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. �

Ï[êÖ" �ò*æ~ WË &~f >« 6²~ ö�� >º ¦� *çj �«~�¶ ªÒ6 Òò� &Ë 6Ò ÒÏ
>� ®º AISI-type 316 L stainless steelj &çb� 62Li/38Kê Ï[êÖ" ÚöB~ ¦� 
þj >¯~&
. ¦
�~ ;� 5 ³êº ~ãö ~~� 
·~² æz~² >�, Ï[êÖ" ÚöB AISI-type 316 L stainless steel~
¦� ³êº ¦� >wö ~~� ;W>º ¦ÿ� Özï~ n;Wö ~~� �² 'Ëj Aº
. *Vz�' ª� �
ÿj ªC� Ö" Ï[êÖ" �ò*æ~ anode &Ê ª*VöBº n;� ¦ÿ� Özï� ;W>æ p~
. B~ *
{-*~»" ;**»j �Ï� ¦� �Wb~ X-ray ªCj Û~� ß;� *Vz�' ** '�öB >wV�f~
�"&ê¢ �«~� 
·� ;�~ ¦� >w
j ªÒ� Úî
.

Abstract : The corrosion of the metallic cell components is known to be one of the major reason for the performance
degradation and subsequently the life-time limitation of the MCFC. To elucidate the corrosion phenomena, a corrosion
study with the AISI-type 316 L stainless steel, the most widely used separator material, in 62Li/38K carbonate eutectic
melt was carried out. Corrosion phenomena in an MCFC were observed to differ from one location to another due
to different environmental condition. The stability of passive film was found to be responsible for the variations in
corrosion phenomena. According to the potentiodynamic analysis, the passive film formed in anode-gas environment
was less stable than in cathode-gas environment. The potentiostatic method combined with XRD analysis in addition
to the cyclicvoltammetry was conducted to get an insight on variety corrosion reaction of AISI-type 316 L stainless
steel in a carbonate melt.

Key words : MCFC(molten carbonate fuel cell), AISI-type 316L stainless steel, corrosion, passive film, separator.

1. B  �

Ï[êÖ" �ò*æº 650oC~ �NöB Ú*>V r^ö
j" /
¢ ÒÏ~æ p�ê *Vz�>wj &³z�Ò > ®
� �N~ ö�j �Ï� > ®º Ë6� ®
. 6� �ò�º
>² �ö ¢Özê² �j ÒÏ� > ®Ú �ò~ *¾Ò �

;� �
 *Þ~�, *æ ÚöB �ò~ Bîj �ê� >ê
®ÚB Â�&Ê, ¾*æ, zêR, Cê &Ê�" ?� 
æzB
�ò¢ ÒÏ� >ê ®
. �**æ~ *{ê �Ö; �ò*æ
ö j� ¸� ö�j �Ï� bottoming cycle� &Ë~V r^
ö B*ÎN �öBê Ö>~
. V¢B Cê &Êz �;" Ï
[êÖ" �ò*æ B* �Ê�j �ê�Êº &;~ �ÎN �
� B* �Ê�~ BBê �B® ê¯>� ®
1-3).
��¾ Ï[êÖ" �ò*æº 650oC~ �NöB ¦�W�
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;� Ï[êÖ"j *�î� ÒÏ~æ� ªÒ6 5 ÷*6 �
*æ �W º²~ ¦�� B�~² >�, anode~ creep 5
cathode~ Ï�*ç � *� Òò~ n;W �öBê ^B6�
®b�, *�î~ &Ò& ç&'b� Ú[
4). ß® ªÒ6~
¦� *çf *�î 7~ Li �Nj ²Î�B *�î~ ¶
j
&^R ö jî¢ ªÒ6 5 ÷*6 *~ *V*êê¢ ÎÚN
J *æ~ Ú¦&�j Ã&�Ê² >Ú ËV Ú* �ö *æ~
WËj &~�Êº ö�� >æ�5,6) *æ Òò~ ¦�^Bº
Ï[êÖ" �ò*æ~ 
Ïz¢ *~� >�� �Ö>Ú¢�
"B�� �¢ *� Úê'� ��& jº~
.
Ï[êÖ" �ò*æÏ ªÒ6~ ¦� ¦*º �² anode~
÷*¦ f cathdode~ ÷*¦f wet-seal¦� ¾2 > ®
.
Donado �5)ö ~~� Ï[êÖ" �ò*æÏ ªÒ6~ wet-seal
¦~ ¦�ö &� ��& B�B �êö, Ï[êÖ" �ò*æ
~ Ú*~ãö '�� Òò~ F;j *~� �� &æ ªÒ6
Òòö &� ¦� ��& �� ��¶
ö ~~� ê¯>î
.
��ö ÒÏB Òòº ¾röº Æ, ��, î., �Ò �~ �
¢.³ Òò& "«�îb¾6-11), 6N� �¢.³ Òòö j~
� ç&'b� Ú�W� �ÚÂ stainless steel, î.-Æ �. �
Ò� î. V&�. �~ �.Òò� {&>î
12-14). ���
�.Òò& �ÚÂ Ú�Wj <²>º ©f ���¾ r��ª
�j ��~º Òò
� ¦�� ��ö ;W~º ¦ÿ� bï
~ ��ª� �«>î
.

