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. �

VÚ/*�î/ LSM (La0.85Sr0.15MnO3) �V�� ò¾º âçê� (triple phase boundary) "*ö YSZ (8mol%
yttria stabilized zirconia) z+ï (coating film) j ;W~� º&� âçê�j �² ¾Ö î�Ú *� �^��¢
<º �� �V� (composite cathode) j BB~&
. � �� �V�j *�î vþ& £ 30µm� �ò� (anode)
ææÚ *ö ;W~� 700~800oC~ NêöB *~-*{ ßW 5 v~ ªb~Ê ªCj 
�~&
. 800oC, �V 5
>² ��öB v~ ªb~Ê ªC Ö" 1000 Hz "2> '�j &æ~º &�Wª R1f �ò� ª� &�ö ��~
&� 100 Hz "2> '�~ &�Wª R2º �V� ª� &� Wª, �Ò� 10 Hz�~ '�~ &�Wª R3º *�j
Û� VÚ{Ö &�Wªb� ß®, ·ÿ ��� �V 5 >² ª*VöBº �ò� ã >wVÚö ~� VÚ{Ö &�
Wªªj r > ®î
. *æWË G; Ö" � �� �V�j ËO� *æº 800oC, �V 5 Ö² ��öB ''
0.55W/cm2f 1W/cm2~ ¸f *æWËj ¾æÚî
. *~-*{ �Ff VÞV& 
� v �*b� �ª>îb�, Ô
f *~&ê ~öB ��º /Ï� *{6² �*f �V� ª�&�� "B WË &~~ ö�� >�, ¸f *~&ê
~öB ¾æ¾º jò� *{ 6² �*f *�îö &NB ª�&�� "B WË &~~ ö��î
. 

Abstract aa YSZ (8 mol% yttria-stabilized zirconia)-modified LSM (La0.85Sr0.15MnO3) composite cathodes were
fabricated by formation of YSZ film on triple phase boundary (TPB) of LSM/YSZ/gas. The YSZ coating film greatly
enlarged electrochemical reaction sites from the increase of additional TPB. The composite cathode was formed on
thin YSZ electrolyte (about 30µm thickness) supported on an anode and then I-V characterization and AC impedance
analyses were performed at temperature between 700oC and 800oC. As results of the impedance analysis on the cell
at 800oC with humidified hydrogen as the fuel and air as the oxidant, R1 around the frequency of 1000 Hz represents
the anode polarization, R2 around the frequency of 100Hz indicates the cathode polarization, and R3 below the fre-
quency of 10 Hz is the resistance of gas phase diffusion through the anode. The cell with the composite cathode
produced power density of 0.55 W/cm2 and 1 W/cm2 at air and oxygen atmosphere, respectively. The I-V curve could
be divided into two parts showing distinctive behavior. At low current density region (part I) the performance
decreased steeply and at high current density region (part II) the performance decreased gradually. At the part I the
performance decrease was especially resulted from the large cathode polarization, while at the part II the performance
decrease related to the electrolyte polarization. 

