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. �

Ï[êÖ" �ò*æ~ ËV Ú*� ' *�ê ª�~ æz¢ Au, CO2/O2 V&*�� ¦OB �**æ¢ �Ï~�
W�'b� �C~&
. B� 
� �Wº²� ��B J &æ �* *æ¢ Ú*~� ' *�~ ª�j �C� Ö",
�� rJê :f ?� �V�~ ª� �V& �ò�~ ãÖ�
 � ©j 
þ'b� G;� > ®î
. �N ¦�
Oæ¢ *� cell frame~ wet seal ¦ªö Al z+j � *æº 6,000�*ræ WËj Fæ~� ¦�� *æ WË
&~ö � ��j ~� ®rj r > ®î
. �Þ, LiCoO2& z+B n;z �V�f ¢>'b� ÒÏ>º NiO �
V��
 lithiationö jº� �*� ^Ú Ú* .Vö �V� ª�� �� WË� Ô~b¾ æ³'� Ú*b� �V�
� Ïª® lithiation >�B �V�~ ª�� ·jæ� WËê 6N Ã&~&
. Li2CO3/Na2CO3 *�îj ÒÏ� *
æº Ú*7 WË� ~£" çßj >�~º êÿ*çj �&º� �º �ò��
º �V�~ 'Ëb� �C>î
.
&¦ª~ �**æ
� /Ï� WË ~£j �&j ãÖ~ �V� ª�f /Ï® Ã&~&b� ��� Ï[êÖ" �ò
*æ~ >« Ëçj *�Bº �V�~ BF� j>'�¢º ©j r > ®î
.

Abstract. A long-term variation of electrode polarization in the MCFC has been analyzed successfully using a single
cell with a Au, CO2/O2 reference eletrode. Four different cells with different components were operated and their
electrode polarizations were analyzed. As published in the literatures, the cathode polarization was larger than that
of the anode. The more stable operation of a single cell with the Al-coated cell frame up to 6,000 hrs indicates
that the corrosion at the cell frame, particularly wet seal area, plays an important role to determine the lifetime of
a MCFC. At the initial stage of the cell operation, the voltage of the cell using a cathode stabilized by the LiCoO2

coating was relatively low due to the high cathode polarization. As the cell was operated and the stabilized cathode
was lithiated sufficiently, the cathode polarization decreased and the cell voltage was recovered. It was observed that
the voltage of the cell using the Li2CO3/Na2CO3 electrolyte fluctuated with operation time and the cathode polar-
ization fluctuated along with the cell voltage quite similarly. Although the mechanisms of the voltage fluctuation were
not clear yet, the results imply that the voltage fluctuation was related with a reaction in the cathode side. After
testing every single cell, the cathode polarization increased with the steep decrease in the cell voltage. Thus, the
cathode should be improved in order to develop more durable MCFC. 

Key words : MCFC, Reference Electrode, Polarization

1. B  �

Ï[êÖ" �ò*æ(MCFC)º �N(650oC)öB ·ÿ>V r
^ö 
� �ò*æ& <º Ë6 �öê �� &æ Ë6j &

æ� ®
. ¯, ·î~ �N V&Ê¢ �Ï� > ®Ú �÷�B
*ö wÏF> ®j öò jî¢ &{Ú*� &Ë~� &ÊV
n" �ê� ��B*öê wÏF > ®
. V¢B Ï[êÖ"
�ò*æ¢ BB~� çÏz~Jº �K� æÂ 20j* Þ&®
ê¯>Ú^ &rÚ Ë¾ö çÏz¢ �v� ®
. ~æò Ï[
êÖ" �ò*æ& çÏz>V *�Bº ­ &æ �Ö�¢� ^
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B6j &æ� ®
. � 7 &Ë �/� ^Bº Ï[êÖ" �
ò*æ~ >«�
. ãBWj �J� ªC Ö", Ï[êÖ" �
ò*æº WË &~N £ 3 mV/1,000 hr �~� £ 40,000�*
�ç~ Z�> Ú* �*j {ã~�¢ çÏz& &Ë~
� r
J^ ®
.1) ~æò *Ò 40,000�*~ Ú* ãþf ¢�~
Osaka National Research InstituteöB B�~&j ö�� �

