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Abstract

Molten Carbonate Fuel Cell is a promising new type electric power generation system
which can achieve high efficiency, lower material cost and high operating temperature mak-
ing internal réforming possible. Although the development of the MCFC is progressing rapidly

toward commercialization,

two Important technological problems such as dissclution of NiO

cathode and hot corrosion of metallic separator plate must be resolved. Because MCFC is
operated at 650°C and the electrolyte is very corrosive, corrosion-resistance of separator
plate against oxidation and molten carbonate is required. Al-coating on separator material
for corrosion-resistance was carried out by painting, thermal spraying', hot dipping and vacu-

um vapour deposition.

The corrosion of Al-coated STS 3165 and 318L in melten carbonate

at 700°C was studied. Vacuum vapour deposition and thermal spraying for Al-coating on STS
3108 and 316L were the most effective methods for protecting the stainless steel corrosien in

molten carbonate..
.M B

F5EHE dBEA MCFO &

&=F/Separatore] ¥HE HEHo2 P4
He, AR} ze A E Ay 7
2ES, AR

4 FY B ol E 4a ,JJ:} ». MCFCe] 27

Separater/ %

ey
Z

+ ancde (N17«ﬂ L}
%‘t)‘o}. d. H;é! (leCOs""KaCO



4 o] #‘\ilﬂ

2] g {separator) -2 MCFC stack
celle] cathode F-%3 A celle] anode
A A7) FA 7 cellS S FF Rl Hr)H
Lz ddss e}, MCFC

S e dEl AT 2R As "ol thgA

S I =

o g separator?]

seal L2 i 227} 91tk Anoded] glelM = H,
CO?,. CcO ‘i‘é HO %‘9" }é“‘fj"g sl ?9}" ? 57] }"j?“

bA cathodes 0, N, W
CO: 5% AF0R &5 Wrtafos Aoy

fistelrh MCFC:=

9.01“—] HA?/H o} 71—-51 %3‘
el g A AR AR widl AR S
7 o]

_;,v
o

Lato] & EA7E el Separator®] HAEL-Z

Boale Rl Age 93 drlARe Ase) &
el 7w HAS dErEel dxle Aeg Asal
¥ FAT adled w3 v o[ ey
N3 separator®) Bl /2 AE W wet-seal -
ol aFHE 2718 AFEE 50T oA A8

Fha AETIA " ARl e Walge] S
ol sly, R
DEZAET wE A SOl

b B s M s i O sd
I.E L}‘

1:-.\

MCFC stackell A Zal#o g AM4%E stainless

steeld §HEAden <Ft B wimy Zat
Tha Olﬁﬂz% ot 3 ol deffEe! v &
1714 cathode F-ofiz Ade AziEe B
ko] A E 7 uﬁ‘% 1T} Stainless steel2] 74
AL BGE AH pA AR ol MCFCS A

BE AsME E}F—f- & el g AMESte ol
o g A AR grl Relake A
= AL A E Htel 4
E3&le] cathode 2805 BubE 7] 4
Am g, cathode 549 F3HE Mo o9 FAo]
o} @n =) Stainless stee] H-2]¥he] FA 2
= anode -l A ZHeLA doivlth Anode #
Follds pHrle] e

elFE B-Qh Sle nickelolb} copper&

Z anode 47} stainiess

steelg

ol stainless steels

coaling o}

A uhe] ATy

oA 1E 1998

of Apg-ghe},
Separatore} A matrix?F wet seald @A
SH= separator?] I 5#| HEREw

T
A5 WRRTh Sgagel o P Ao

MNe BEHoz "AAvS geparator 93 daa
Apelell BWAAZ]E Aol B G Ew, aluminizing
diffusion coating 52 2 wel seal F-E2 X335

ToRes g vk d¥A Al-coating L. i
flarne "5 plasma spraying g gleied =2
% annealingdred mUle @A ¥l MOFCHE
separator AEAEE FA ﬁ’} p e