Key words : High performance cathode, YSZ Sol-gel coating, Anode-supported SOFC, Impedance analysis
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ò*æ (Solid Oxide Fuel Cell, SOFC) º *Ò çÏ B*
�Ê�b� BB� ê¯>� ®º �Ö �ò*æ (Phosphoric
Acid Fuel Cell, PAFC) 5 Ï[êÖ" �ò*æ (Molten
Carbonate Fuel Cell, MCFC) �
 ÊÌ² BB� �·>îb
¾, �" /³� ^¢� VF~ B�� PAFC 5 MCFCö �
Ú 
Ïzö �¢ *��
.1) ��¾ �f ?f 
Ïz¢ *�
Bº 
r" ?f ­ &æ ^B6
j ��~�¢ò �
. *Ò
&Ïïb� BB>� ®º SOFCº *æ ·ÿ Nê& 1000oC
¦"b� �N�V r^ö ªÒ6 (separator) Òò� &�� £
� 8" .³ Òò¢ ÒÏ� > ìb� 6� *æ¢ Ë�* ·
ÿ~º 7ö *� «¶
~ ²Ö� �~� >w �'� 6²�
b�� *æ WË� 6²>º �6j ¾æÞ
.2-4) V¢B *æ
~ ·ÿ Nê¢ Ôºº ©� :²ç~� �¢ *~� *Ò ô
f ��¶
� 600~800oCöB ·ÿ~º &N; SOFC~ BB
j *~� ôf �Kj VÞ�� ®
.5,6) ��¾ *æ ·ÿ N
ê¢ Ôº� WË 6², ¯ Ú¦ &� (internal resistance, IR)
" *� ª� (electrode polarization, η) ~ Ã&º j�'b
� >>B
. 
��� WË &~¢ *�V *~� *Ò *�î Òò� Ö²
�N *êê& ¸f &Ú *�î, .¢ 
Ú CeO2 6º
LaGaO3 �ö &� ��7,8)f V�~ YSZ¢ ÒÏ~> *�î
vþ¢ *� ;ïz~º O»b� Ú¦ &�j Ôºº ��
5,6)& ê¯>� ®b�, *� ª�j ÔºJº �Kb�º b�
*êÚ (mixed ionic and electronic conductor), .¢ 
Ú
LSCF (La1-xSrxCoyFe1-yO3) 6º LSC (La1-xSrxCoO3) �j Ò
Ï~� ß® ^B& >º �V� ª� (cathode polarization)
j ÔºJº ��& �ê>� ®
.9,10) ��¾ ��� &Ú *
�î
~ ãÖ SOFC~ ;ç ·ÿ Nêf �ò� ã Ôf Ö²
ª{ ~öB ��' 5 z�' n;Wö ^B11)& ®�, LSCF
6º LSCf ?f &Ú �V� Òòº �Wº²f~ 7�j *
� �Nb� ²W� r �V�/YSZ *�î ê�öB &� b
î� La2Zr2O7 6º SrZrO3 �� ;W>Ú Ú¦ &�j Ã&
�Ê� *� >wö &� �Wj 6²�B �V� ª�j Ã&
�Êº ©� ^B6b� æ'>� ®
.12) V¢B � ��öB
º ��' 5 z�' n;W� Ú¶ ;ê ¦ÃB �V� LSM
(La0.85Sr0.15MnO3)/*�î YSZ(8 mol% yttria-stabilized zirconia)
/�ò� Ni-YSZ cermet j �Wº²� F�~&� �
~ �^
��¢ BÚ�b�� 700~800oCöB ·ÿ &Ë� SOFC¢ �
�~&
. 6� �V� 5 �ò� ''ö &� &�*æ
(symmetric cell) ~ v~ ªb~Ê ªC Ö"f �ò� ææ;
*æ~ ªb~Ê Ö"¢ jv ªC�b�� �ò� ææ; *
æ~ *~-*{ ßWj �C~&
.

2. 
  þ

2.1. �ò� ææÚ 5 ;ï *�î B�
NiO ªö" YSZ (Tohso, TZ-8Y, ¢�) ªöj Z²j�

50 :50b� b�~� "&� ê, � b� ªöö &~� 
� ¦
bj� 24%~ w� (graphite) ªöj V�;WB� Î&~�
"&~&
. � b� ªöj ¢» &{ W;~� 1400oCöB 1
�* ²Ö~� V�N 40%¢ <º �ò� ææÚ¢ B�~&

. �ê YSZ Ò�Ò¢ �ò� ææÚö z+~� 1500oCöB
2�* ²Ö�b�� Fig. 1" ?� vþ £ 30µm~ *�îj
�ò� ææÚ *ö ;W~&
. �« �ò� ææÚ~ �Vº
çã £ 2.5 cm �Ò� vþ& £ 1 mm& >ê� B�~&b
�, �ò� ææÚ B�ö &� ¶^� ÚÏf �* ^òç13,14)

ö Þ/>Ú ®
.