þê Ê�� jò ²; �**æ¢ �Ï� ©�î
.2) 
Ï[êÖ" �ò*æ~ ËVÚ*j O�~º º�b�º NiO

cathode~ Ï�, *�î ¶
, ªÒ6~ ¦�, matrix~ �� �
�� &æ& rJ^ ®
.1) ��� ^B6
f *æ~ WË &
~, ¯ *{ ¶
j .¾~V r^ö ;{� *{ ¶
~ �C
f Ï[êÖ" �ò*æ~ ËVÚ*j 
*~º� 
Ö 7º�
��j �
. V¢B Ï[êÖ" �ò*æ~ *{ ¶
j �C
~Jº �K� Þ&® ê¯>Ú^z
. Leef � ÿò
f *
~�£»j �Ï~� Ï[êÖ" �ò*æ~ ª�j �C~&

.3) ~æò *~�£»f *æ *Ú~ ª�j G;� >º ®
æò ' *�~ ª�f �C� > ìÚB *æ~ WË &~&
*æ~ ÚÊ ¦ª~ ^B6b�¦V ¢Ú¾ºæ r >& ì
.
�ö j� v~ ªb~Ê»f ' *�öB~ ª� � Ï[êÖ
" �ò*æ~ *Vz� ßWj G;� > ®æò4) � �C�
Ú[V r^ö *Òræê �CO»� j*® ;ã>æ p� ®

. 
ª�~ 'Ë� ì� n;� B 3~ V& *�j *æö J~
~� 
� *�"~ **N¢ G;� > ®º â*�»f in-
situ� ' *�~ ª�j �C� > ®º O»�
. Ï[êÖ"
�ò*æ~ ãÖ, �NöB Ï[êÖ"� V& *�j ¦��B
V& *�~ **& n;~æ pj V& *�~ B·� Ú[

� rJ^ ®
. ~æò B>� ., .-:¢ö �. (80 :20) �
b� ò� V& *�� �N ¦�~ 'Ëj b� > ®
� r
Jê ê,5) Arganof Levitanf B>� .j ÒÏ� v B~ V
& *�j Ï[êÖ" �ò*æö ËO~� � n;Wj {�
~&
6). 6� Trachtenbergº V& *�j ËO� �**æ~
*� >wj *~�£»j Û~� �C~&
.7) ~æò V& *
�� ËOB *æ~ ËV Ú*j Û� *æ~ WË æz 5 '
*�~ ª� æzö &� ��º *Z� 
;�
. 
� ��öBº B>� .j ÒÏ� V&*�j ËO� �*
*æ¢ B·~� Ï[êÖ" �ò*æ~ ª� æz¢ ËVÚ*
j Û� �C~� Ï[êÖ" �ò*æ~ WË &~~ º�j
2k~�¶ ~&
. 6� 
� «~~ �Wº²� B·B �*
*æ~ Ú*b� �Wº²~ ï& 5 'Ëj �C~�¶ ~&
. 

2. 
  þ

2.1. �**æ~ �W 
V&*�� ËOB �**æ~ �Wêº Fig. 1(a)ö ¾æî

. ¢>'b� ÒÏ>º �**æ~ �V� G cell frameö æ
ª� 12 mm� �sj Ñ� � *ö Êr�.Ê Ê� &j Ï
7~� V&*�j ã«� > ®ê� ~&b� V&*�� *
�î 5 matrixö 7/� > ®ê� current collectorf *�ö
ê �sj ÑÚ r��¾ Â2¢ ã«~&
. r��¾ Â2º
V&*�j ææ~� reference &Ê~ F« 5 VÂ Û�¢ B
�~V *~� �7& ;�� B·>î
. V&*�" matrix
5 *�î� 7/>º r��¾ Â2 ~�¦öº "
Ò¢ �
W~� ÿ�ö &Ê~ b�j Oæ~V *~� matrixf *�
î green sheetj �� Ë IÚ"î
. V&*�b�º Au,

CO2/O2j ÒÏ~&
. 
� 
þöB ÒÏB 4B~ �**æ
f 'V 
� �Wº²
� ��~� Ú*~&b� � �Wº²~ ��" bWº Table
1ö ¾æî
. Cell Aº ¢>'b� Ï[êÖ" �ò*æö Ò
Ï>º �Wº²
 ¯, �V�b�º 
�W NiO, �ò�b�
º 
�W Ni-Cr �Ò� LiAlO 2 matrix¢ ÒÏ~&b� *�î
�º Li2CO3/K2CO3¢ ÒÏ~&
. ' �Wº²
f tape-
casting �;b� B·>î
. Cell Bº wet seal ¦ªö ¦�
OæÏ Al z+j � cell framej ÒÏ~&� Cell Cº NiO
ÏÂ &6Î"& ®º Co¢ z+� NiO �V�j ÒÏ~&
.
6� Cell Dº Li2CO3/Na2CO3 *�îj ÒÏ~&
. Cell B,
C, �Ò� D~ �Wº² 7 *öB Þ/~æ pf ©
f Cell

Fig. 1. Schematic diagram of (a) single cell with reference electrode
and (b) test station.