Jle AgE FEE g o @ Add g

w oL ik

Hod ol Ayt separator wet seal¥-2] HRA
o g %1%%-21*@\/'1)) B§E%, thermal
spray, slurry painting %9

AR, HAlRA, ::'EW Aol sl SHe

A zael At i, dmsted HEe TEA

2 Agoa AT AFEHEE separator ABE
71 gy AFRE T gl stainless steel 316L3)
31058] % 71AE AM-EkdY Stainless steel
316L+z POSCO A &8 Al&siein, 3108= 4l
B E (NSC) AEE AHg-slsih MZH Al B o
T AlS-ELTL $le= stainless steel 31618 Fai
Tal Akl 2Ale 180r-12NI-2.56Mo—%C o)
a1, 31089 sjgkAde 25Cr-20Ni elt}. MCFC
g gRiAleelel al
oA stainless steel® 242 Floy @z

O Ty
ST

\*1

Lt

,.r

separators WEAA S

, thermal spray, slurry painting®] %



vy w0 2l

ol

78] Hdel Al

o

o2 Al-coating A 213t3, SEMl 2]
EPMAS} XRDol 2|8 gA4=24g
HazAd gloiME FFEAde 1:1
HAHE A7 FAEE A RS v
7t B Th

2.1 AEHE

2. 1.1 ¢5ug AFE%E
AEFEF wEL AREEe] 71#2] stainless
steel ZFoHel 316L% 3108 FHHe| LvEFe =

719e] 2= 300 = &

93, A AFEE EX107° torr ©]3E §4

g vl Alel IEFEALE 20 mE 35, e

AgRe gud 0§ asee FHA 9
]

dted 650°Cafl A} 241 THERE EAENE HASH

[\
—

2 ¥Ry BT

FLEHe eiMe

&}7) Aol stainless steel 729 B B4R
#25 AAG] dste] 2EFA
. 2EEAL 800°CR5uel A 90/H:+10°/Nz
247t A o 3 27 HAlsvh 282 30%H.
+70%N, B 860C 73 JaEEe A
¥, 660°Ce ZEE&oA AlE 20m AR =
e e R g P = S 90wt % Al +
10wt % Si o)gdch,

i

i
o o)y oo
i

BN

A RS

=g Uy iy

2. 1. 3 Thermal spray

Al sprayel] ARS8 thermal spray gund flame
type LE METCOA‘rOi 5P-TT types AMglgioh
2183 =Fe BPTS-G type °lith Al BT
METCO 5-4NS§- AREEtE T ERgole gAY
e 8 B8l
aspirator chamberd] FF=4 chamber®4-t
Bite] gy ed 7i&Eot Solriaal 4§, 78
17T A A3 dB7taE opEdlo]
Argstsinh abashe 25psi, ofMlE
& 7txeke 15psiz ST Spray Aele 100mm

dl &siA metering valved

~

1 S =
= oaaE

Az g shgon, manipuators AMSERR @, A
Fe A FEoE spray guns F24HE
et Stainless steeld] AlS T®E F F,
= B fsied gXEE v g3zl
N:-50%H, #9171, 800, 3A7te s dgch

[+l
—

i
#
=

o, nL o,

o oﬁi

214 HE=g Ad"

Stainless steel Z% FWo| AT Al-slurryE
HHd YIEgE (Y, Gammail AF)E
spray WHoE EREAT =xFe AL 30
mn BEERT, 200Te EWHlA 247 HEAHA
APHE Az3ch HERge AR €50
# slurry/b ¢ 20%, del& 47 40%, 247}
3592t 2 9 HAA7E 5% el

e
4]

Al 2RE A¥¥e) 22 HalY Hrbe Fig ]
Y F 7hA b Ao S E wlgl A
ZE Ha g AgHd Faetd dHEse Wy
F, T HAE AEEE £5uadud 2y A
Hete Wgelvd. 1A Frpgdl qlolal HAea
£ dutg o2 AMREE 62mol% LixC0:-38mol%
KCOsaed o] habed & A8l ch,