2.2. 
�W YSZ ï� z+B LSM  �V�~ B�
La0.85Sr0.15MnO3 ªö (Praxair Ò, ��)" Ã~> �Ò� Ö
�B� z� f��ÖÊ¢ b�~� Ò�Ò¢ B�~&
. �
Ò�Ò¢ *öB B�� �ò� ææÚ~ ;ïYSZ *�î *
ö r�* ¶Ê+ (tape-casting) »j �Ï~� 1Ü1 cm2 �'
~ £ 60µm~70µm vþ� z+~&b� 1100oCöB 2�*
²Ö~� LSM �V�j B�~&
. 
��� O»b� B�B LSM �V�~ âçê� "*ö

YSZïj ;W~V *~� YSZ �j �æ z+ (dip-coating)~
&b�, YSZ �j z+� ê >� z+j *� ~² Nêº
600oC, 2�*b� �;~&
. YSZ �f Zr-n-butoxide (Alfa
Ò, ��)¢ ¦ª &> ª��Úb�� B�~&b�, �r .
Ö" îÖj '' chelating agentf /
� ÒÏ~&
. r{Ò
��:�²*�j r� :.Ö :îÖ~ Öj& 1 : 30 : 2.2 : 1.2¢ r
R«~� n;� æ�zîj �j B�� > ®îb� yttrium
nitrate¢ Ï��Î �²*�j r� Ï�j æ�zîj �ö Î
&~� �« �W� (ZrO2)0.92(Y2O3)0.08� >ê� �.~&
.
YSZ �~ B�ö &� ÚÏf �* ^òç16)ö ¶^® ²B>
Ú ®
.

2.3. *Vz� G;
Fig. 2ö *Vz� G; Ë~¢ ¾æÚî
. SOFC WË G;
Ë~º C'& nö ËO>Ú ®Ú �¦ ª*Vf N�>Ú ®
b� �ò� G VÚº ç¦ r��¾& 5 C'&j v�ê�
Jê>Ú ®�, �V� G VÚº Pyrex çb� &/>Ú ~¦
G �V� ã r��¾& nb�ò v�ê� B·>î
. ÷*

Fig. 1. SEM images of the anode-supported cell sintered at 1500oC
for 2 h : (a) surface and (b) cross section. 
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Ú (current collector)�º AlfaÒ�¦V �«� W.� (Pt
gauze, 52 mesh, 0.1 mm wire)j ÒÏ~� Ê*ç O�b� *
æö &O>ê� Ë~¢ B�~&�, *�~ Nê¢ �
 ;{
~² G;~V *~� Pt + 13%Rh �*&¢ *� "*ö V�
ËO~� *� Nê¢ �;~&
. Î� >w VÚº MFC
(mass flow controller, Unit, ��)¢ ÒÏ~� �/~&b�, j
ºö V¢ �V� G VÚ� Ö², î², �V, �� &Ê¢ b
� �/~&�, �ò� G VÚ�º >², î², �� &Ê¢ b
� �/~&
. 6� VÚ Fïf *æ Nê& æ~æ pê�
400~600 cm3/min~ F³b� �/~� Ôf >², Ö² �ÏN
j Fæ~²�b�� bî*� (mass-transfer) &�j �&�
VB~&b�, �ò VÚº 20oC~ �z�öB ª:ç�Úb�
� £ 2.3% H2O& Î&>ê� ~&
. 
&�*æ (symmetric cell) º £ 1 mm vþ~ YSZ *�
î ·ãö ?f �V~ �V� 6º �ò�j '' z+~�
�V 6º �òVÚ ª*V ~öB G;~&b�, �ò� ææ
; �*æ (full cell) ~ WË G;öBº *öB J«� :f
?� Fig. 2~ Ë~öBf ?� Pyrex çj J~�b�� �ò
�" �V�~ >wVÚ& b�>º ©j Oæ~&
.
Î� *æ~ WË G;f ' G; NêöB ªb~Ê �F�
ï; ç�ö ê�>îj r 700~800oC Ò�� Nê¢ æz�
Ê�B G;~&
. v~ ªb~Ê 5 *~-*{ G;f
Solartron 1260 (frequency analyzer)f 1287 (electrochemical
interface) Ë~¢ ÒÏ~&b�, v~ ªb~Ê~ ãÖ 1 mHzö
B 1000 kHz º*öB G;j 
�~&�, jF; w�j b~
V *~� AC ê�f 10 mV� �;~&
.

3. Ö" 5 �V

3.1. ªb~Ê ªC
3.1.1. &&��**ææ 

þþ
Fig. 3f LSM &�*æö YSZ �j �æz+~&j r z
+ Å>ö V� *�&� (electrode resistance, Rel) 8~ æz
¢ �Vª*V ~öB v~ ªb~Ê »b� ªC� Ö"�
.

