impedance of LSCF sintered bodies
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