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. �

� ��öBº 7&NöB ·ÿ>º �ò� ææÚ� ï6; �ò*æ¢ ��~&b�, &&~ �;� r«&Ê+»j
�Ï~� 0.8~1 mm~ vþf 25, 100, 150 cm2 �V~ ï6; �ò� ææÚ¢ B·~&�, �ò� ææÚ~ ßWj
{�~V *�B V��, &Ê R"N �Ò� *V*êê �j G;~&
. 12 wt.%~ Ö�B¢ ÒÏ~� B·B ææ
Ú~ V��f 45.8%�� ~ö � 53.9%� Ã&�j �&
. �ò� ææÚº 850oCöB 900 S/cm~ ¸f *V*ê
ê¢ ¾æÚîb�, 1V{ ~öB �V� G;~&j r 6 l/min~ VÚR"ïj �&
. �*æ~ B�º r´&Ê+
»b� B�B �ò� ææÚ*ö Ò�Ò :w z+»j �Ï~� *�î" �V�j BN'b� B�~&
. YSZ~
³ê¢ 10 wt.%f 20 wt.%� ~� B�B *�î~ vþº '' 10µmf 30µm�î�, �V�f LSM-YSZ/LSM/
LSCF~ 
[ ��� �W>î
. 10µm vþ~ *�îf 
Ö ~&~&� 3V{ ~öB &Ê R"êº 2.5 ml/minj
¾æÚî
. �*æ~ WË �þöB 20~30µm vþ~ *�îj <º �ò� ææÚ� ï6; �ò*æº 750oCöB
0.6 V, 300 mA/cm2 WËj �&
.

Abstract: For the development of low temperature anode-supported planar solid oxide fuel cell, the planar anode
supports with the thickness of 0.8 to 1 mm and the area of 25, 100 and 150cm2 were fabricated by the tape casting
method. The strength, porosity, gas permeability and electrical conductivity of the planar anode support were measured.
The porosity of anode supports sintered at 1400oC and then reduced in H2 atmosphere was increased from 45.8%
to 53.9%. The electrical conductivity of the anode support was 900 S/cm at 850oC and its gas permeability was
6 l/min at 1 atm in air atmosphere. The electrolyte layer and cathode layer were fabricated by slurry dip coating
method and then had examined the thickness of 10µm and the gas permeability of 2.5 ml/min at 3 atm in
air atmosphere. As preliminary experiment, cathode multi-layered structure consists of LSM-YSZ/LSM/LSCF. At sin-
gle cell test using the electrolyte layer with thickness of 20 to 30µm, we achieved 300 mA/cm2 and 0.6 V at 750oC

Key word : Tape casting, Electrolyte, Slurry dip coating, Anode-supported planar SOFC 

1. B �

�ÚÖzb �ò*æ(Solid oxide fuel cell : SOFC)º �ò
VÚ& ²F~� ®º z�ö.æ¢ *Vz�>wö ~� ç7
*Vö.æ� æz�Êº ö.æ æ~ Ë~�
. ¢>'b� �
ò*æº *�î~ «~ö V¢ r�Ò;(AFC)" �Ö;(PAFC),