YSZ z+ Å>& Ã&�ö V¢ *�&�� 6²~&b�,
800oC, �V ª*VöBº LSM �V�~ *�&� 8� £
32.5Ωcm2 � >� YSZ �j 10® z+� *�~ ãÖ 0.57
Ωcm2� £ 57V 6²B *�&� 8j ¾æÚî
. ��� 


¦ *� WË~ Ã&º Ôf *�/*�î 7� Nêö V��
&�bî (La2Zr2O7)~ �W ÛBf 
�W YSZ z+ïj Û
� âçê�~ {&& ö�ªj �* ¢^öB ��16,17) � :
®
.

3.1.2. ��**ææ 

þþ
YSZ& z+B LSM �V�j ËO� �ò� ææ; *æ~
v~ ªb~Ê¢ �ò� G >²ª{f �;�Î Ú �V� G
Ö²ª{j æz�Ê�B G;~&� � Ö"¢ Fig. 4ö ¾æ
Úî
. �ò� ææ; *æ~ ªb~Ê �Ff 1000 Hz �ç
(R1), 100 Hz ¦" (R2), �Ò� 10 Hz (R3) �~~ ^&æ
�Fb� �W>Ú ®î
. �VB �"2 G~ 
>» (Z') 7

Fig. 2. Configuration of a test cell.

Fig. 3. Evolution of electrode resistance (Rel) with the number of
YSZ coating.

Fig. 4. Impedance spectra of the anode-supported cell with 10 times
YSZ-coated cathode at different Po2 of the cathode with maintaining
the constant PH2 of the anode.
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6j ¾æÚº R0º �V� G Ö²ª{~ 'Ëj Aæp� ¢
;� 8j ¾æÚî
. Ö²ª{ö ëã'� �"2 G 
>»
76 R0º *�î &�ö &� Wªb� ^òçö ��18) >Ú
®j öò jî¢, � 
þ
öB~ �* ¢^16,17)j Û~�
R0& *�î &�ö ���j ��� : ®bæ� Fig. 4~
R0º YSZ *�î &�ö &� Wªb� �C~&
. 6�
1000 Hz �ç~ �"2 '�öB ¾æÂ >ö~ &�Wª R1
~ ãÖ �� Ö²ª{ö &~� 'Ëj Aæ pº Wª�æ�
�ò� ææÚö Î&B YSZ «¶ 5 LSM �V� âçê�
"*ö ;WB YSZ ïj Û� �N*ê &� Wªb� �C�
> ®b�, 
� �Þ R1j �V� ª� &�" &ê ìº �
ò� ª� &� Wªb�ê �C� > ®
. >�ö 100 Hz ¦
"" 10 Hz ¦"öB ¾æ¾º >ö~ &�Wª R2f R3º Ö
²ª{� Ôjî>� 
æº ©j " > ®
. �7 10 Hz '
�~ R3~ ãÖ �V� &�*æö &� ªb~Ê Ö"öBº
Ö²~ LSM/YSZ ï ê�b�~ VÚ{Ö &� Wªªj {�
~&b¾,16) Ö²ª{� 0.1 atm �çöBº 0.01Ωcm2 �~~

Ö ·f 8j ¾æÚîbæ� Fig. 4~ �*æ ªb~Ê �F
öB " > ®º R3~ ãÖ Ö²ª{ 0.1 atm �çöBº �V
� G VÚ{Ö &�Wª ��~ 
� &�Wª� ��>Ú ®
º ©b� 6�B
. ��æ� R1, R2, �Ò� R3& <º *V
z�' ~�¢ ;{® ªC~V *�B �V� ã ª{ öò
jî¢ �ò� ª{ �Ò� G; Nê�ö V� Ö"¢ «�'
b� ªC~�¢ �
.