2.2.1 Hej AT 224
I

Haid g A g A= 2HE Fig 1@

Ay Algd eRd 2 e AlsE Asde
AN F, 00 BA1EAH 100047 5%
Amdl A wrg-Al ek A AT (matrix) & €4S

72 23 (binder) # PVB (Polyvinyl butylal)
@t 7h4A (plasticizer) B8 &0k (slovent) o] &
$sled slyrrysbsl 3, Tape casting®el 95}
Az A& g



SAMPLE

MATRIX
(o)

P b Experimen:al Melnod 1o

(a) Stackng mel!

Gorrosion-Test mom

(15 1994

3. 2xn 3l Ag

4T

Fig.

©

~L e

stainless steel 31089 odej 71 e
HEAE T APHY mumy Aol A

S22 2L 2
FEEE e

vl SgEFHOR

MOLTEN CARBONATE
SAMPLE

ALUMINA CRUCIBLE

{b)

v CErnonate.

o woth matrx (0 Dioping meshod in molien carborate

()

Fig 2 Surface ~orpnoioges
(=) A (o st dp

ol

fw)

[
VGl

[ %ar's

3 51095 A-codsed (SEM, x1,0600
Caormal spray

oy

{od) Surry et



01- "L]]]

=1y

Cr“

i) A

Slel2gel Syae Uit 7

FHE Tl ekdsl offolAx] @e HEFol
#2E Tk Thermal spray® &2 F¥3ha 800
T, B0%H/N. B571dlA @A4eg A3 ()l
Gl BEdel vig ARAD Ty Zdnt
Yd=8E YT AT 583 d4& v
eRA A &k

Dzke] Ao Al 3EE g AAdgEe XRD
patterng Fig. 3o vepgisich JF5a Wel ¢
% (a)ell el Al peake] FEHA
2 7dal 218 Fe peak® A %3 2 =
ol 23 AR X-ray 344 back ground
7Y 74 dol Al o] 4E Aoz wdE
HE5=299 g b 4] @ds vEJE
Al peake] BEEw, I1 9] Fe peak T3 e
T}, Thermal sprayel 213} ()= T3 ZEW
g vl B X-ray 34 patterng vrehy
T, AlQs, Ni;AL Fe 59 peakel TR} oA
& Al #4449 Al powders} tEEe] AoEd

Al | Al Al (@

M N Ty
30, . - . . . a0, 100. 140
Fig. 3 XRD patterns of STS 3105 Al-coated by
{a) PYD (b) Haot dip
() Thermal spray  (d) Slurry panting.

of g#=gl7) wWE-elcl, Slarry paintingol &3
(el 9oldE F2 y-Fed| 93 patterng o
STh (¥ slurry painting &, 200C W&
HA N Alle] Fr AR 8i-F= 7} Hete) T}
Foz Ese YA Ens wddnh

3.1 TSz

tal

= 2atAlslof] 28 LlsAls T}

3. 1. 1 Stainless steel 316L& AM23 7%

Fig. 4& stainless steel 316L& AM&-&ho] ofz]
7EA gy widor Z:ES A¥EHES 1,000
AZHECE deldg REAEL
g} FAMEE BT gvh Z®o] Q¥ stain-
less steel 316L (a) & H-A7} 25mg/an®it2 815
th AlgHe B A
7] B HAH
o F.7h arelE &
Hol o)Al FHe
less steel 316L-&

o* oy
¢

o ﬂar; i, m—g
1,

&

oin

ofo

T

.

ol

P

nj.jgt

f

ot o
wy o
o
ots

o
A

b

_?L

|

i,

L}O

o oo =
o do

fo oR
o2

=

2,

i

5

4

T

o

all

g AgE (b= FA 142mg/m S e
ColAL B Fe Hiba} absinlgo g
Z AA e Fao] MHEHLowW FaFdE
A ] dA Mg BA F71E el
T AlgHEe] A B 2l

2 W
off, fL

Weight difference(mg/cn2)

~100 L : - -
(a} (b) {c) (d)
Fig. ¢ Weight difererce of (a4 875 31861 878
316L Al-cogied oy (o) VD (o) Hot dp
{ch Slurry painiing after heating at 700°C

for 1,000 hrs by stacking with matrx.