Table 1. Physical properties of components used in single cells

Cell A Cell B Cell C Cell D

Anode
Material Ni-Cr Ni-Cr Ni-Cr Ni-Cr

Porosity (%) 54 59 57 57

Cathode
Material NiO NiO Co-NiO NiO

Porosity (%) 68 69 68 68
Electrolyte Li/K Li/K Li/K Li/Na
End Plate SS Al-SS SS SS
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AöB ÒÏ� �Wº²f ÿ¢� ©
j ÒÏ~&
. 

2.2. *æ~ Ú* 5 G;
��B �**æº Fig. 1(b)ö ¾æÞ :f ?f �* *æ

stationö ËOB ê, air cylinderö ~� £ 2 kg/cm2~ �{b
� {O>Ú 7/&�j �²z~&
. ËOB �**æº tape-
casting �;j *� ' �Wº²ö Î&B Î&B¢ B�~�,
�V�~ in-situ Öz¢ *� � 
þ
öB {ãB *¾Ò �
�j Û� 650oCræ ßN>î
. �, Li2CO3/Na2CO3 *�îj
ÒÏ� Cell Dº Êr�.Ê Ê�~ �ç ¦�� rJê 450~
600oC º*öB j�
j �/~º *¾Ò �;j ÒÏ~� ß
N~&
. 6� �**æ~ wet-seal~ ¦�j Oæ~V *~�
�**æ ÞÚ "æö î² VÚ¢ *¾Ò ";" �**æ Ú
* 7ö ê³ ~J"î
. 
*¾Ò ßN "; �ê, *æ~ Nê& ;ç Ú* Nê�

650oCö ��� �V�" �ò�ö ;ç Ú*&Ê¢ ~J"Ú
�**æ& ·ÿ~² ~&
. �V� F« &Êº �Vf CO2

& 70 :30b� b�B &Ê¢ ÒÏ~&b� �ò� F« &Ê�
º H2, CO2 �Ò� H2O & '' 72 :18 :10b� b�B &Ê
¢ ÒÏ~&
. ' *�b� F«>º &Ê~ Fïf *~ &ê
150 mA/cm2öB &Ê �ÏN 0.4& >ê� �.~&
. V&*
� F« &Êº O2f CO2¢ 2 : 1~ jN� MFC¢ Û~� £
50 m/min.~ F³b� �/~&
. ç^� 
þ ��f Table 2
ö ¾æî
. 
*æ& Ú* Nê� 650oCö ê�~� ;ç &Ê¢ �/�
�ê¦V ¢;� �* *Ïb� *æ~ WË 5 ª� ßWj
G;~&
. �**æ~ B²�*{(OCV), *~&ê 150 mA/
cm2öB~ *æ*{, V& *�" ' *�
~ **N �Ò�
Ú¦&� G; �j Û~� *æ WË" ª� ßWj &V~&

. 

3. Ö" 5 Æ~

'' 
� �Wº²� ��B 4B~ �**æ¢ Ú*~� *
æ~ WË 5 V&*�" ' *�~ **N¢ G;~&
. '
*æ
f WË &~& /Ï® ê¯F rræ Ú*>îb� �
**æ~ ËVÚ* 7 WË 5 ª� �C~ Ö"º 
r" ?

.

3.1. .V WË 5 ª�
Table 3öº ' *æ~ .V WË, *� ª� 5 &� ¶
j
¾æî
. ' *æ~ .V B²� *{f 1043-1067 mV Ò�
öB G;>î� 150 mA/cm2öB~ WËf 786-838 mV Ò�
öB G;>î
. �-² �ò*æö ¦~¢ �Ú *~& v¢
r *æ~ *{� B²� *{�
 Ô² G;>º �Fº *�
>w~ j&�Wö V�� *�~ ª�¶
 r^�� ��� ª

� ¶
f 
r" ?f �b� ¾æâ > ®
.

