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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 AlISI-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 AlSI-type 316 L stainless

steel in a carbonate melt.
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Table 1. Composition of AlSI-type 316 L stainless steel.
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Fig. 1. Schematic diagram of pot-cell system.
Ni Cr Mo Cu N Other

AlSI-type 316L 0.08 1.00 2.00 0.045
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Fig. 2. Polarization curve of AISI-type 316 L stainless steel in Li/K
carbonate eutectic melt at 65C. (Scan rate = 0.1 mV/sec)
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Fig. 3. Cyclic voltammogram of AlSI-type 316 L stainless steel.
(potential range = -1,700 mV, 100 mV) (Scan rate = 50 mV/sec)

g FAL Al Uehbs 38 A0 35 AElR EAlsE
AlgHo| 4kslElo] 7hEA WSk dRolar, AUEF FAF Al
o RHIZ A=l AslEEe] YA et R
olth. agoA RHARlE B 9] HAF peakeS g A3}
e e Hhgo] dolg = Q= A% Al ol2y T
ZoF whgo] dojuhal oS delErh

e 888 YollA AlSItype 316 L stainless stedl
A @ BT g 7ERe] HA wkgRke] dojuls Ao
ohe} wilg- Thdst Fejel F2] wkgEo| AxHoRE dofit
Al Haz, 9] Ax AT 4kslEe Fux vlg- 2338l
FBlER olF AHEs] A8 Wrle vie- JETh & 2
AlSI-type 316 L stainless stedl 542<1 Fe, Cr, Ni} Li/
KA 8- UlellA] 2] vhgo o8 AT 5= e oy
7HA] AbEHES AElekit. oldsk oiekst Felo] slEEe
TA a0 g2a 28 947k 3gtEelgle 23} o
27] uiite] 7] gE A71sle werTE Fskd AR
= 2S¢ 5 Uk

wihA] peakee] WASkE A9 GGl F2] RkE-S 4
AEAQ) datEHE FH35l] B F7)8leky g me)l A

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

Corrosion Products
FeO FgO; Fe0O,
LiFeO, LiFesOg LiFeOs LisFe 4046 LisFesOs
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KFeQ KFeQ, K FeO,
NiO NiyO3
Ni LiNiO, LiNi»O, LisNiO, LioNiOsg; LioNinOy4
LioNigOso
CrO CrQ Cr0O; Cr,0O3 CrOs CrO,; CrOg
Cr Crs012 Crg0y4
LiCrO, LiCr30g Li,CrO, LizCrO, LiCrO,
LioNiFe0,
NiCrO; NiCrO; NiCr,0O4
FeCrO,
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Fig. 4. XRD pattern of AlSI-type 316 L stainless steel after
potentiostatic test for 20hrs. (applied potential = -0.8 V)
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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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Fig. 7. XRD pattern of AlSI-type 316 L stainless steel after
potentiostatic test for 20 hrs. (@plied potential = -0 V)

Table 3. Matching reactions gpeared in g/clic voltammogram.

A:C+CQ?— CO,+CO+2e

C +2CQ?— 3CQ, + 46 E < -1,500 mV

B,C,D: Fe + 1/20— FeO E=-1.121 mV

Fe— Fe?+ 2¢ E=-1.072mV

Fe?— Fel+e E =-0.783 mV

Ni + 1/20, — NiO E =-0.862 mV

Ni — Ni*2 + 2¢ E =-0.813mV
E:CQO?2— CO,+ 120 + 26 E=51mV

F,G : reverse reaction of B,C,D
etc. : CQ2+H,— H,0 + CQ + 26
Cr®— Cr'%+ 3¢

4.8 £

650°C2] -&-8&H1I WollA 888l duxile] Eeldt
AEQl AlSI-type 316 L stainless stedl F-2 A3HS F3}o
the} 22 48S Ao

1. 288k WollA AlSI-type 316 L stainless stégl -
AEAL A WG] ot FAEE FsE 4] <P
goll ofatd AAENoH, FsH Alspate] ke HA) &
7AW vk 24 B A7IEEE A9 T ks it 5
S st AEHY 7k Frb 2 cathoder ks E917]
oA Bl P AdS Eﬁﬂr