�ª¶;(PEMFC)�ò*æf ?� jv' &NöB ÿ·>º
�ò*æf 650oCöB ·ÿ>º Ï[êÖ"; �ò*æ(MCFC)
f � �ç~ NêöB ÒÏ>º �ÚÖzb �ò*æ(SOFC)
� ª~� > ®
. ß® �ÚÖzb �ò*æº �Ö;, Ï[
êÖ"; 5 �ª¶; �ò*æ � 
� �ò*æö j� ÎN
� ¸� ��& 'b�, �òBîV& jºì� ��B*� &
Ë~
º Ë6j &æ� ®
1). ��¾ ·ÿNê& �N
(1000oC)�ÚB �ÖÒf *æ�Wº²& �&�� *~÷* 5
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&/ � ^B6j &æ� ®
2,3).
�ÚÖzb �ò*æº V~�'� ;�ö V¢ öÛ;" ï
6; �Ò� ¢Ú;b� ¾2 > ®b�, ææÚ~ «~ö V¢
¶ãï�" *� ææÚ�b� ¾2 > ®
. ß® *� ææÚ
� �ò*æº ­� ~&� *�î B�¢ &Ë~² ~� *æ
~ Ú¦&�j 6²�Ò > ®V r^ö 7&N(600~800oC)ö
B ·ÿ� &Ë~
º Ë6� ®
. V¢B  �N·ÿ�~ ^B
6j �Ö~V *� Onb� *�î ;ïB��;ö &� �
�f *�~ �Wj ¸�V *� O»b� ææÚ~ *Vz�
' >w�'" &Ê {Ö[j Ã&�Êº ��& ê¯7�
4,5).
ß® ææÚ� ï6; �ò*æº öÛ;�¾ ¢Ú;ö j� ¸
f *K&êf Ôf &�º², B�jÏ� 'f Ë6� ®Ú ²
ÒßWj Ëç�ÊV *� ôf ��& ��Úæ� ®
.
*Ò &Ë �ÞzB *�î Òòº stabilized ZrO2, doped

CeO2, LaSrGaMgO3 ��� �ò� Òòº Ni-YSZ cermet"
Ni-SDC(Sm doped CeO2) cermet ��� �V� Òòº
LaSrMnO3 (LSM), LaSrCoO3(LSC) ���, WËËç" ·ÿN
ê¢ ÔºV *� 
·� bî
� ��>Ú æ� ®
.
� ��öBº �ò� ææÚ� ï6; �ÚÖzb �ò*æ
~ B·j *�B &&��B &ï�Öö Ï�� r«&Ê+ »
j �Ï~� 40 vol.% Ni-YSZ cermetj �� &æ �V 5
;�� B·~&
. *�î [f 8 mol.% YSZ(Y2O3- stabilized
-ZrO2, MEL Co. USA)¢ &&~ �;� Ò�Ò :w»j �
Ï~� ­� ~&~² B�~&b�, ÿ¢� z+»j �Ï~�
LSM-YSZ/LSM/LSCF(LaSrCoFeO3)� 
[ ��~ �V�j
B�~&
. �Ò� B�B �ò� 5 *�î~ �� 5 ßWj
�Ò~&b�, �*æ WËï&¢ ~&
. 

2. 
þ O»

2.1. �ò� ææÚ~ B�
�ò� 40 vol.% Ni-YSZ cermetj B�~V *� NiO

(Junsei, Japan)f 8 mol.% YSZ powder¢ NiO& 40 vol.%>
² ;ï~� b�~�, 24�* "&ç ê �� ªê~&
. ª
êB ªöj r��¾ ÏVö I� 550oCöB 3�* �¾Ò~
� NiO-YSZ b�ªöj B�� ê V�;WB� 35 vol.%~
�Wêj �¢~² b�� ê �� ªê~&
. B�B ªö"
Ö�B� PVB(polyvinyl butyral)¢ ¢; jN� b�~� &²
B� DBP(dibuthyl phthalate)f �ÖB� Triton X-100, ªÖ
B� fish oil, �Ò� Ï
� Î�ú" 2-propanolj '' ;ï
~� b�~� 24�* ÿn " &çj ~� Ò�Ò¢ B�~&

. B�B Ò�ÒöB Ï
¢ ÃB�B 6ê¢ �.� ê
doctor BladeË~¢ ÒÏ~� ¶Ê+~&
. ¶Ê+B W;Úº
24�* 
NöB �� ê 150oCöB 3�* �¾Ò~�, 
�
1300oCöB ²Ö~� ææÚ¢ B�~&
. �� � B�B æ
æÚ~ >Úöf 800 lb/cm2~ ~7b� 1350oCöB �¾Ò~
� ï�ê¢ ¸�º ·ëj ~&
.