(1)

�VB Eº *æ~ 
B *{j ¾æÚ� E0º B²� *{
j ¾æÞ
. 6� LN" LIRf '' Nernst ¶
 5 IR ¶
j
¾æÚ�, ηa" ηcº '' �ò�" �V�öB ª�ö ~� *
{¶
j ¾æÞ
. Nernst ¶
f >w &Ê& >w~�B �
Vº ³ê æzö ~� �Vº ���' ¶
�� *Vz� >
wf �V�" �ò� ÎvöB ¢Ú¾V r^ö · ã *�ö
B 
 B�~²B
. 6� IR ¶
f *æ~ Ú¦ &�ö ~�
¶
� *�öBöò jî¢ 
� �Wº²~ *V &�ö ~
�Bê ¾æÂ
. V¢B V&*�" ' *� Ò�~ **N¢
¦~& ìj rf ¦~¢ "îj r '' G;~� áf ' *
�~ *{ ¶
f ' *�~ ª�, IR ¶
 �Ò� Nernst ¶

j ��� *�öB~ *{ ¶
j ¾æÚ²B
. 
�ö ¾æÞ :f ?� ' *æ& 150 mA/cm2öB ¾æÞ
.V WËf � N�¢ �&
. ¢>'b� ?f �Wº²� �
WB �**æ¢ê WËf B� 
�² ¾æ¾º� � "B �
Fº *�î~ V~, 7/&� �� �**æ~ ËO æ>
 r
^�
. ' *æ~ .V WË ÞN¢ ç^® ªC~V *� '
*�öB~ *{ ¶
j ÚÚ�� ?f «~~ *�" *�î
j ÒÏ� Cell Af B~ ãÖ, �V�~ *{¶
 N�º
1 mV� �~ N�¢ ��æ pæò �ò�~ *{ ¶
 N�
º -11 mV� Cell B~ �ò� *{ ¶
� ·j WË� z
¸f ©b� ¾æÒ
. n;z �V�j ÒÏ� Cell Cº &Ë
Ôf .V WËj �&º�, � .V ª�j ÚÚ�� �ò�~
*{ ¶
f 73 mV� &Ë Ôf 8j ¾æÚæò �V�~ *
{¶
� 164 mV� 
� *æ�
 z 
B *æ WË� Ôf
©j r > ®
. �-² n;z �V�öB~ .V *{ ¶

� � �Fº LiCoO2& z+B n;z *�� j*®
lithiation>æ p~V r^�¢� 6�B
. �ö &� ç^� J
«f 3.3.ö VF~&
. 6� Li2CO3/Na2CO3 *�îj ÒÏ
� Cell D~ ãÖ, �ò�öB~ *{ ¶
f 104 mV� ¾æ
Ò� �V�~ *{ ¶
f 169 mV� 
� *æö j� ¸f
©b� ¾æÒ
. V¢B Cell CöBf ?� Cell DöBê �
ò� �
º �V�~ ª�ö ~� *æ~ WË� Ôjrrj
r > ®î
. �-² Cell D~ �V� ª�� � ©f
Li2CO3/Na2CO3 *�î~ Ö² Ï�ê& ç{ MCFC Ú* �
�öB Li2CO3/K2CO3 *�îö j� ·j �V�öB~ *�
>w� ¶ÒV r^�
.

Table 3öº ' *�~ *{ ¶
öB Nernst ¶
j B��
8j Pa+ IRa" Pc + IRc� ¾æîb� � 8f *�~ ª�"
� *�öB~ IR ¶
j ¾æÞ
. � r �V�" �ò�~
Nernst ¶
f � ��
öB �**æ~ Ú*j Û� áÚê

E E0 LN– LIR ηa ηc+ +{ }–=

Table 2. Single cell operation conditions

Item Operating Condition
Temperature 650

Pressure 1 atm
Gas Utilization 0.4 at 150 mA/cm2

Anode Gas H2/CO2/H2O = 72/18/10
Cathode Gas Air/CO2 = 70/30

Reference Gas O2/CO2 = 2/1

Table 3. Electrode polarization of single cells

Cell A Cell B Cell C Cell D
OCV 1060 1067 1043 1058

@150 mA/cm2 822 838 786 787
Total Loss 238 229 257 271

Anode Loss 102 91 73 104
Cathode Loss 136 137 185 169

Pa + IRa 44 33 15 46
Pc + IRc 115 116 164 148

Total IR Loss 42 72 62 59
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V�8j ÒÏ~&
. �öB ��� �W º²ö &êì� Cell
A, B, C �Ò� D ÎvöB Nernst ¶
j B�� �V�~
ª�� �ò�~ ª��
 � 8j ¾æÚ� ®
. Cell A, B,
C �Ò� DöB~ Nernst ¶
j B�� �V�" �ò�~ ª
� ¶
~ N�º '' 71, 83, 149, �Ò� 102 mV� ' *
æ~ *Ú IR ¶
8 �
ê z � 8j ¾æÚ� ®
. ¯,
*æ *Ú~ IR ¶
� Îv �V�öB FBB
� &;~�
ê �V�~ ª�� �ò�~ ª� �
 � 8j ¾æÚ� ®

. V¢B MCFCöB �V�~ ª�f �ò�~ ª��
 �
©j r > ®b� �º �V�öB~ *� >w� �ò�öB
~ *� >w�
 
Ö ¶Ò
º ©j ¾æÞ
.

