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La0.85Sr0.15Cr0.9Ni0.1O3−δ-Ce0.8Sm0.2O1.9 Q9 SOFCH�|!�E�afb�hed�
`j�hkf�igl
(_TW[^XUSY\℄VZ�XU 200050)L J	 
b^O3:�QQdnW' La0.85Sr0.15Cr0.9Ni0.1O3−δ(LSCN) rSQe:a3*`q) SOFC �D-)^#&��Z9�& Pechini }*> LSCN, 'Æ_%! 1:1 tW[QzB8 Ce0.8Sm0.2O1.9(SDC) rS�D-)�v 1500◦C �W�h 12h /� LSCN 0 SDC �HkjY YSZ u	��B�lq�^rh��Qz SDC 5F>��D^kX0�U).
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1 KFr*mDsT�^F~^!_|mL$Mv "Z!EK_�f�G�Rf<Ufe�';b4+asTr*� SOFC h&/X7r*mD_qR(�P��A℄q:�'_�F.*T Ni-YSZ(Y2O3 stabilized ZrO2). 8~,�_mY1�P4;��I1 YSZ mkZ#%_a�4�sx��pz�W�';br*�� Ni-YSZ �F,x�8	;<B�YVmD�{ [1∼3]. 	E
�Rf?;b4+ar*℄�'_�F.*�w?T SOFC |C_���Y℄��M 20 �P 70 IS���7; LaCrO3 {�wsT�^"f�.*$'/ SOFC. 8_(�?/~,�_mkmY�?r*mD�s[�f_\n�)1mD4Z_4�sx��qr,t�5(7; LaCrO3 sT�F.*_�G [4∼6], |l�e+.*~,�n_P4;�)#%_�;<B�G�V*/XP4;�d
��FF4dR��wO[�dJ4/7;_ CeO2 ?55[�℄~,mk - �k9+Ym� [7,8], G�wTMa_g4~,d�_P4;� [9∼11]. >/���/� [E$ Pechini~+?( La0.85Sr0.15Cr0.9Ni0.1O3−δ(LSCN),X℄R{sa`&_C9J Ce0.8Sm0.2O1.9(SDC) sT�F.*�(wR{ SDC ℄0�F_a�4��Z)m4�;�q�("d�
2 /G{�/' Pechini �~X� LSCN 	A [12]. �4�N&"=& La2O3 � SrCO3 � NiO, '�1	-*
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1122 ^ ? - ) � � 21 �&Kx1wk0RZ Cr(NO3)3 _)w�℄�b��:�u�%w�℄R{ 1.5 �o#�k&_J71�)�{J�Rsb��?w_�(O�RsRU|	mr� Gmr0_7s�e?0/ 1200◦C u��℄Z_ LSCN 	Aw X �qÆ��bonsp?�6℄_ LSCN	A1"%<BT 4.47m2/g_C9J SDC(Rare-chem)	A< YSZ(Tosoh)	A�`&" 1:1 9+�:0�? 1500◦C fu� 12h. �' XRD UIR� LSCN 1 SDC <
YSZ PU_4�sx��\�:9+_ LSCN-SDC 	A) LSCN 	A? 200MPa f�
? φ5mm×20mm _6e�\�
6eRf? NETZSCH s�b� (DIL 402PC) �
YU 1350◦C 1�X�i 5jq
,�,��
6ew 1500◦C�Y�i 12h0��'R.,<I~1�X? 600∼850◦CYs�RE�? H2 < CH4 [�℄_mY1�\ LSCN < LSCN-SDC 1�&,�wM9+�:�+N"(/.sT 0.8mm _ YSZ mkZ�N�w 1350◦C �i 3h 0sT�F��'~tk~ [13] 1�(? H2 ) CH4 ℄_F4�T�T(�T0�mF)wmF?TM[�℄_;<B�� Au ℄SB Pt ℄q�Xs
(800◦C 1h). F4��? IM6e m4��sD (Zahner, GmbH, Germany) �q��!g��mD�RR.m.�1� I-E jq
p0?-
i9f��RJ
T 10mV _a.}'�?
1∼105Hz O1�RE�=�1��F1mkZm<_a.o�U�onM�o� Rb; q0�' (1) �N2F4$mV η. ��i&0�E N2 �nU�Y��'�=mkjPx (S570,

HITACHI, Japan)  5�F�mD_v<�4�
η = E − I × Rb (1)�℄ I T�smF)wmFPU_m.� E T�smF)0�mFU_m
�

3 ��Æ4$
3.1 XRD 7)I 1 �F( XRD �bi"�yI 1(c) 6��w Pechini ~+?(/ 1200◦C u� 3h 0

H 1 *F-)^ XRD HT
Fig. 1 XRD patterns of various materials

(a) SDC; (b) LSCN-SDC; (c) LSCN; (d) LSCN-

YSZ; (e) YSZ

H 2 30∼1350◦C �QD LSCN, LSCN-SDC0 YSZ �hip^!