2.2. *�î B�
­� ~&� *�îj B�~V *� 8 mol.% YSZ(TZ-8Y,

Tosoh. Co., Japan) ªöö ¶Ê+Ï Î&B¢ ¢; jN� b
�~�, Ï
� Î�ú" 2-propanolj '' ;ï b�~� 20
wt.%, 10 wt.% YSZ Ò�Ò¢ B�~&
. �ò� ææÚ *ö
B�B Ò�Ò¢ �Ï~� 3² z+~&�, �� ê 1400oCö
B �²Ö ~&
. 

2.3. �V� B�
LSM((La0.85Sr0.15)0.9MnO3)" LSCF(La0.6Sr0.4Co0.2Fe0.8O3) ª
öf �ç>w»j �Ï~� �W~&�, LSM-YSZ ªöf
6 : 4(wt.%)~ jN� b�~� B�~&
. *�î" ÿ¢� O
»b� Ò�Ò¢ B�~� LSM-YSZ, LSM, LSCF~ BB�

[z+j ~&�, 1200oCöB 3�* ²Ö~� B�~&
.  

2.4. ßWï&
B�B ææÚº "Ò*¶ *�ã(scaning electron micro-

scope, SEM)j �Ï~� �� 5 ��~ �^��¢ {�~&
�, 4�¶»b� *V*êê¢ G;~&b�, porosimeter
(Autopore IV, Micromeritics, USA)¢ �Ï~� ææÚ~ V�
�j G;~&�, &ÊR"ê Ë~¢ B·~� �V¢ ÒÏ~�
&ÊR"ê¢ �Ò~&
.
*�î �� SEMj �Ï~� *�î~ �^��f vþ¢
{�~&b�, *�î~ ~&ê¢ {�~V *� {K~ æzö
V� &ÊR"ê¢ �Ò~&
. �**æ~ WËï&¢ *� F
Î�' 16 cm2¢ <º �*æ¢ B·~� Nêê WËrÊÞ¢
>¯~&�, Solatron analyzer(Solatron 1260 frequency response
analyser, 1287 Electrochemical Interface, USA)� AC ªb~
Ê »j �Ï~� 2�¶»b� Nêê &�8j G;~&
.

3. 
þÖ" 5 �V

3.1. �ò� ææÚ~ B· 5 ßWï&
r«¶Ê+»j �Ï� ææÚ~ B�öB ææÚº ç�º
¶Ê+ Ò�Ò~ ç�ö ~�B Ö;>æ� Ò�Ò ��~ Ö
;� 
Ö 7º~
. ß® Ö�Bïf W;Ú~ ç�¢ Ö;~
º 7º º�b� Ö�Bï� 'f ãÖ çN �� �ö �¿
j FB~² B
. >�ö Ö�Bï� ôf ãÖ ¶Ê+ �;
� W;Ú~ ;çFæ& Ú[�, ���;� >»� ô� ¢Ú
¾ �� �¿j FB�
. V¢B �¿j FB~æ pº '.�
��j dj r«¶Ê+»j Û~� �ò� ææÚ¢ B·~&

. Fig. 1ö r«¶Ê+ »b� B·B 25, 100, �Ò� 150 cm2

�V~ ææÚ¢ ¾æÚî
. ææÚº 800~1000µm ;ê~ v
þ¢ &æ� ��¾ ²Ö �ö Ö�B& B�>�B �«'b
� £ 24%� ;ê~ >»j �&
. 24%~ >»*çf ��
� N*ç 5 �¿j FB�
. �¿f W;Ú~ B�� Ú¦ö
;WB V�ö ~� ©b� �'>�, Ú¦ö ;WB V�f æ
æÚ 2Z~ �·6b�B ;êöê ôf 'Ëj &
. �Ò�
ææÚ~ >»ö ~� N*çf ææÚ~ ï�êö ^B¢ &
^N
. ï�ê& Ôf ãÖö �¦ {Kö ~� ææÚ& £²
2Z>�, *�î" �V� B�ö ®ÚB Ôf ï�êº *�
î" �V� B� �ö �¢� vþ~ z+ [j B�~º�
Ú[² >�, ®�¢� *�î" �V�f �*æ Ê� B� �
�*æö �Òº �¦ wK 5 �N·ÿ� �>» �ö ~�B
�*æ 2Z �~ ^B¢ B�� >ê ®
. V¢B ï�ê¢
¸�V *� Þïz ";j >¯~&
. 