Stainless steel~ ¦�
þ Ö" ��öº "� Æ-ÒÒ Öz
b� ;W>�, � nãö Ú�W� �ÚÂ Cr2O3 �~ ��
Özb� �Ò~�, Özb [~ nã Vîf î.~ �ïf ô
� ��� Ös>Ú êz *ç 5 "6z *ç� ��>î
15).
425oC-815oC Ò�~ Nê º*öB Fe-Cr-Ni JÊr¾�Þê
stainless steel� "6zö ~~� «ê¦�� ¢ÚÆ > ®
º
©f ¾ rJê Ò
�
. ê²~ �ï� jv' 'f AISI-
type 316 L stainless steelf &N ¦�öB "6zö 
Ö Ö
>� ßWj &æº ©b� ��>îb¾16,17), Ï[êÖ" �ò
*æ~ Ú* Nêº ¢>'b� 650oC ¦"�æ� � Òî~
ªÒ6j ÒÏ~&j r £² "6z>Ú «ê¦�� B�~º
©� &V>î
18,19).
Ï[êÖ" �ò*æf &N� ¦���ö ®ÚB &Ë ¢>
'� O»f �'
þj Û~� ¦�³ê¢ G;~�¾, ¦�
bï 6º ¦�� �j ªC~º O»�îb�, çï; ê�¢
�Ï� ���'� 7"ê �ê>î
. 6� n¦��¾ îî¦
� �~ �¦¦� ;�¢ ÎÒ~�¾ �¦*æ²�¢ º'~º
��ê �ê>î
. �"öº *&' Ëj¢ �Ï� *Vz�'
O»" ªC O»j �Ï~º �� O»� "«j ��� ®
.
� ��öBº Ï[êÖ" �ò*æ~ ªÒ6 Òò� &Ë 6
Ò ÒÏ>� ®º AISI-type 316 L stainless steelj &çb�
anode &Ê ª*V~ 62Li/38Kê Ï[êÖ" ÚöB~ ¦�*
çj �«~�¶ ~&
.

2. 
þO»

¦� �þj *� Òò�º Ï[êÖ" �ò*æ~ ªÒ6 Ò

ò� &Ë 6Ò ÒÏ>� ®º AISI-type 316 L stainless
steelj F;~&
. � Òò~ �W Wªf � 1" ?
.
�Þ~ &j¢ *� £ 0.1 cm vþ~ AISI-type 316 L

stainless steelj 2 cmÜ2 cm~ �V� .�~&
. �þÞj ¶
� ê ��ö af Vª" r¢ B�~V *~� zêR� a
f ê, .r2 ^¿V¢ ÒÏ~� 30ª �ç j^Êb� ^¿
~&�, 
� zêR� îæï ¾Ò¢ ~&
. �þÞf 240
grit paper� �·~� 600 grit paperræ �î~&
. �þÞ~
��j �Þçb� ò
V *~� diamond paste polishingj
~&� îæï �êöBº 0.05µm alumina powder� ��j
�î~&
. ��� ";j �� �þÞ
f Vê' &��¾
Væ ~ãöB Af .³~ Ú¦ Ö�j B�~� �¢� �þ
Þj &j~V *� �îz �¾Ò ";(solution treatment)j
�

. 
¢>'b� pot-cell system�¢� ®Òº â*� �Ê� 

þË~¢ �â 1ö ç^~² ¾æÚî
. 3B~ *�" *�î
f �Bê~ 
Öz; alumina crucible bath ³ö 
Ú ®�
6� � bathº stainless steel� ò
Úê ÏV� &/>Ú ®

. Stainless steel ÏV~ jÑ¦ª" alumina crucible Ò�ö
º alumina bead& jò^ ®º� �º 
þ 7 *�î~ Ã
B" ÃOb� �� ï~ �Wj ÛB~V *� ©�
. ÏV
~ = ¦ªf ï'Ï b jacket� ®Ú = ¦ªö �Ò~º �
ö �£� ¦®
j �^~� ®
. � �~ �W®b�º N
ê¢ �.~V *� �*&f &Ê purge¢ *� bubbler& ®

.
·ë*�b� ÒÏ>º AISI-type 316 L stainless steelj ª

Table 1.  Composition of AISI-type 316 L stainless steel.

Element
C Si Mn P S Ni Cr Mo Cu N Other

Material
AISI-type 316L 0.08 1.00 2.00 0.045 0.030 10.00-14.00 16.00-18.00 2.00-3.00 - - -

Fig. 1. Schematic diagram of pot-cell system.
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� �ÊV *�Bº �ÖF� jº~æ� �¢ *~� £ 1 mm
çã~ .F" �þÞ *ö spot-weldingj ~&
. Ï7ê �
Â>º .F~ �� ¦ªf alumina paste¢ ê� ~� 
þ
JN¢ �²z~&
. V&*�f .Fj ÒÏ~&º� �ã�
&öB �Bê alumina &j �Ï~&b� �N~ �ÿö ~�
*V' 7/� &Ë~ê� &öB alumina &~ � ¦ªö £
0.2 mm ;ê~ �sj laser Ï7V¢ �Ï~� Ñî
. ç&*
�b�º .6j .F" Ï7~� ÒÏ~&
.
â*� �Ê�j �Ï~� ÿ**», B~ *{-*~»j �
Ï� AISI-type 316 L stainless steel~ ¦� 
þj Ï[êÖ
" ÚöB 
¯~&
. � r V&*�öº Ö²f �Özê²
¢ 33 :67~ jN� C Fï� 20 cc/min& >ê� ~J"Ú V
& **� â~
. 650oCræ~ ßN �*f 4�*b� ~&
�, ßN V*7 B�� > ®º �þÞ~ ¦�j Oæ~V *
~� Nê& 650oCöB n;B êö ·ë*�j Ï[êÖ"ö
��� 
þj �·~&
.
ÿ**»öB~ **~ "Ò '�f ¢>'� stainless steel
~ ª� �ÿj �J~� -1.4 VöB 0.4 Vræ� ~&b� "
Ò ³êº 0.1 mV/sec� ~�, �þÞ~ ¦� �ÿö �~º '
Ëj ÚÚ�V *~� &Ê~ �Wj æz�B ª� �Fj �
~&
. &Ê~ �Wf 64%H2/16%CO2/20%H2Of 33%O2/
67%CO2~ v &æ �Wb� ~&
.
Ï[êÖ" ÚöB AISI-type 316 L stainless steel~ ¦�
>wV�ö &� �Vj *~� B~ *{-*~» 
þj ~&

. .V **º -1,700 mV, �* **(switching potential)º
100 mV� J;~&� "Ò³êº 50 mV/sec� ~&
.

