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Corrosion characteristics of separator for MCFC

HE
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Abstract

The molten carbonate fuel cell has conspicuous features and high potential in being used as an

energy converter of various fuels to electricity and heat.

Howeverthe MCFC which use strongly corrosive molten carbonate at 650 C] have many problem.

Systematic investigation on corrosion behavior of Fe-based Cr has been done in (62-38)mol %

(Li+K)CO; melt at 923K by using
spectroscopy method.

steadv

state

polarization and electrochemical impedance

It was found that the corrosion current of these Fe-based alloys decreased with increasing Cr

content, and this was attributed to the formation of LiCrO: layer at the surface .
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Fig. 1. Schematics of MCFC unit cell.
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Fig. 2. Schematics of the principle for MCFC.
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Fig. 3. Experimental device.
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(a) AC impedance measurements.
(b) steady-stale polarization measurements.

C : counter, W : working, R : reference
POT : Potentiostat, AEC : X-Y recorder,
FRA : frequency response analyzer,

COM : computer, QSC : degitai oscillascope.
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Fig. 4. Configuration of EIS and SSP measuring
apparatus.

4 fgdn o

28 5& e©gEAAA AFY CO2 £47]
glolAl Au HFol 93 background 9 vol-

tammograms®| T}, 5% 9 anode A %S HEIV]
el dE -08V ol4del A anode® background?}
EAZ ol o] adaM ¢l 93

E nolx Rowz, oA MLAAT FEI @
48 AL mASL Atk £ 10VEEH #9uF

COs + 2 —CO + O°

o] wrgo & CO 7p2 Holetir AHzhEa,
~12Vel 4 cathode ol A £0}1288 CO 9o 23
(COs™ + 2 — CO + 207 )oll % zZolgtmn A
Z g ok

o3t zte] FAHFoAM H59 anode AFE
HETH t]Eo,CO: 9 background £4& &3
T dre Gy, £ A7 FHA- el gl

rr

el &AHA
MCFCE (62 + 38)mol% (Li + K)COz9] &84
& ZLoAA AgstEz dA 74 Az §AH

=] o]
Té}'i

WAE WA Az
Aol dFHolt} of mfd FAFANX F& B

2ol Arjgsty AEL HESE A MCFC F
A AHael A4 Fosdg. P

logli / Acm™)

A7) AR 883 A Vol. 9, No. 8, September 1996.

i/ mAcm™
o
T T

| IR S OSSN SR U SN NN SN U N S S |
\] 02 04 06 D8 -1 -2 -1

E/Vwn(1:20,/C0)/ A
18 5 aldd A #2339 Background 4
Fig. 5. Background trace of Au electrode in
(62+38)mol%(Li+K)CO;3 .

k= Ny X
T

I 88 (62 ¢ 38mol% (Li + K)ICO; &g ekt
gl 4] Fe-CrAl 852 A4 & vhebd
o dubrHEo® Cre uE AR udteg 1 2

Z\i‘?’]( Ecormat anodeoﬂ 9}3111‘ =2 _‘?_}4 H'IE',T( Teor) '

E X
54

Cﬂ‘%}a A}'E} Fe-Cr i}"a‘gl Etnrr %%‘% Cr 8:]—%
ack-o’] 9}{§A6‘-9~;‘_’=— _\3}_0:1}]13:]‘ EE&J’ icurr'\?_' Cr9] %‘7}’

& o gastd vk 4ol 1, Cr F7hd
FHbslm WA A Fadel vl ol Cr¥bel ¥
Zhell wheb A)H FE-& A Absk w e (LiCrOw)
ol j¥zcka gzt

-2

-3 -

4L

.5 -

5 1 1 1 ! I i 1
-1.2 -1t -1 -39

£/ V vs. (112 0y/CCa)/Au
A" 6. Fe/Cr ¥59 AFES 54

Fig. 6. Steady_State polarization characteristics.

283 3y 7 i Cre) FHFH HAE
etz ded, Cr @539 F7hdd furstd
o7t HE3) Z2TE & 5 ATH

S B 2HAE 200mVe anode #5& ¢

7hst7] WEo] EWAs suto] Ayehy 1 4

2 A wEg,. 23y 2F Impedance™ S
Eeor AfelAd #l4& RFE  A7tsty AW



Impedance?] ZA& JFDE EIFo02 AF AlH
Ewo wuagAde] ggs won =z e
Adg 43k Fot @ Ko AFE FEFOEA
FEF ARE AL F Ut 7

250
200
150 -

100 -

Corrosion current{uA/Cm2)

50

13 15 18 21 25 30
Cr content(wt %)

ad 7. Cr &%l 08 FAdFe W
Fig. 7. Correlation between icorr with Cr

content in Fe/Cr alloy.

Imi{Z) / Qem'®

-30
23 =
&
-20 Ky
a
-~
-15 |~ ¢
3
&
:.‘ ° 13Cr
210 A‘ . 15Cr
S . 18Cr
L ‘0
£% e + 21Cr
v »
-5 b &S, . 25Cr
f a 30Cr
0 1 1 1 ] 1
0 5 1¢ 135 20 25 30
RelZ)/cm™

% 8. Fe/Cr 39 ZH d¥dx A
Fig. 8. EIS characteristics of corrosion impe-
dance of Fe/Cr alloys.