Fig. 2, 3, 4º r«&Ê+ »ö ~� B·B ææÚ~ �^
���
. Fig. 2º '' 12wt.%f 13 wt.%~ Ö�B¢ Î&~
� B�B ææÚ~ �� Òêb� ææÚº Ú¦ö ôf V�
j ��~� ®b�, ß® 12 wt.%~ Ö�B¢ Î&� ãÖ ¦
z ôf V�j &æ� ®º ©b� ��
. Fig. 3" '' 4º
12 wt.% f 13 wt.%~ Ö�B¢ ÒÏ~� B�B ææÚ¢
750oCöB >² ª*VöB �¾Ò~�, ~ö* ê ææÚ �
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�~ �^��¢ ¾æÞ ©�
. Fig. 3öB ��æº ©¾" ~
ö ê ææÚº ~ö*�
 ôf V�j ;W~&�, *Ú'b
� �;~ ;�¢ ¾æÚî
. ææÚ~ ²Ö� ²ÖNê& ¸
j>�, ²ÖFæ �*� ^>� Ni«¶& WË~² >º� Ni
~ «WËf Ni* �ÖWj p� *� >w �'j 6²�Ê²
>Ú ±f *V*êWj Fæ~æ á~æ� ææÚ~ Ni" YSZ
& �Ï��¢ ��Ú Ni~ «WËj BÚ~º ©f 
Ö 7º
~
. 

12 wt.%f 13 wt.% Ö�B¢ ÒÏ~� B·B ææÚ¢
1400oCöB ²Ö� ê ~ö*ê V��" V�~ ¦b 5 �
'j �Ò~� Table 1ö ¾æÚî
. *�öB V��f *�
>w �'" &Ê {Ö[j Ã&�Êº ��º²� V��� ¸
j>� *æ WË� Ö>�ê
. ��¾ ææÚö ®ÚB V�
�� ¸jæ� Vê' ;ê& £�æV r^ö *�>w �'
j �&� ~�B Ö>� Vê' ;ê¢ &î > ®ê� ææ
Ú Ú¦~ V�j ¾ �.~�¢ �
. �ò� ææÚ~ V�f
ææÚ ªö B� �ö Î&>º �Wê" Ö�B � Î&b�
�� 5 �¾Ò ";öB B�>�B ;WB
. ~ö* ê V�
� æzº NiO& ~ö� Ni� æ~�B O�N� �^¾&²
>�B V��� Ã&~² >º� ��'b� Ni/YSZ cermet
�ò� ææÚö ®ÚB Ni �ï� 40 vol.%� ãÖ NiO& Ni
� ~öF r �ò� ææÚ~ Ú'� æ~æ pº
� Ö²&

Fig. 1. BB��BB ��VVêê ææææÚÚ (a) 150 cm2, (b) 150 cm2, 100 cm2,
25 cm2.

Fig. 2 ÖÖ��BB ÎÎ&&ïïöö VV�� Ni/YSZ ææææÚÚ~~ ���� ��^̂���� 12
wt. %(a)"" 13%(b).

Fig. 3. 12 wt.%~~ ÖÖ��BB&& ÎÎ&&BB Ni/YSZ VV66~~ ~~öö ** (a)""
êê (b)~~ ��^̂���� .
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�^¾&�B �Vº V�ö ~� �ò� ææÚ~ V��f £
15% Ã&~² B
. 1400oCöB �« ²ÖB �ò� ææÚ&
~ V��f 12 wt.% Ö�B¢ ÒÏ� ææÚ~ ãÖ 45.8%�
� 13% Ö�B¢ ÒÏ� ãÖ~ ææÚº 42.5%~ V��j
¾æÚî
. >²ª*VöB ~öB ææÚº 12 wt.%� ãÖ
53.9%� 8.1% Ã&~&� 13 wt.%~ ãÖ 48.9%� 6.4% Ã
&~&
. V¢B ~ö *ê V��ö ®ÚB 12 wt.% Ö�B
¢ ÒÏ� ææÚ& Ö>~&b�, � ��öBº 12 wt.%~ Ö
�B¢ Î&~� �'~ W;B¢ B�� > ®î
.