R1, R2, �Ò� R3ö &� >²ª{ ~�Wj rj��¶ �
V� G VÚ¢ �V� �;�Î ç�öB >²ª{j æz�
Ê� ªb~Ê¢ G;~&
. �ò� G >²ª{~ æzº *
Ú VÚFïj �;�Ê� î² VÚ¢ b��b�� >²ª{
j �.~&�, � r �z�~ Nêº �;~&bæ� Î&B
>ÃV ª{f ¢;~ê� Fæ~&
. 
þÖ"¢ Fig. 5ö ¾
æÚî��, >²ª{� Ôjî r R2º �~ æz>æ p�
R1f £* 6²~� R3º Ã&~º ©j {�~&
. 6�
19.5% H2 ��öB î² &� ?f Fï~ ��j Î&� Ö
" R1f î² Î& rf ?f ;ê~ 6²¢ ¾æÚî� R2º
�~ æz>æ p~b� R3& 6²~º *çj &V~&
. V
¢B R3º bî*� >w 7 VÚ {Öö ~� &�Wªb�

�V� G~ ¸f Ö²ª{ ç� (0.1 atm �ç) öB ¾æÂ
R3~ ãÖ �ò� ã V�j Û� H2 5 H2O~ {Ö 6º ®
Ïª� purgeö ~� H2 5 H2O~ {Öö ~� &�Wªb�
6�B
. Geyer �19)ê �ò� &�fj ªb~Ê ªC� r
R3f ?f "2> '�öB ®Ïª� purgeö ~� >wVÚ~
{Ö &�Wªj &V~&
. � 
þöBº �ò� G VÚF
ï~ æz¢ 
þ~æ á~� R3& �ò� V�j Û� >wV
Ú {Ö &�Wª�æ _f 
þ Ë~ �� 5 VÚFïö ~
�~º ®Ïª� purge ö ~� >wVÚ~ {Ö &�Wª�&
º {�~æ á~&
. 

R2º �V� G Ö²ª{öò 'Ë A� �ò� G >² ª
*Vöº 'Ë Aæ pº ©b� �j �V� ª� &�Wªb
� 6�B
. Fig. 5öB ß�� 6f R1 &�Wª� >²ª{
j Ô¾ ç�öB J®J 6²~&
º 6�
. ò£ R1� �
ò� 5 �V�ö ��B YSZ «¶¢ Û� Ö²�N *ê &
�Wªj ¾æÞ
� � 
þ��öB YSZ~ Ö²�N n¶Ò
³ê 5 �ÿêº æz>æ pº Nê 5 Ö²ª{ º*20)ö

®V r^ö Ö² 5 >²ª{~ 'Ëj Aæ pj¢ò �
.
Jiang �21)f Ni �ò�ö &� ªb~Ê ªC Ö" �ò�~
ª�&�f �ò� >wVÚö ��B H2O~ �ï öò jî
¢ PH2

/PH2O~ j ¯, �ò� G~ Ö²ª{ö ~��
� ��
~&
. �ò� G~ Ö²ª{� H2O~ Î& 6º PH2

/PH2O j
~ 6²� Ã&�b�� Ni ��ö �
 ôf �O Ö²& �
Ò~� >²ö¶& Ni-O ��öB "B *Vz� >w¶Ò�
âçê� 6º YSZ *�î ��b� spillover~º �ò� >
w z
î¾j B�~&
. � ��öBê 800oC G;NêöB
�ò� G Ö²ª{� 6.7Ü10-22atm (97.7%H2+ 2.3%H2O)öB
1.7Ü10-20atm (19.5%H2 + 78.2N2 (or He) + 2.3%H2O)b� Ã
&~º ��öB Jiang �� ��� :f ?� �ò� G ª�
&�� 6²~º *çj &V~&b�, 6� Fig. 4f Fig. 5~
�V� 5 �ò� ''~ >w VÚö &� Ö²ª{" >²ª
{ ~�Wj «�~� " r R1f �ò� ª�&�ö ��~º
©b� 6�B
.   

Fig. 4f Fig. 5öB~ ' &�Wª 8
j ªÒ~� Nêê
~�Wj rj��¶ �&²�(equivalent circuit)¢ �W� ê

Fig. 5. Impedance spectra of the anode-supported cell with 10 times
YSZ-coated cathode at different PH2 of the anode with maintaining
the constant Po2 of the cathode.