3.2. Wet-seal¦~ Al  z+ Î"
¾Ò& >æ pf Êr�.Ê Ê� (SS 316 L) cell framej
ÒÏ� Cell Af Êr�.Ê Ê� cell frame~ wet seal ¦ª
ö ¦� OæÏ Al z+j � Cell B¢ 150 mA/cm2~ ¦~¢
�Ú& ç�öB ËVÚ*j ~�B *æ~ WË æz 5 ª�
j G;~&
. Ú* �*ö V� Cell A~ WË æz 5 V&
*�" ' *�~ **N~ æz¢ '' Fig. 2f 3ö ¾æÚ
b� Cell B~ WË æz 5 ' *�~ ª� æzº Fig. 4f
5ö '' ¾æÚî
. Al z+� >Ú®æ pf Cell Aº
1,500�* �ê /Ï� B²� *{~ ~£" �þ WË�
700 mV �~� ÎÚ^B 2,000�*öB Ú*j 7�~&�, Al
z+j � Cell Bº £ 5,500�* Ú* ê *æ WË� /Ï
® ~£~� 6,000�*öB Ú*� 7�>î
. 

Cell Aº Fig. 2ö �� ©¾" .V 1,000�*ræº WË�
Ú*.V 0.822 VöB 841 mV� J®J Ã&~&æò, �ê B
B® 6²~V �·~� 1500�* �êöº /Ï� B²�*{
~ 6²f �þ *æ WËê 6²~&
. *~&ê 150 mA/cm2

öB �& WËj �&~ 500�*öB B²�*{� Fæ>î
~ 1,500�*ræ~ Cell A~ WË&~Nf 23 mV/1000 hr�
êÖ>î
. � 8f Al z+� nB �**æ~ ËVÚ*öB
¢>'b� &VB 8
" ¢~�
. 1,500�* �êö Cell A
& �� /Ï� WË~£f "� B²� *{~ 6², ¯ &Ê
crossoverö ~� ©�
. ¯, Fig. 3öB ��� *�ª�~ �
ê 5 Ú¦&�~ Ã&& Ú*�* 2000�*öB~ WË�
662 mV¢ .¾� ò¢ �æ pröê ®�~�, �¾" Ôf
WËj �� �Fº matrix~ �� _f ¦�ö ~� "ê�
*�î ²Îö ~� &Ê crossover& B�~� ' *�ö F«

B &Ê
� B� D� &Ê~ �W� :2îV r^�
. Ú*
�*ö V� Cell A~ *�ª� æz¢ ÚÚ��, *Ú *�ª
�~ �f �&WËj �&~ Ú*�* 500�*öB �²~
219 mV¢ V�� ê BB® Ã&~� Ú*�* 1500�*öB
236 mV� £ 17 mV Ã&� Ö"¢ �&
. ��¾ �ò�~
ª�f 92 mVöB 85 mV� J®J 7 mV 6²� >�, �V�
~ ª�f 127 mVöB 151 mV� 24 mV Ã&~� ËVÚ*�
�V�~ ª� Ã&& *æ WË ~£~ "ö�� Nj r >
®î
. ��� �V�~ ª�Ã&~ ö�f NiO Ï�ö ~�
*� �^��æz, *�î ¶
ö ~� *�ª�~ Ã& _f
cathode ÷*6~ ¦��ö ~� Ú¦&� Ã& �� ®j >
®b�, *æ>«~ �Ëj *�Bº �V�~ BF ��& j
º~
º ©j r > ®
.
�Þ, wet seal~ Al z+b� ¦�ö ~� *æ WË~ &~
¢ Oæ� Cell Bº Cell Af 
� ËVÚ* ßWj �&
.
ÖF Fig. 4ö ê�B ©¾" Cell B~ 3,500�* ÿn~ WË
&~Nf 2 mV/1000hr �~� Ö>� ßWj ��� ®
. ß
® 1,800�*öB ;*b� �� *æNê& 180oCræ ÎÚæ
º .;ö ì~ thermal cycle� ®îrj �J� r, �©f

Ö Ö>� Ö"�
. �f ?� Ö>� WËj ¾æÚº �F
º jç ª«~ pæò Al z+ö ~� ¦�� *Ú
îV r

Fig. 2. Long-term performance of Cell A. Fig. 3. Variation of overpotential of Cell A with operation time.