8 hER A s A3 A 1998

sledd], (e) AlFEL 90mg/em? o4, (d

50mg/em* o} o]t olg

3. 1. 2 Stainless steel 31085 A% A5
Fig. 5% £ 70 2 stainless steel 3108E
Ageaim o3 gwlHe] o s =
WG 1,000 Al gt A da BANEE A4
AP BAwEE nezn vk oA
I 7[94] stainless steel 31084 F-A-Z7}sko)
oF 45mg/em® 1 Aol BlaLsted LA F7lEe] 18
mg/cm2 AEQ gRuF %1%1%23‘H,§9.:?: Ay
AlHY WalAde] tha

o wRErlwe FYH

{J gh oA

b3
(]

Pl

O

T

2EE (@) AHE FAT g
gln, 794 (@) AR
e @A ERey, 244

80

Weight difference{ng/cm2)

_an L . L I

(a) (b} (c) (d)

Fig. 5 Weght dfference of (a) 3TS 3108, 373
3108 Al-coatea by () A0 {c) ot op
(o} Siurry pairting after hesting at 700°C
for 1,000 brs by stacking with matnix

stainless steel?} 316L¥} 3108 "! Cri"—‘r Ni»] shek

B3 W A FAAEE 2T A

3.2.1 548

o il aEAER
Qg <@ FANRE
% QRuE

b A8 FAELT

—

Aol A7 R F 53 4

ol #R(vh () b (o) AlEe] A 504470
At ¥, BASZE 1 mg/m® olehz W) A
S s Adrh B dE @) A4, F
stainless steel 3108z FA %717} 336 A% oF
3.8 mg/m*laL, 504 Ajgte]l xid Fels 25
FAFE R Fa 3l

O

ma/mie s FH

% 168 hr. W6 336 hr. WS04 hr. ;

[ —

Weight difference(mg/cm2)

{a) (b) (e) (d)

Fg 6 Weaight dfference of (a) STS 3708, STS
3105 A-ceated Dy (b)) VD {c) Fot gp
@) Slurry paimtng after heating & 700T
lor 2000 hrs Dy dippng In moten carbon-

@e,



Slurry paintingel <3} Al oM e F
ARaE depdied, o|7E 2] el o
3 Ao gy ‘3} Stainless steel 316L& ZA
2 E5EELEE e 336A TN A7
Z7Eot, 504"]7}"1]/\% FTHEe] Tha TAEE
A g FARSE Jedey, olde R
o FAF e e R <% Ao g Kol
3.2.2 39 =3AH

Sgehaty AHNE T Al mySe] guad
% Fig. 79

Fulgol g nw®E (b)) AHAz BAPELR
Mg (o) AT S2FEAIEe 2T §2e] &

2 (@AMe] gHe gw JRRNEY Fer) 4
HEo] YHE AL HAY + Ygos, 59

AR
stainiess steel 310S%F X ¥ FEHoe=
o] }EE 7% Fle

3.2.3 29 E3AR

Fig. 83} 0% stainless steel 31088 A=) A|H
I @RFEnos Al IusE Aws 504A 7 Fo)
AR ]

4249 % BPMAY 9% Rz
12 Jelfz ol Stainless

steel 3108+ Fe FaiEo] 50 m FA=Z E-d=lo]
Bajol Mg AHRGSE & F g4k A
& Ferl 2apEs wo CrAl #alkEz Hels
wohE Eol BEEGEE R Falle ¢ 25
um ©)$it). Fig. 9¢ Stainless steel 3108 <&
ulgo) oF 50 i ARE A3FA JHe =29
2 Aule) AEe] 124 Bx=e] 988 Al
mapping 27 & ¢ dth ®=E F 10 msi &