2. 713181 5 Ass A% A B8 dsxA
9] anodeEZioﬂ/Ht l"%E,Lﬁ/HA st GG EAsAER
2 g H5 Adss 3T+ %’101 anode®-2] 7]l A
T Alge] FAo] ts & FARYS & & UdTh

3 "Fﬁ‘r X*%‘-X* Y BAYES o83k A AdES] X-
rayi-AS Balod 545 71818k A9 FYelA wkgTTet
9 ?_]J/]‘Jd'ﬁ"e TrEekal thegl FeElo B2 WSS FE3)
w3l

aAel =2

o] =Re 200BPA% ZZiEke] ATH] Ad) ojsld
TERNCH ofe] A =Y.

FHO=E

o

1. C. Berger, Mandbook of Fuel Cell TechnoldgyPrentice-Hall, NJ
(1968).

2. D. Linden, Handbook of Batteries and Fuel C&li#1cGraw-Hill,
NY (1984).

3. K. Kinoshita, F. R. McLarnon and E. J. CairnBuel Cells A
Handbook, Lawrence Berkeley Laboratory, CA (1988).

4. R. B. Swaroop, J. W. Sim and K. Kinoshiila,Electrochem. Sqc
125 1799 (1978).

5. R. A. Donado, L. G. Marianowski, H. C. Maru and J. R. Seldan,
Electrochem. Socl131, 2535 (1984).

6. H. S. Hsu and J. H. DeVah, Electrochem. Sqcl33 2077 (1986).

7. H. S. Hsu, J. H. DeVan and M. Howdl, Electrochem. Sacl34
2146 (1987).

8. H. S. Hsu and J. H. DeVah, Electrochem. Sqcl34 3038 (1987).

9. J. P. T. Mossen, L. Plomp and J. H. W. de WiElectrochem. Sqc



10.

11.

12.

13.

14.

15.

F=xd718keke)A], Al 5 4,

141, 3040 (1994).

J. P. T. Vossen, R. C. Makkus and J. H. W. de JMEJectrochem.
Soc, 143 66 (1996).

J. P. T. Mossen, L. Plomp, J. H. W. de Witpceedings of the
Symposium in Molten Carbonate Fuel Cell Technologie
Electrochemical Society, Pennington, NJ, 278 (1993).

D. A. Shores and P. Singhp&eedings of the Symposium in Molten
Carbonate Fuel Cell Technolagyrhe Electrochemical Society,
Pennington, NJ, 271 (1984).

J. P. T. Vossen, L. Plomp, J. H. W. de Wit and G. Rietkld,
Electrochem. Socl142 3327 (1995).

J. P. T. Vossen, A. H. H. Janssen and J. H. W. de JMit,
Electrochem. Socl143 58 (1996).

C. Yuh, R. Jonsen, M. Farooque and H. MBroceedings of the
Symposium in Molten Carbonate Fuel Cell Technologie
Electrochemical Society, Pennington, NJ (1993).

16.

17.

18.

19.

20.

21.

22.

A 23, 2002 67

A. J. Sedriks,Corrosion of Stainless Stegldohn Wiley & Sons,
NY (1979).

M. G. Fontana,Corrosion Engineering 3rd ed., McGraw-Hill, NY,
p. 78 (1986).

Yamamoto and S. TakahasRitoceedings of the Symposium in
Molten Carbonate Fuel Cell Technolpgfhe Electrochemical
Society, Pennington, NJ, 181 (1984).

K. S. Lee, K. Cho. T. H. Lim, S.-A. Hong and H. Kid,Power
Sources83, 32 (1999).

ORI, BT, B, RUSH, BARY, 3701 ofEH §, 4,
3577 (1998).

o, TRk, HERE, AR, HElE, FefeERe ofE T S 4
3573 (1998).

H. Yokokawa, N. Sakai, T. Kawada, M. Dokiya and K. Gta,
Electrochem. Socl140Q 3565 (1993).