Fig. 4. Long-term performance of cell using Al-coated cell frame
(Cell B).
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^�¢� º;B
. 
Cell B �� 500�*ræº WË� .V 0.812 VöB

0.843 V� Ëç>º *çj �&º�, �©f �V�~ Özf
lithiationö V� �V� ª�� 149 mVöB 133 mV� 16 mV
6²>� �V� *V*êê& Ã&~� Ú¦&�� 4.8 mΩö
B 3.6 mΩb� 6²~&V r^�
. � �* ÿnö �ò�~
ª�f Cell A~ ãÖfº �Ò £ 11 mV Ã&>º *çj
�&�, �©f anode~ V�N 6²& Ú* .Vö ÷7>V
r^�¢� º;B
.
�¾" 3,500�*ræ 2 mV/1000 hr~ Ö>� WË&~Nj
��~ Cell Bê �ê¦V 5,000�*ræ~ WË&~Nf £
23 mV/1,000 hr� ��² Ã&~&�, 5,100�*öB ®î~ ;
*b� �� 1.5�* ÿn~ b �/ 7� �êöº £
50 mV/1,000 hr~ ³ê� /Ï® WË� 6²>î
. &Ê
crossover ;ê¢ ¾æÚº anode V&Ê 7~ î² �ïê
3,500�*ræº 2% �òj Fæ~&b¾, � ê ��² Ã&
~� 3,700�*¦Vº 4% �ç~ 8j �&
. � 6b� ��
Ú " r, &Ê crossover& WË &~~ � º�b� ·Ï�j
r > ®
. Ò� �*ræ 5,000�* ÿn~ ï� WË&~N
f £ 9 mV/1,000 hr� êÖ>Ú � 
þ
öB æ.ræ áÚ
ê Al z+B �**æ
� �&~ 8-13 mV/1,000 hr~ WË&
~N" ¾ ¢~~� ®
. 

Fig. 5ö ¾æÞ Cell B~ ' *�ê ª�j ÚÚ��,
anode~ ª�f Ú* B��¾ Þ&® 6²~� 3,500�*öB
º 53 mV� G;B >�, cathode~ ª�f ê³ Ã&~�
182 mV� G;>î
. � 8
j .V~f jv~� anodeöB
~ ª�f 39 mV 6²~&�, cathode~ ª�f 45 mV Ã&~
� � �*öB~ *Ú WË 6²ª 7 mV& cathode ª� Ã
& r^ªj r > ®
. ��� cathode ª� Ã&ö ~� *
æ WË 6²º 
� *æöBê &VB ©�æò, anode ª�
6²º .ç <~ Ö"�
. �f ?f *çf 
B� *�~
ª�� æz®V r^�¢V�
 Ú*�*� Ã&�ö V¢
reference *�~ r��¾ Â2 ~�ö *~� matrix 5 *�
î~ ��~ æz, . *�~ *~ æz �b� �� reference
*�~ V& **& æ~V r^b� 6�B
. ���
reference *�~ V& **æzº *æ~ �¦ö *~� B3~
reference *�b� �;~�¢ ~æò �NöB ·ÿ>º Ï[

êÖ" �ò*æöB~ reference *�~ �;f Ò
ç ®&Ë
~
. r^ö â*� �**æ¢ �Ï~� ' *�~ ª�j ;
{~² G;~V *�Bº reference *�~ V&**¢ n;'
b� Fæ�¢�
. *Òræ~ ãþb� �j reference *�~
** n;f ËO ��, ¯ r��¾ Â2 ~�ö *~� .*
�~ *~, matrix 5 *�î~ · 5 � *~ �ö ~� �¢
æº ©b� º;B
. ��� ºGf �& **& jv' n;
'b� Fæ>î~ Cell C~ ª� æz¢ ãÖ¢ �� {�B

. 