ææÚº �*æ~ �Wö ®ÚB �*æ¢ ææ~º ��j
~V r^ö �ÏÏ�¾ �¦~ ÏÏö ÒB > ®º ;ê¢
&^¢ �
. Table 2ö ¾æÞ :f ?� 4�¶»j �Ï~�
;êG;j � Ö" 29.89 MPa~ Ôf 8j ¾æÚîº�, �
º ææÚ& £ 45%~ V��j &ê 
�îj ;W~� ®V
r^b� �'B
. ~ö ê ææÚ~ ;êº 18.9 MPa� 6²
~&b¾, �ò� ææÚº ~ö � NiO& .³ Ni� æ~�B
�¦'� {Köê £² 2Z>æ pº �Wj &æ� ®rj
{�~&
. 
B'� �*æ~ ;ê¢ �Ò~V *� ææÚ*
ö *�îj z+� ê G;� Ö", ææÚòj G;~&j r
�
 56.48 MPa� ¸f Ö"¢ ¾æÚî�, ~ö �öê 43.45
MPa� �� ¸f >~¢ ¾æÚî
. �º ~&� *�î [~
;Wö ~�B 2Z& �·>º ¦ª� *îV r^�¢ .ç
B
. �V�j z+� ê~ ;êº 43.45 MPa� 
² Ô~º
� �º ~&� *�î �
 
�W ��öB 2Z~ �·6�
Ã&~V r^�¢ �'B
.
�ÚÖzb �ò*æ~ ·ÿ��� 650~850oC~ >²ª*V
öB ç~ 4 point »b� 12 wt.%~ Ö�B¢ ÒÏ~� B�
B �ò�~ *V*êê¢ G;~&
. PtFj �Ï~� ææÚ
~ Ú¦ö *{�¶ 2Bf �¦ö *~�¶ 2B¢ �W~&�
Pt paste¢ ÒÏ~� 7/ç�¢ ±² ~&
. Fig. 5ö ¾æÞ
:f ?� 650oCöB £ 1500 S/cm ;ê~ ¸f *V*êê

Fig. 4. 13%~~ ÖÖ��BB&& ÎÎ&&BB Ni/YSZ VV66~~ ~~öö ** (a) êê (b)
~~ ��^̂���� .

Fig. 5. 12%~~ ÖÖ��BB&& ÎÎ&&BB ��òò��~~ **VV**êêêê .

Fig. 6. &&ÊÊRR""�� GG;; ��FF (a) **��îî 55 ææææÚÚ, (b) 10 wt.% **
��îî .
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¢ �&�, Nê& ¸jî>� *V*êêº 66 6²~�
850oCöB 900 S/cm 8j �&º� �º Nê çßö V¢
�ò�~ *¶*ê ¯�� ·Ï~º Ni/YSZ cermet~ &� 8
� 
æV r^�
. 

3.2. *�î B� 5 ßWï&
*�îf Ò�Ò :w z+»j �Ï~� B�~&
. Fig. 6
f �ò� ææÚf 10µm *�î~ &ÊR"ê¢ G;� Ö
"�
. G;VÚº �V¢ ÒÏ~&� �r ææÚ 5 *�î
~ �Vº 4 cm2� ~&
. ææÚº 1V{öB £ 6 l/min~ &

ÊR"ê¢ �&� *�îf 2V{öB £ 2.5 ml/min~ Ôf
R"ê¢ �&
. ææÚº �ò&Ê& ö�~² �ÿ� > ®
ê� ¸f &ÊR"ê¢ &^¢ >æò *�îf &ÊR"ê&
¸jæ� �ò&Êf �V& b�� ¢Ú¾² >Ú *æWËö
'Ëj ��
. V¢B &ÊR"êº �&� ìÚ¢ �
. V¢
B � 
þöB B�B ææÚ 5 *�îf Ö>� &ÊR"W
j ¾æÚî
. 