Fig. 6. Impedance spectrum obtained at 800oC on the anode-
supported cell with 10 times YSZ-coated cathode. Circles :
experimental points. Full line : deconvolution results including
setup inductance.
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' ªb~Ê �Fö &~� complex non-linear least square
(CNLS) fitting program22)j �Ï~� deconvolution ~&b�,
&�'� Ö"¢ Fig. 6ö ¾æÚî
. Fig. 7f Fig. 6öBf
?f O»b� ªC� ' R0, R1, �Ò� R2ö &� 8
j
Nê~ �>ö &~� ê�� Arrhenius �F�
. R3~ ãÖ
800oC �~~ NêöBº R2 &�Wªö &J ªb~Ê �F
çöB V� ªÒ� > ìî
. Fig. 7�¦V êÖ� ' &�W
ª~ �Wö.æ 8j �V� 5 �ò� &�*æ�¦V áf
*�î &�Wª, �V� &�Wª, �Ò� �ò� &�Wª '
'~ �Wö.æ 8" jv� Ö"¢ Table 1ö º£~&
. &
�*æ�¦V G;� �Wö.æ 8
� �*æöB G;� 8

�
 £* � 8j ¾æÚîb¾ R0º *�î &�, R1f �
ò� ª�&�, R2º �V� ª�&�ö &� �Wö.æ 8"
�~ ?f 8j ¾æÚî
. V¢B �öB Þ/� :f ?�
R0º *�î &�, R1f �ò� ª�&�, R2º �V� ª�&
� Wªªj {�� > ®î
.

Fig. 8f 200�* Ú* ê �*æ ªb~Ê �F~ æz¢
¾æÚº �âb�, �ò� ã~ VÚ {Öö &ê>º R3¢ B
�~� Î� &�Wª� *æÚ* �*� Ã&�ö V¢ Ã&
�j r > ®
. ¯, �&²��¦V êÖ� 8ö V�� *�
î &� (R0)f £ 16 mΩcm2, �ò� ª�&� (R1)f £
125 mΩcm2, �Ò� �V� ª�&� (R2)º £ 39 mΩcm2 Ã
&� ©b� ¾æÒ
. V¢B � *~&ê (1A/cm2 �ç)¢ &
~�¾ _f Ë�* Ú*~º ãÖöº �V� ª� (R2) öò
jî¢ �ò� (R1) ª�ê Ã&~� *æ WËj 6²�V
.
ß® � 
þöB ÒÏ� �ò� ææ; *æ~ ãÖ Ú* .
V �ò� ª�f �V� ª�ö j~� ·æò � *~&ê
Ú* 6º Ë�* Ú* � �ò� ª� Ã&& *æ WË 6²
~ 7º� ö�� Nj r > ®î�, �º �ò�~ .³ ç
� Ni& ²ÖNö V¢ ¾æ¾º *çb� 6�B
.

3.2. *~-*{ ßW
YSZ �� z+B LSM �V�j 
B *æö ËO~� Nê
ê� *~-*{-*K ßWj &V~� Fig. 9ö ¾æÚî
. �
Vf >²¢ ÒÏ� r 700oCöBº £ 0.22 W/cm2, 750oCö
Bº £ 0.39 W/cm2, �Ò� 800oCöBº £ 0.55 W/cm2~

WËj ¾æÚî
. �º LSM *�òj ËO~&j r (800oC,
�V 5 >² ��öB 0.04 W/cm2) �
 £ 10V �ç ¸f
*K&ê¢ ¾æÚº 8�î
. �~ �V� &�*æ 
þöB
r > ®�� �V� ª�&� 6²& *æWË Ã&~ "º
ö�ªj r > ®
. Fig. 10f LSM �V�" YSZ �� z
+B LSM �V�j ËO� *æö &� 800oC, �Vf Ö²
��öB~ *~-*{ ßW �F�
. Fig. 10(a)~ LSM òj
�V�b� ;W� *æö &� "B WË 6²~ ö�f �~
&�*æ 
þ (Fig. 3)öB r > ®î~ :f ?� 

¦ �
V� ª��î
. ß® *~-*{ �FöB Ôf *~&ê (part
I) ~öB~ WË6²& ¸f *~&ê (part II) ~öB~ WË
6²�
 �² ¾æ¾º Â]� v �*b� ¾~î
. YSZ �

Fig. 7. Arrhenius plots of Rcomponent of the anode-supported cell with
10 times YSZ-coated cathode.

 
Table 1. Summary of Activation Energy Values

Samples Electrodes R0 R1 R2
Symmetric 

Cell
Cathode 70Û5 kJ/mole - 140 kJ/mole
Anode 94 kJ/mole -

Full Cell - 64 kJ/mole 82 kJ/mole 131 kJ/mole

Fig. 8. Impedance spectrum change of the anode-supported cell
with 10 times YSZ-coated cathode during the cell operation.