3.3. n;z *�j ÒÏ� *æ
LiCoO2& 5mol% z+B n;z �V�j ÒÏ� Cell C~
Ú* �*ö V� WË æz 5 ' *�~ *{ ¶
f Fig.
6" 7ö ê�~&
. Fig. 6öB ��� Cell Cº £ 2,500�*
ræ 800 mV �ç~ WËj Fæ~&b¾ � ê /Ï� WË
&~� £ 3,000�*öB Ú*j 7�~&
. � *æ~ WËf
.Vö 786 mV� jv' Ô² G;>îb¾ �ê 6N Ã&~
� £ 500�* �êöº 848 mVræ Ã&~&
. � r Fig.
7ö ¾æÞ ' *�~ *{ ¶
j ÚÚ�� �ò�~ *{ ¶

f 68 mV� £* 6²~&� �V�~ *{ ¶
f 148 mV
� �² 6²~&
. V¢B V¢B n;z *�j ÒÏ� Cell
C~ .V WË Ã&º �V�~ *{ ¶
� 6²~V r^�

Fig. 5. Variation of overpotential of cell Using Al-coated cell frame
(Cell B) with operation time.

Fig. 6. Long-term performance of cell using stabilized cathode (Cell C).

Fig. 7. Variation of overpotential of cell using stabilized cathode
(Cell C) with operation time.
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©b� ¾æÒ
. �-² .Vö �V�~ *{ ¶
� 6²~
º ö�f �B J«� :f ?� �V�� *¾Ò "; 7ö
Ïª~² lithiation>æ pj *V *êê& Ôf ç�� ®

& 6N lithiation>Ú *V *êê& ¸jrV r^�
. �º
Fig. 6ö ¾æÞ *æ~ IR� .Vöº ¸
& 6N� Ôjæº
©b� {�� > ®
. n;z �V�j ÒÏ� Cell Cº .
Vö *æ WË� ²�>º �*� 
� *æö j� Z ©b
� ¾æÒº� �º Ni�
 Co& lithiation>V& Ú[V r^
ö �Vº *çb� ªCB
.
£ 500�* �ê Cell C~ WËf 848 mV� Ã&� ê £

2,500�*ÿn 6N� 6²~&
. � r Fig. 7öB ���,
Cell C~ *Ú ª�f £ 21 mV Ã&~&b� �V�" �ò
�~ *{ ¶
� '' 11 mVf 10 mV Ã&~� �V�" �
ò�~ ª�~ Ã&& 6N'� *æ WË &~ö 'Ëj �


. £ 2,500�* Ú* �ê Cell C~ WËf /Ï� WË &
~¢ �&º� � r �ò�~ *{ ¶
f £ 5 mV Ã&�
>�ö �V�~ *{ ¶
f 60 mV Ã&~� � ãÖöê �
V�~ ª� Ã&& WË 6²~ "ö�ªj ��"� ®
. 

3.4. Li2CO3/Na2CO3 *�îj ÒÏ� *æ
Li2CO3/Na2CO3 *�îj ÒÏ� Cell D~ Ú* �*ö V�
WË æzf ' *�~ *{ ¶
f Fig. 8" 9ö ¾æî
.
Cell D~ WËf Ú* .Vö 
� *æfº 
� ·ç~ æz
¢ �&
. £ 20�* Ú* ê OCVº 1021 mVöB 1058 mV
� çß~&�, 150 mAöB~ WËf 806 mVöB 787 mV�
/Ï® 6²~&
. ��� Cell D~ .V WË 6²º G;Ë
~~ J~ö V�� ©b� G; Ë~~ �> 5 �;b� B
F>î
. �ê Cell Dº £ 1,300�* Ú* ê WË� /Ï®
~£~� Ú*� 7�>V *ræ OCVº "� 1050 mV �ç
b� n;'b� Fæî�, 150 mA/cm2öB~ WËf £
770 mV �çb� Fæ>î
. .V WË ~£ �ê¦V WË�
/Ï® ~£~V *ræ £ 1300�*~ WË &~Nf £
11 mV/1000 h� Cell Aö j� Ôf WË &~Nj �&b¾
�ê £ 1500�*¦V Cell D~ WËf /Ï® ~£~� £
2,200�* �ê Ú*j 7�~&
. WË� Fæ>º ÿn~ '
*�~ ª� æz, ß® anode~ ª� æz¢ ÚÚ�� 
Ö n
;B ãËj ¾æÞ
. �r, anode~ ª�f "� 72 mVöB
104 mV Ò�öB G;>î�, cathode~ ª�f 169 mVöB
239 mV Ò�öB G;>Ú Li2CO3/K2CO3j ÒÏ� *æöB
f ?� cathode~ ª�� anode G�
 z � ©b� G;>
î
. 