þ Ö" ¾æ¾º ­ B~ >w peak
~ >wV�¢ ��
�' data�¦V º'~&�, peak
� �Ò~º ** '�öB
;** ç�� 20�* ÿn Fæ� 
r X-ray(CuKα) ªCj
Û~� ¦� �Wbj {�� *b�� >wV�f~ �"&ê
¢ �«~&
.
*Vz�' **~ "Ò 5 *~, **~ �ÿf personal

computer� BÚ>º PARC model 273 potentiostat/
galvanostatj �Ï~� >¯ 5 G;>î
.

3. Ö" 5 �V

650oC~ Ï[êÖ" ÚöB, AISI-type 316 L stainless steel
�Þ
~ ÿ**»ö ~� ª��Fj �â 2ö ¾æÚî
. &
Ê ª*Vº MCFC~ cathode &Êf anode &Ê~ 2&æ �
Wb� ~� jv~&
. �â 2öB r > ®�� cathode &
Ê ª*VöB~ ª��Ff *;'� active, passive,
transpassive '�j ��� ¦�**º £ -1020 mV�
. �
¦�**öB anodic 6º cathodic OËb� *ê 150 mV �
Úö �Ò~º Tafel region� ®�, -700 mV ¦"ö anodic
peak *~& �Ò~� ®
. � �êö passivation� >V �·
~� passive region� ¾æ¾² >�, 0 mV ¦"öB
transpassive region� �·>�B ¦�*~& /Ï® Ã&~º
*çj ��&
. Anode &Ê ª*VöBê �öBf ?f 3B
~ '�j &æº ª��Fj �&
. Cathode &Ê ª*Vf
jv~� ¦�**f anodic peak *~& £ 100 mV ;ê
cathodic OËb� �ÿ~&
. &Ê ª*V~ æzö &Ë �
N�¢ ��º �*f passive regionb� Ö²& �Ò~º
cathode &Ê ª*V ¢ r � �*öB~ ¦�*~& �R ·
rj r > ®
. �º ¦� �Wb� Ú�W Özbï� Ö²

~ ³êö 'Ëj AV r^�
.
.³Òò~ ¦�*çf 
B~ *�**& ¦�**�


positive� ãÖö B�~²>�, ��'b�º ¦�**f~ *
*N& �>� B�~º *~ê Ã&~²B
. ��¾ &¦ª
~ *�.³
f ¦�� ê¯F r Ú�W Özïj ;W~�
¦ÿ�z ~º ßWj &æ� ®b�, ¦ÿ�z& �·>� *
*Nf *~*~ jf&ê¢ ½Ú¾ 
Ö ·f ¦ÿ�*~ò
� B�~² B
. Stainless steelj �W~º Fe, Cr, Ni�~
.³ö²
ê �f ?f ßWj &ææ� �â 2f ?f
active, passive, transpassive '�j &æº ª��Fj ¾æÚ
º ©�
.
�f ?f ¦�>w~ Ö" �W>º .³ Özbï� ß;
** '�öB stainless steelj ¦ÿ�z �Ê² >º�, Fe¾
Ni �~ ö²
ê ¦ÿ� Özïj ;W~Vº ~æò .³ö
²
 7öB Cr� &Ë n;� ¦ÿ� Özïj ;W~º ©b
� rJ^ ®
. V¢B stainless steel~ Cr �ïf Ú�Wj
Ö;~º &Ë 7º� º²�
. 
�Þ, �â 2~ Ö"¢ Æ&� MCFC Ú*7~ ¦� *çj
&Û'b� .G� " > ®
. MCFC~ anodef cathodeº
B� 
� &Ê �Wj &ææ� �öB Þ/� :f ?� Ö
F ª��F ¶ÚöB £* 
� ßWj <² B
. � ö j
î¢ &Ê �W~ N�öB j�>º ** ~ã� 
�V r^
ö cell~ *~ - wet-seal(anode, cathode), gas channel,
current collector � - î
 B� 
� ¦� ßWj &î ©b
� �'� > ®
. 
B� V&*�(O2/CO2= 33/67, .*�)j
Ë~� 3*� �**æ~ Ú* Ö" G;B **º B²� ç
�¢ r anode ã� -1,107 mV, cathodeã� -41 mV�î�
150 mA/cm2~ ¦~ Ú* �öº '' -1,016 mV, -178 mV �
î
20). *æ Ú~ *~, Ú*��ö V� &Ê ²Îï~ N�
¾ *æ ª�~ N� �ö 
² 'Ëj AÆæò, &Ú'b�
MCFC~ Ú*7~ cathodeã~ &Ê ª*Vº ¦ÿ� '�~
**¢ Fæ~²>æ� cathodeã ªÒ6 Òò~ ¦�*çf �
'~æ pj ©b� .ç� > ®
21). ��¾ anodeã~ &Ê
ª*Vº �Wz '�ö �Ò~² >æ� anode ª*VöB ª
Ò6 Òò~ ¦�� z× � ^B6ªj r > ®
.
�â 3f anode &Ê ª*VöB~ cyclic voltammogram�

. "Ò **& .V **öB �* **ãb� �ÿ~º ;O

Fig. 2. Polarization curve of AISI-type 316 L stainless steel in Li/K
carbonate eutectic melt at 650oC. (Scan rate = 0.1 mV/sec)
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Ë "Ò �ö ¾æ¾º �Ff ¾rö .³ ç�� �Ò~~
�þÞ� Öz>Ú &�B B�~º *~��, �OË "Ò �
öº >&� Öz>î~ Özb
� ~ö>�B B�~º *~
�
. �âöB ��æº ­ B~ *~ peak
f ÚÆ� Öz
6º ~ö >w� ¢ÚÆ > ®º ß;� **ö ��� ÷7
'b� >w� ¢Ú¾� ®rj rJ&
.
��¾ Ï[êÖ" ÚöB AISI-type 316 L stainless steel~
¦� *çf ß;� � &æ~ ¦� >wò� ¢Ú¾º ©�
jî¢ 
Ö 
·� ;�~ ¦� >w
� �ê'b� ¢Ú¾
² >�, >w~ Ö" �W>º Özb~ ;�ê 
Ö �Ç~�

·~æ� �¢ ;{® ªC� ÚVº 
Ö ¾

. � 2ö
AISI-type 316 L stainless steel~ "Wª� Fe, Cr, Ni& Li/
Kê Ï[êÖ" ÚöB ¦� >wö ~� �W� > ®º ��
&æ Özbj ;Ò~&
. ��� 
·� ;�~ Özb
f
�W ö²& 
�� ?f ö²*~ z�b�¢ê Öz>& 

�V r^ö 'V 
� *Vz�' >wV�¢ Û~� �WB

º ©j r > ®
.
V¢B peak
� B�~º ** '�öB~ ¦� >wj �
��'� data�¦V º'~� �� *Vz�' ~ãö V¢ 


B� ÚÆ� Öz-~ö >w� ¢Ú¾� ®ºæ¢ r > ®
.
6� peak
� �Ò~º ** '�öB ;** ç�� 20�*
ÿn Fæ� 
r X-ray ªCj Û~� ¦� �Wbj {��
*b�� >wV�f~ �"&ê¢ �«~&
. �â 4¦V 7r
æ >w peak
� �Ò~º ** '�öB~ ¦� �Wbj X-
ray� ªC� Ö"¢ ¾æÚî
.

Peak Aº .³~ ��ö �'B ê²& Öz~º ";öB
B�~º *~¢ ¾æÚº ©b� �.~ ¦� �þöB -1,700
öB -1,500 mV Ò�öB z® ¾æ¾º ©b� rJ^ ®
.
� r ¢ÚÆ > ®º Öz >wf 
r" ?
.

C + CO3
-2 � CO2+ CO + 2e-

E = -1,500 mV (1)

-800 mVf -400 mV ¦"öB '' B�~º peak Bf
peak Dº Fe~ Öz >wö ~~� ¾æ¾º ©b� 
r" ?
f Fe~ Öz >w� ê¯B
. 