Fig. 9. Performance of the anode-supported cell with 10 times YSZ-
coated cathode at various temperatures.
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� z+B �WË �V�j ËO� *æ~ ãÖöº 800oC, Ö
² ��öBº £ 1 W/cm2~ ¸f *K&ê¢ ¾æÚº >�
�V ��öBº £ 0.55 W/cm2~ *K&ê¢ ¾æÚîb�,
LSM �V�òj ËO� *æ~ ãÖf îR&æ� /Ï� W
Ë&~ �* (part I) " jò� WË&~ �* (part II) b�
¾~º ©j r > ®
. �V� Ö²ª{ö V� WËæz¢
�
 ¶^® &V~V *~� Fig. 10(b)ö 800oC, Ö² 6º
�V ��öB~ IR free �Fj �þ ê�~&
. �öB Þ/
� :f ?� ªb~Ê ªCöB G;B �"2 G~ 
>»
(Z') 76 R0¢ *æ~ IR ß® *�î &�b� �;~� IR
free �Fj êÖ~&
. Fig. 10(b)~ � *~&ê (part II) ~
öBº �V 5 Ö² �� Îv jò� WË&~¢ ¾æÚîb
�, ß® Ö² ��öBº 1 A/cm2 �ç~ *~&ê ~öB *
æ~ WË 6²& *�î &� (R0) öò ~�~&
. �º ^
òçö ¶" ��>º *ç23,24)b� � *~&ê _f ¸f ª
� ç�öB YSZ *�î� ¦ª ~öNb�� *�b�¦V
ÎÚê *�î ��öBê *� >w� ¢Ú¾² >�25,26) 6
� "ª� ç�öB LSM �V�~ ª�&�� 6²>º Î"
27) �b� �*�' � *� ª�� �² *² Nb�� B�
�
. V¢B �* II~ '�öBº �V�öB �ò� ãb�
*�îj Û~� �ÿ~º Ö²�N *ê& Ö� *æ>w~ N

³�ê (rate determining step)& >º ©b� 6�B
. .¢

Ú Fig. 10(b)~ 800oC, Ö² ��ö &� *~-*{ �F~
�* I�¦V G;� Ôf *K&ê �* (0.2 A/cm2 �~)öB
~ &�8f £ 0.78Ωcm2 � v~ ªb~Ê »b� G;�
&�8 0.69Ωcm2 (�ò� VÚ{Ö &�8 0.31Ωcm2 B�)
f �~ FÒ� 8j ¾æÚî
. v~ ªb~Ê �Fj ªC�
Ö" *�î &�8f £ 0.22Ωcm2, �ò� ª� &�8f £
0.12Ωcm2, �Ò� �V� ª� &�8f £ 0.35Ωcm2� G
;>îbæ� Ôf *~&ê (part I) ~öBº *æWË� *�
~ �Wª� ß® �V� ª�ö 'Ë Aº ©j r > ®
.
6� 1 A/cm2 �ç~ � *~&ê ~~ �* IIöBº ªb~
Ê G;b�¦V áf R08 (0.22Ωcm2) " *~-*{ �F V
ÞV�¦V áf &� 8 (0.21Ωcm2) � �~ ?f 8j ¾
æÚæ� *æWË� *�î &�ö 'Ëj Aº ©j r >
®î
. ��¾ Fig. 10(b)~ �V ��öB " > ®�� �*
IIöB~ �ÿ� �V� G Ö²ª{ö ~�~º *çj �ªb
�� �B® *�î &� (R0)òj � *~&ê ç�öB~ *
æWË &~ ö�b� �C� > ì
. �ö &� J«b� �
* IIöB ¢Ú¾º �V� G Ö² ~ö >wöB *�î� ¦
ª~ö>Ú *Vz� >w� âçê�ö ��>æ p� *�î
��b� {Ö>� �r ¦ª~öB *�î ��~ *Vz� >
w¶Òº Ö²n¶Ò� ÿ�ö Ö²ö &� �O¶Ò� B�B