Fig. 7f 1300oCöB &²ÖB �ò� ææÚ *ö 20 wt.%
YSZ Ò�Ò� :w z+� *�î~ �� 5 ��~ �^��
�
. 1² z+�~ vþº £ 10µm ;ê� ­f YSZ *�
î [j ;W~&b¾, ~&~æ á�j r > ®
. 3² >�
z+ � £ 30µm ;ê~ YSZ *�î [j ;W~&�, ��
f 1²ö j� vóæò ~&� *�î [j ;W~&
. 

Fig. 8f 10 wt.% YSZ Ò�Ò¢ 3² z+� ææÚ ��"
�� �^���
. 3² z+B 10 wt.% YSZ *�î [~ �
�f 20 wt.% YSZ *�î [�
 z ~&~&�, vþê
10 µm �~~ ­f *�î [j ��î
. V¢B 20 wt.% *
�îö j� vþ& 3ª~ 1� 6²~� ·ÿNê¢ Ôº� W
Ëj Ëç�Ò ©b� .çB
. 

Fig. 9º ��B ææÚ ²Ö ê, *�î z+ ê �Ò� �
V�� z+B ææÚ¢ ¾æÞ �â�
. 

Fig. 7. 20 wt.% YSZ ÒÒ��ÒÒ&& 1²² (²²), 3²² (ÖÖ) zz++BB **��îî~~ ���� (**)"" ���� (jj¾¾).

Table 1. ææææÚÚ~~ VV�� 22¢¢��VV .

Porosity(%) Pore Area(m2/g) Intrusion Volume(mL/g) Average PoreDiameter(þ)

12 %
~ö* 45.8 2.63 0.12 0.19

~öê 53.9 1.65 0.16 0.38

13 %
~ö* 42.5 1.82 0.12 0.26

~öê 48.9 0.80 0.14 0.72

Table 2. ææææÚÚ~~ ;;êêjjvv .

~ö* ~öê

ææÚ (ï6;)
26.24 MPa
(vþ 1.17, � : 2.89 )

-

ææÚ (öÛ&)
29.06 MPa
(vþ : 1.24, � : 1.80)

18.90 MPa
(vþ :1.67 � : 2.73)

*�îz+ê
(ï6;)

56.48
(vþ 0.9, � 2.6)

68.89
(vþ 0.85, � 2.2)

¶²�z+ê
(ï6;)

43.45
(vþ 0.9, � 2.6)

39.66
(vþ 0.85, � 1.9)
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3.3. WËï&
�*æ 
î �zº �zRj ÒÏ~� B·~&� *~÷*
ö ÒÏ~&
. Fig. 10öB¾" �zR 
î�zº &Ê~ >
wç�¢ ¸�V *~� j6j &æ� ®b�, �ò 5 �V~
F«j *� J B~ &j &æ� ®
. 
î�zf *�*~

7/ç�¢ ±² ~� IR dropö ~� *{;~ö ~� *~²

j *�V *� �ò�öº Ni felt¢ 
î�zf *� Ò�
ö *~~² ~� 7/ç�¢ ¸&�, �V�öº W.�j ÿ
¢� ;�� ÒÏ~&
. 6� W. paste¢ ÒÏ~� Ni feltf
W.�~ �;" 7/j ±² ~&
. �zR 
î�z¢ *~
÷*Ú� ÒÏ�b�� £² *~÷*j ÒÏ� > ®îb¾,
9f 7/�ö ®Ú 7/ç�~ ^B6j &^ ôf IR dropj
&^R > ®
. ��¾ � 
þöB Pt¢ *~÷*Ú� ÒÏ~
� jv~&j r jÝ� WËj ¾æÚî
. ��¾ �zRj
ÒÏ~² >�, �NöB Öz>Ú ;W>º Özbïj ;W~
² >Ú ÒÒÏ � ^B6 ®
. 