Fig. 2 Shrinkage curves of LSCN, LSCN-SDC

and YSZ in temperature range of 30∼1350◦C_ LSCN 	A~�T�_Ma�vÆi��N2℄Z_t�0'T a=5.4533Å, b=5.5153Å,
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5 V �-��`	 La0.85Sr0.15Cr0.9Ni0.1O3−δ-Ce0.8Sm0.2O1.9 rS SOFC �D-)^�y 1123

c=7.7398Å,1[m [14,15] �[_i"�V�I 1(b) ) (d) �&�F( Pechini ~+?_ LSCN1 SDC < YSZ 	A9+(w�Yu�0_ XRD IU�1 LSCN(c) �SDC(a) ) YSZ(e) Ts_ XRD UIq�"d|l�$^9+	A℄_ LSCN p�C(5�_Ma�vÆi��z` SDC ) YSZ �pT��%Æi��6,V1Zh{s�*> [_ LSCN 
�? 1500◦Cf1 SDC ) YSZ �C#%_4�sx�� Sfeir atAw�[ [16] ?�Y (T >1100◦C) f�
Sr- < Ca- 7;&d�_ LaCrO3 
G1 YSZ �$	?mo1,�_ (Sr � Ca)ZrO3.  [_7;&+��6�6, 5ZLlw�
3.2 LSCN-SDC �.�23+�I 2 TsGCZf LSCN ) LSCN-SDC _�
6e? 30∼1350◦C �RE_�i 5jq1 YSZ �ijq_"d� LSCN 1 YSZ _Y��iYsK1sG�V�i0s77
/
YSZ. u LSCN ℄R{C9 SDC 0�Y��iYs* 1100◦C ^Z( 1000◦C, �i0s�,>jÆ��*>C9 SDC 	A_R{Nq( LSCN-SDC _�i�
3.3 LSCN � LSCN-SDC ���#�}�[ [4], ? Sr- ) Ni- 7;_ LaCrO3 ℄�La- ,�� Sr- kS(8	R&_�� (LI%lT Cr·Cr), �P
�%lT��Ym (X (2) �). ?55[�℄�,�t�℄_��y&�8	��V���Ks^
 (X (3) �), �P_mY1f^ (!T��V_mY1
/mk��_mY1).

2SrO+2La×La+1/2O2+2Cr×Cr ↔La2O3+2Sr′La+2Cr·Cr (2)

2Cr·Cr+O×

o ↔1/2O2+2Cr×Cr+V··

o (3)

H 3 600∼850◦C Wr�QD LSCN ( LSCN-

SDC kX0^ Arrhenius ip
Fig. 3 Arrhenius plots of the electrical con-

ductivity of LSCN and LSEN-SDC in the tem-

perature range of 600∼850◦C in different at-

mospheres

H 4 800◦C, LSCN ( LSCN-SDC`-n�T^!

Fig. 4 AC impedance spectra of LSCN and

LSCN-SDC at 800◦CI 3 �? H2 ) CH4 [�℄� LSCN ) LSCN-SDC _mY1_ Arrhenius �ejq�"d|l�$^[�℄mY14Ys$4_f�+G�? H2 ℄�mY1_ Arrhenius jqfr/Rq�%lFj~_ P ~�YA=K�mY14jYs)��
_
�z
��H�!TYs
��<.k_\�0sR
6V�? CH4 [�℄�mY14Ys_
�FlFS�
Yh�mY14Ys�
z
��X$4��1 H2 ℄_sG�VmY1>j�/ H2℄_mY1�H
G�!T CH4 �k"d\n�+y H2 ;S�?Ysd
� CH4 �k+Gyk LSCN t�℄_�zNq (3) �u-q��6�t�℄mk��Ks"sGYsf?
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1124 ^ ? - ) � � 21 �
H2 ℄_��Ks��mY1�d��WYs
�Z 700◦C ���� CH4 �k�C;�
�yk LSCN t�℄_��	? CO ) H2 < H2O, YVt�℄mk��Ksb[^
U1 H2℄RVsG_)Q�mY1�4PWz� LSCN-SDC _mY1
/ LSCN _mY1�H�!T SDC _mY1d
�V�?�Yf SDC 
��l,�t��z%lF N ~�YA=K��l_�8x SDC mY18��H,�mY1
G6W LSCN ? CH4 ℄_�YmY1f^lw�Mz�℄ CH4 ℄ LSCN ) LSCN-SDC _mY1Fla2lw�
3.4 LSCN � LSCN-SDC ���B(x�
3.4.1 �"P�)I 4 �F( 800◦C ��LSCN ) LSCN-SDC �F�mD?55[�℄_a.o�U�
��F�3p�iV:0 LSCN _mY1�/ LSCN-SDC, V�W$GsT SOFC _�F.*+N"(/ YSZ mkZ%<��_3�M�mo (�O�ag�), 5�F4mo (62?�a�$ai_6S)[17] , LSCN-SDC �mD_o�SpppsW/ LSCN �mD_
�P��H�!TmF_a.o�U+p1mF �_mo,��51mF / mkZm<_fHmo,,R�e�yI 2 6%� LSCN  �_�i;�,
�R{C9 SDC 0��F_�i�G>j?��H8Æ��F1mkZm<_i+d��^
fHmo�f[�/$^�mD_ SEM FN�N�(�%_�b�

H 5 > 600∼800◦C Wr�QD�D-)>*FZ�[^D3ip
Fig. 5 Polarization curves of the anodes in the temperature range of 600∼800◦C in different atmospheres

(a) LSCN, H2; (b) LSCN, CH4; (c) LSCN-SDC, H2; (d) LSCN-SDC, CH4

3.4.2 ��+�
LSCN ) LSCN-SDC �F_F4jqyI 5 6��1a.o�U_i"s�V�R{
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5 V �-��`	 La0.85Sr0.15Cr0.9Ni0.1O3−δ-Ce0.8Sm0.2O1.9 rS SOFC �D-)^�y 1125

SDC 0�F_F4$mV,(>j_^
�X5!��<�!T�i;�_Æ��,��< SDC _mk - �k9+Ym��℄ LSCN-SDC �Fm4��$_;�h3+=|o/mkZ1 LSCN _m<�z��CZL��Fh3
z` SDC  ��w H2 ) CH4 ~,�n_P4s' [9∼11], H|p8?,RAs�?��F_P4;��^
F4$mV�"d�F?+G[�℄_F4jq
��F� LSCN ? CH4 [�℄_F4$mVd
�z LSCN-SDC? H2 ℄_F4$mV
/? CH4 ℄_d��H
G�*/ LSCN ) SDC w H2 ) CH4 _P4;�+G�?_�

H 6 LSCN ( LSCN-SDC �D^u;iOh�
Fig. 6 Cross-section micrographs of LSCN and LSCN-SDC anodes

3.5 I�w�~��&=8�
yI 6 6��$^�F.*1mkZm<_i+i�R+sG�TK� LSCN sT�F.*���F1mkZ_i+�:�|� LSCN ,x�MmkZm<��I 6(a). R{ SDC0��F1mkZPU_fH#%�F4��i&06, 5Z�F_��lwI 6(b).y℄6%�C9 SDC G�?� LSCN-SDC �+�F_�i;� (I 2), �F1mkZPU_m<i+_s?��fHmo^
�I 6(c) ) (d) �&T LSCN ) LSCN-SDC �F%<_���=mxFN�
��F�G(*/�i�G6&YV_��Rz+GK�$^�F�~,�:x�_jPi����#m

�6, 5Z;hU<ei;�� [18]. 
X
LSCN-SDC �C( LSCN #%_�;<B�G�
4 �$�' Pechini ~+?(T��vÆi�_ LSCN 	A�uX℄R{a`&_C9J SDC
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1126 ^ ? - ) � � 21 �	AsT SOFC _�F.*�w LSCN-SDC Ae_4�sx���i��mY1�F4�G�IjPi�q�(�b�|l LSCN-SDC " LSCN ��+/'sRf;br*_�F�H�*/ La0.85Sr0.15Cr0.9Ni0.1O3−δ 1 SDC ) YSZ PU
��C#%_4�sx��C9
SDC _R{?�( LSCN�F_�i�G�Æ�(�F / mkZm<_i+i��R{ SDC�0F4$mV,(jd^
�z`�C( LSCN #%_�;<B�G�}�:>
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La0.85Sr0.15Cr0.9Ni0.1O3−δ-Ce0.8Sm0.2O1.9 as an Anode Material of SOFC

LI Song-Li, WANG Shao-Rong, NIE Huai-Wen, WANG Yuan-Song, WEN Ting-Lian

(Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai 200050, China)

Abstract: In order to improve the polarization property of LSCN as an anode material of direct-

hydrocarbon SOFC, the LSCN powder was mixed with nanometer SDC in weight ratio of 1:1.

The conductivity and polarization properties of LSCN-SDC anode in H2 and CH4 atmospheres

were examined and discussed, relating to the SEM morphologies. The interface structure between

the anode and the YSZ electrolyte is obviously modified when nanometer SDC is added. The

AC impedance of the anode with SDC is only tenth of that without SDC, and the polarization

property is greatly improved. After polarization test, no carbon species was observed from the

microstructure morphology of the LSCN-SDC anode.

Key words LSCN-SDC; microstructure; conductivity; polarization