Fe + 1/2O2 � FeO E = -1,121 mV (2)

Fe � Fe+2+ 2e- E = -1,072 mV (3)

Fe+2 � Fe+3 + e- E = -783 mV (4)

�f ?f >w~ Ö" �â 4ö ¾æ¾º ©" ?� -
800 mV ¦"öBº FeO 6º LiFeO2�� �WB
. 

Fig. 3. Cyclic voltammogram of AISI-type 316 L stainless steel.
(potential range = -1,700 mV, 100 mV) (Scan rate = 50 mV/sec)

Table. 2. Corrosion products of stainless steel in Li/K molten
carbonate.

Elememts Corrosion Products

Fe

FeO  Fe2O3  Fe3O4

LiFeO2  LiFe5O8  Li2FeO2  Li2Fe2.4O4.6  Li2Fe3O5

Li5Fe5O8  Li5FeO4

K2FeO2  K2FeO4  K2Fe4O7 

Ni

NiO  Ni2O3

LiNiO 2  LiNi2O4  Li2NiO2  Li2NiO2.91  Li2Ni2O4

Li2Ni8O10

Cr

CrO  CrO2  CrO3  Cr2O3  Cr2O5  Cr3O4  Cr3O8 

Cr5O12  Cr8O21

LiCrO2  LiCr3O8  Li2CrO4  Li3CrO4  LiCrO2    

Fe, Ni, Cr

Li2NiFe2O4 

NiCrO3  NiCrO4  NiCr2O4 

FeCr2O4  

Fig. 4. XRD pattern of AISI-type 316 L stainless steel after
potentiostatic test for 20hrs. (applied potential = -0.8 V)

Fig. 5. XRD pattern of AISI-type 316 L stainless steel after
potentiostatic test for 20 hrs. (applied potential = -0.6 V)
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-600 mV ¦"öB B�~º peak Cº 
r" ?� Ni& Ö
z~� NiO¢ �W� r ¾æ¾º peak��, �©f �â 5~
XRD Ö"öB {�� > ®
. 6� � '�öBº α-LiFeO2

ê ¦Â>î
.

Ni + 1/2O2 � NiO E = -862 mV (5)

�Þ peak D& �Ò~º -400 mV ¦"öBº �â 6öB
��æº :f ?�  α-LiFeO2, α-LiFe5O8 �" �þ NiO&
¦Â>î
. ��� Özb
� �(3)" (4)öB .ÒB ** '
�� B peak ¦"öBº ¦Â>æ p� �
 anodic� **
'�öB ¦Â>� ®º ©f Yokogawa �~ ���' êÖ
Ö"öB "�¢ dj > ®b� � �Fº αç~ Ï¶ ��¢
;W~V r^�¢� ~&
22).

Peak Eº 
r" ?f carbonate~ ª� >wö ~� ©b�
rJ^ ®º�, �â 7~ XRD ªC Ö"öBº Fe2O3, Cr2O3

& ¦Â>î
. 

CO3
-2 � CO2 + 1/2O2 + 2e- E = 51 mV (6)

�<ö Ï[êÖ" ÚöB AISI-type 316 L stainless steel�
¦�F röº -100 mV ¦"öB Cr� Öz~� Li2CrO4¢º

Özbj �W~æò � bî~ �º6� £ 500oC�ÚB 
þ
ê~ �þÞöBº ¦Â>æ p~
.
�Þ **~ �OË "Ò �ö B�~² >º Ff Gº ''

B, D~ �>w �ö B�~º peak�
. � 3ö ''~ **
~öB ¢ÚÆ > ®º ¦� >w
j ;Ò~&
.

4. Ö  �

650oC~ Ï[êÖ" ÚöB Ï[êÖ" �ò*æ~ ªÒ6
Òò� AISI-type 316 L stainless steel~ ¦� 
þj Û~�

r" ?f Ö�j áî
.

1. Ï[êÖ" ÚöB AISI-type 316 L stainless steel~ ¦
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