Fig. 11º 650-850oCöB �ò� ææÚ� �ÚÖzb �ò
*æ~ WËßWj ¾æÚ� ®
. 650oCöB �*æ~ B²�
*{f 1.075 V� ��B²� *{� 1.105 Vf "Ò~¢ ¾æ
Úî�, 850oCr 0.6 VöB £ 600 mA/cm2~ *K&ê¢ ¾æ
Úî
. Nê& 6²�ö V¢ �*æ~ �W"*{� �² ¾
æ¾æ� WË� 6²~º *çj " > ®î
. Ôf NêöB
~ WË6²º *�î~ �N*êê~ 6²ö ~� ©�
. W
Ë�þ ê �*æ~ 2Z*çf &V>æ p~b¾ >wVÚ~
&/¦ªöB �¦'� "�� �� ©b� �'>º ææÚ~
¶ç� ®î
. 850oCöB 0.6ö £ 600 mA/cm2~ WËf ¸
f >&~ WËf jîîb¾ Ôf *{öBê *~&ê& ¾
æ¾ºãËj �jB �*æ �ã�ö *~F 5 *�~ 7/
¦ªöB *{;~ö ~� *~¶
� ®º ©b� .ç>�,
�*æ~ 7/ç�¢ z ¸ªb�B z ¸f *~&ê¢ ¾æ
â> ®j ©�¢ .çB
.  

Fig. 8. 10 wt.% ÒÒ��ÒÒ&&  3²² zz++BB **��îî~~ ���� (çç)"" ����
(~~).

Fig. 9. ��**ææ ;;��  ����BB ææææÚÚ, ²²ÖÖBB ææææÚÚ, **��îî, ��VV��.

Fig. 10. ��**ææ ÎÎ��êê (a)ff 5ÜÜ5 cm2 ��**ææ 

îî��zz (b).
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Fig. 12º �*æ~ ªb~Ê G; Ö"�
. Nê& Ã&�
ö V¢ cell ª�&�(Rp)� �² 6²~&�, f&� Wª�
Rsº �~ ¢;� 8j ¾æÚî
. 850oCöB Ú¦&�f £
0.1Ωcm2~ Ôf &� 8j ¾æÚî�, Rsº £ 0.02Ωcm2

;ê¢ ¾æÚî
. 

5. Ö �

� ��öB 40 vol.% Ni-YSZ cermet ªöj ÒÏ~� r
´¶Ê+»b� 800-1000µm vþ~ ï6; ææÚ¢ B�~
&�, B�B ææÚº 12 wt.% Ö�B¢ ÒÏ~&j r ~ö*
êö '' 45.8%, 53.9%~ V��j &æ�, 650oCf 850oC
öB '' £ 1500 s/cmf £ 900 s/cm~ *V*êê¢ ¾æî
î
. 12 wt.% Ö�B¢ ÒÏ~� ò
Úê ææÚ~ &ÊR"
êº 1V{öB ª� 6 l/min�î
. YSZ ªöj �Ï~� Ò
�Ò¢ ò
�, Ò�Ò :w z+»b� Ò�Ò~ ³ê¢ �.
~� 10µm, 30µm~ ~&� *�îj B�~&
. 10 wt.%
*�î� B�B vþ 10µm~ *�îf 3V{ ~öB 2.5 ml/
min ;ê~ R"ê¢ ¾æî
. 
[~ �V�j ÒÏ~� B
�B �*æº 750oCöB 0.6 V 300 mA/cm2~ WËj ¾æÚ
î
.
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Fig. 11. NNêêöö VV�� ��**ææ~~ WWËËßßWW.

Fig. 12. NNêêöö VV�� ��**ææ~~ impedance ��FF.