Cell Dº 
� *æf �Ò WË� Ú¶ ;ê Fæ>º ÿn
öê WË� ~£" çßj >�~� êÿ~º ãËj �&
.
��� WË~ êÿ ;çf *æ Ú* ê £ 20 -360�*, £
360 -700�* �Ò� £ 1030 -1370�*öB ^ ® ¾æÒb�
�7 £ 1030 -1370�* Ò�öB ¾æÂ ©� 767 mVöB
736 mV �Ò� 
� 772 mV� æz~� � êÿ�� &Ë �
² ¾æÒ
. �r~ ' *�~ ª� æz¢ ÚÚ��, Fig. 9
öB ��� ;{~² ¢~~æº pæò anode ª��
º
cathode ª�� *Ú ª� æzf jÝ� ãËWj �� ®º
©b� ��
. V¢B ��� êÿ*çf anode G�
º
cathode Gö � ö�� ®j ©b� ºG>� *Òræ ���
WË~ êÿ*ç~ ö�f ;{® rJææ p~
. 

Cell Dº £ 1,300�* Ú* �êö /Ï� WË ~£j �
&º� �º � 
þ
öB Ú*B 
� Li2CO3/Na2CO3 *�

îj ÒÏ� *æ
�
 >«� 
f ©�
. Cell Df jv'

f �*j Ú*>îV r^ö *�î ¶
ï� ôæ pj ©
b� ºGB
. V¢B *�î ¶
ö V�� &Ê~ crossover
& *æ WË~£~ ö�� >æº p~j ©��, �º Ú*j
7�� rræ ¸² FæB B²�*{b� {� � > ®
.
V¢B Cell D~ ãÖ, *æ Ú* 7ö B�� >² �/ 7�
" *ö �/ 7� Ò�& *æ~ ' �Wº²
ö 'Ëj �
ö >«� 
jê ©b� 6�B
. 

4. Ö  �

V&*�j �* *æ ÞÚö ËO~� ' *�~ ª�j G
;� > ®º *æ¢ B·~� Ú*~&
. B� 
� �Wº²
� ��B J B~ �* *æ Ú*j Û� 
r" ?f Ö�j
áî
.

(1) Ï[êÖ" �ò*æöBº �V�~ ¶Ö *� >w r
^ö ª�� �ò�~ ª��
 �
� rJ^ ®
. � ��ö
Bº V& *�j ËO� �**æ~ Ú*b� �V�~ ª�
� �ò�~ ª��
 � ©j 
þ'b� {�~&
.

(2) *æ Ú* .Vöº *¾Ò ";öB �V�� Ïª®
lithiation>æ pj �V�~ ª�� 
æ� *æ~ WË� Ôj

Fig. 8. Long-term performance of cell using Li2CO3/Na2CO3

electrolyte (Cell D).

Fig. 9. Variation of overpotential of cell using Li2CO3/Na2CO3

electrolyte (Cell D) with operation time.
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æº ãÖ& &V>îº� �º Co& z+B n;z �V�~
ãÖö v��æ² ¾æÒ
. �º Co& NiO�
 lithiation>
V Ú[V r^�
. ~æò æ³'� Ú*j ~� �V��
lithiation>� *V *êê& Ã&~�B �V�~ ª�� 6²
~� WË� ²�>º ©b� ¾æÒ
.

(3) Cell frame~ wet seal ¦ªö ¦� OæÏ Al z+j
� *æº ¦�ö~� *�î ¶
 &6 �ö~� Î"� ï�
�**æ~ >«�
 £ 2,000�* �ç ¾ÚÂ 6,000�*j Ú
*� > ®î
.

(4) Li2CO3/Na2CO3 *�îj ÒÏ� *æ~ WËf çß"
~£j >�~� êÿ~º ãËj ¾æîº� ;{~² ¢~~
æº pæò �V�~ ª�ê WË~ êÿ" jÝ~² êÿ~
º ãËj �&
. V¢B ;{� ö�f {�� > ìæò
Li2CO3/Na2CO3 *�îj ÒÏ� *æ~ WË êÿf �V�
Gö � ö�� ®rj r > ®î
.

(5) *æ
f WË� /Ï® &~� rræ Ú*>îb� W
Ë� /Ï~² &~F r~ ' *�~ ª�j �V� � Ö"
&Ú� �V�~ ª�� Ã&�j r > ®î
. V¢B Ï[ê
Ö" �ò*æ~ >«j Ã&�ÊV *�Bº �V�~ WËj

BF�B¢ �
º ©j r > ®î
. 
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