� &;� > ®
. 
B� Meas �f28) 648~973 K Nêf
2.6Ü10-7~2.6Ü10-3 atm º*~ Ö²ª{ ��öB YSZö &
� Ö² �Oj G;� Ö" Ö²~ �Oï� YSZ~ Ö²�N
n¶Ò ³êf �~ jÝ�j ��� : ®
. ��æ� *�î
��~ Ö²�N n¶Ò& *Vz� >w¶Ò� ÿ�ö Ö²ö
&� �O ¶Ò¢ B��
� &;�
�, Fig. 10(b)~ �* II
öB~ Ö²ª{ ~�Wj J«� > ®
. Fig. 10(a)f (b)ö
B " > ®�� ?f 
þ��öB �V�~ �^��ö V¢
�* II~ &�8� �Ò ¾æ¾º� �º �*�' � �V�
~ âçê� ^� Nö ~� ©�
. ¯, "ª�ö ~� *�î
��b� *Vz� >w¶Ò& {&>z¢ê � º*º §�'
b� *�/*�î/VÚ& ò¾º âçê� "*� ��>V r
^ö �*�' � âçê�~ ^�& �* II~ VÞV ¯, &
�8j ²Ö~² >º ©b� 6�B
. 
*�î~ ¦ª ~öf *~&ê, G; Nê, >² 5 Ö² ª
{ �ö 'Ëj Aº ©b� ��21,25-27) >Ú ®Ú �ö &�
º&'� 
þ� jº~�, *f ?f *ç r^ö ;ï; *
�îj ÒÏ~º �ò� ææ; �ÚÖzb �ò*æ~ ãÖ
�V� & *�î �'j,29) �V� ª�&�, �Ò� *�î
vþö V¢ �& *K&ê& � N�¢ ��º ©b� �'B

. V¢B ¸f ª� ç�öB~ *�î 5 *�ö &� ËV
n;Wf jç ��B : ìæò ��� 
þ��� *æWË
&~¢ &³�Î
� �ò� ææ; �ò*æ~ ãÖ *�î &
�ö �² 'Ë Aæ pº �*~ ¦~ç�öB~ *æWËj
jv~º ©� :²ç~
� 6�B
.

4. Ö  �

LSM �V�~ âçê� "*ö 
�W YSZ ïj ;W~�
*Vz� >w¶Ò¢ 9¾b�� �V� WËj �² Ëç�V

. YSZ *�î vþ& £ 30µm� �ò� (anode) ææÚ
*ö � �� �V�j ;W~� �*æ¢ B��b�� 700~
800oC~ NêöB *~-*{ ßW 5 v~ ªb~Ê ªCj 

�� Ö" 
r" ?f Ö�
j áî
. 

Fig.10. I-V characteristics of the anode-supported cells at 800°C:
(a) with non-modified LSM cathode and (b) with 10 times YSZ-
coated cathode.
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1. YSZï� z+B �V�j ËO� �ò� ææ; *æö
&� *æWËf 800oC, �V 5 Ö² ��öB '' 0.55 W/
cm2f 1 W/cm2~ ¸f *æWËj ¾æÚî
.

2. 800oC, �V 5 >² ��öB �ò� ææ; *æ~ ª
b~Ê �Fj ªC� Ö" 1000 Hz "2> '�j &æ~º
&�Wª R1f �ò� ª� &�ö ��~&�, 100 Hz "2>
'�~ &�Wª R2º �V� ª� &� Wª, �Ò� 10 Hz�
~ '�~ &�Wª R3º �ò� G >wVÚö ~� VÚ{Ö
&�Wªªj r > ®î
.

3. �ò� ææ; *æ~ *~-*{ �Ff v �*b� �ª
>îb�, Ôf *~&ê ~öBº �V� ª�&�� "B W
Ë &~~ ö�� >�, ¸f *~&ê ~öBº *�îö &N
B ª�&�� "B WË &~~ ö��î
.

4. � *~&ê _f "ª� ç�öB *�>wf âçê�
"* *�î ��b� {&>�, � ��~ *~-*{ �F '
�öB~ Ö²ª{ ~�Wf Ö²�N n¶Ò& *Vz� >w
¶Ò� ÿ�ö Ö²ö &� �O¶Ò� B�>V r^�
.

6Ò~ &
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Ò� ß;V.��(1999-2-301-001-3)~ æöb� >¯>îb�,
ß® �ò� ææÚ B�ö &� 
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