Tafel ¥& £ A& 431 Tafel AR
2 3 A7tx dFFoRA BA HF EEF
2 FE & QAT FA #AE 47 s &
ABE 2ong A2 gl &9 540 W
a7z stx, 2" B3 FHe A 490

T EEENYE 95

2

SEEEEER

dm

4--AAg

WEA] WEgsA] e 4% FAdo] 4.
2% 82 CO» gas ¥9710A Fe/Cr T2
¥ Impedance® ol 93t Aol2 cole-cole plot
vhER T
A F35 H9E 1Hz F¥ 60kHz 712 Al
21, cole-cole plot’dell A Impedance # % o)
AE 2 9g Aol At AL AAEa ¢
vhg AL §4 Ao} 433 Cr
THFol Frlsle wEd B4 XL AM Y
SFEtE RE AAMET £ o] Impe-
dance®] F7be £% ¥ SUhEAM dehdoh
2 AlE A v AF A

Mkl

JLETD. riy ok
o
o
-

#H W% Impedanced
A= Wi dLdE st @Ades Fapg W
A7l A Hst ol E A, 2 i, 2%
&% T A4 A 54 AHFE =AY
r’}’. 3h12)

28 9& Fe-Cr Al &9 XRD A#4E vehy
o, 20=18deg oA HIAZZH7t AR FF F
Zhel w2k aA H3m gl o HAE LiCro:
(003 AF3te gz, 28 &FFe F7hl
ogt AFFH AT ®HaHut (LiCrOy o A
= g BAE R Ao
oA ZEF F 9 A FNES ek
¥ Adeln. olE Fuo Huar R HAE
Fa(13-18wt%)¢ 1AEFE FF(21-30wt%)Z T

LI,
Lco,

Fe-30Cr

w‘ Fe-21C
Mo 9

Fe-18Cr

Fe~15Cr

20 * 40 60 B0
angle/ 26
a2 9. Fe-Cr ¥89 X-ray 33
Fig. 9. XRD patterns of the oxide scale on
Fe-Cr alloy.



ras Aok
42g FEAAE A9 WEHBLFeO0] o

ARoZ FE55a g Hel s,
& AE9 2B (LICrOw) el
lew HMEFwe zbzl olgeo AlgEo By

R

sMHRog PFEY

= Aoz #As 5 9ok

mEkd, HEAksEe] WY WM& Cr
2lwt% ol H7h7h dastvha Azsm, o e
AR SHo2 RE dojzl §AHFe A
L= B nEy Anker I g

58 £

SgaEd A dA HH AagEs NEs

& A gatel] 71 x7F Hi= w4
B .

Feol 4o n]x]i= (: Wb A w734

o) whgo FHEFe=w, Cre]  F7hdd wit Fedl

A Fkado) gttt o] WA FAL (r
21wt% ©ol’F9 #Hrlel A FEls sl

R MAAE S LiFeOr 2ol LiCrO.ol A sho,
£3 AFL ol [T 21-30 wt¥e ol A
LiCrQ; =

o] MIER Fa glo i o] LiCrO., 7t
g Eavetel s sa 9

¢ F dF HHEH FN JdBE FEJQIF
LUchida o<l 4ol ZAL= gy

“SEENEY omdel uE
P R P
)

pp.251-254(1991

20 4AY o, n&H AnAe QrIE Ty
A7l A A A 53] 4, 15, 3, pp.265-270(1992)
3 od =4 11 7] HL z] }\] e ul _ﬂ @ 1 9] 0135 "{(] 7,} 1‘1}

A gystem”, OHAM, '91711, pp.106-11001991
4, ERS kbl dg”, Corona, ppblo 7l
(1994)
H.Urushibata, K. Sato, T. Murahashi and E.

Nishiyama, “Molten Carbonate Fuel Cell

o

Technolegy Development”, Abstract of Fuel
Cell Seminar, pp. 399-402(1938)

6. T.Murahashi, T. Tanaka and E. Nishivama,
"Molten Carbonate Fuel Cell Technology
Improvement”,

Extended Abstract of

A71A4 85887 Vol 9, No. 8 September 199,

International Society of Electrochemistry, pp
. 326 -327(1989%)

7. AFEYMCFC #813 Y5492 9= A
faR A mets] s3] v F 4, 11, pp.190-193
(1995)

8. J. L. Smith, G. H. Kucera and A. P. Brown,
"Argonne MCFC Cathode Development”,
Proc of 2ist IECEC, pp. 183-187(1986)

9. A. TIigeaud, C-Y. Yuh and H. Maru,
"Optimization of Molten Carbonate Fuel
Cell Electrolyte”, ibid, pp.193-197(1986)

10 J B. Selman and T. D). Claar, "Molien
Carbonate Fuel Cell Technology”, Proceed-
ings of Sympostum, vol. 84-13(1984)

11. T. Tanaka et al "Molten Carbonate Fuel Cell
Development and Svstem Analvses”, Proc
of Z2Ist  Intersociety Energy Conversion
Fngineering Conference, pp.1100- 1105(1986)

12, Absano, "Recent  MCFC  Development  at
Ishikawajima-Harima  Heavy Industries”.
JAPAN 21st, "92/11, pp.103-109(1992)

13. KSato et al, "Comparision of Direct and
Indirect  Internal Reforming MCFC Stacks”,
Abstract of Fuel Cell Seminar. pp.0 43
(1990)

14. ). Ohtsuki et al
[nternal Reforming Molten Carbonate  Fuel

. "Development of Indirect

Cell”, Abstract of Fuel Cell Seminar, pp.
172060 1992;

HA2A

A4

150 A 20w

EE

o dherel Ady 44) £l A "l'). :

G028 v e A RETH AL

](LlLi 1% <) 128 < v p,d ;'L- 1 7:1"1)«[31;

& Post Doc. 15%\’9&; I
Pl AP e el