Fg. 7 Surface morphologies of (&l 373 3108, 8TS 3103 Al-coated by (b) PVED (o) Hot dip (d) Slurry

painting after neating at Y00°C tor 1,000 hrs

oy dipping in molter carbonate, (SEMX 10007,



10 SeAE-ERE] A3 AE 1998
SEM image R Femapping Cr manpping Omapping
Fig. & Cross section wmnage and EPMA mapong o 879 3108 after dipoing it moden carbonaie for 504
hrs,
SEM image Al mapping C mapping Fe mapping Cr mapping T
Fig. 9 Cross section image and EPMA mapping of STS 3103 Ai-coated by PVD af*er dipoing 1in moiten
carbanate far 204 brs.
Hegde] Ay 2ale Ade] Hg=lch of Ayt vl gke Aow Hep ol :ed o
= 700 s AL FAH oz B A g 2l FARYEe] S9E ¥ g4dd Aoz A
Fe, Cro] #atsle] Ydd F08 Fe-rich@ 4 ZHEI )
ofch T3 rlAw T Hald® Ale] AHAWH =
Cr-rich % < O—E‘,O] PAzo] gl8-8 & 5 ok 4, 4 2
Y T
MCFC #ai®t A=ms Agss gl 712
stairless steel (3108, 316L) 9l 47}# 9 (X722
A Al-slurry Tfﬂc’d%. S5, fAlEE) o=z




ERo)E sed e adduade] FEAd RNy 11

A

SEEEREE

=
3%

ofr
fie
i)

o oo
[a
1A

m
i
iz

oo

oft,

&

=
R

pd 4 ok

o, o
E9

Wy
o,
o
it

Ll

o ol B
io
a =
= g 4%
ol = oX.
S £

fo X

il

oo

‘gol dAef ohe W

@Eth Wezg o

AP HE S vl

=8, ol HF &%

A7l WEoz By o

A 4713, dHA Hel fold, LF
B

PR A

oo T
> ok 5
ox B4
kit
ot
=2,
Rl
ok

m
o W
i of
o Mo
il
e lﬂ'. 010
do &
. ¥
Y

=
&
o
b+
=g
o
¥
okt
3o oho Mg o

W Lo

%
Ll
Mo
rek

1. A J. Appleby, F. R. Foulkes ! Fuel Cell
Handbook, Van Nosrand Reinhold, New
York, (1989 570

2. General Electric Company, Development of
Molten Carbonate Fuel Cell Power Plant,
Final Report under Contracts DOE-ET-17~
019-20 and GE/FC-17019-85-1, Volume 1,
Section 4 (1985)

3. E. T. Ong : Copper-Based Anode, Fuel Cell

10

11

12.

. R, A Dorado, G. Mariarourisiki,

Seminar Abstracts, (19903314

. P. Singh and M. Benedict ! Nickel Anode

Electrode, U. 8. Patent. 4,659,372 (1987)

. C. L. Bushnell ; Electrolyte Matrix for Molt-

en Carbonate Fuel Cells, U. S. Patent 4,
322,382 (1982)

. H. Ozu, et al : Electrolyte Tile for MCFC,

Japanese Patent 60,241,656 (1985)

H C.
Maru, and J. R. Selman ! J. Electrochem.
Soc., 131 (1984) 2535

. L. G. Marianowski, R. A. Donado, and H.

C. Maru : U. 8, Patent 4,247,604 (1981

. J. Niikura, L. hatoh, N. Yaniguchi, T.

Gamo, and T. L wak, J. Appl. Electrochem.,
20 (1990 606

S. Takashima and S. Ohtsuka : Hitachi Re-
view, 37 (1988) 3

T. Kahara, K. Otsuka, M. Takeuchi, ¥. Fu-
kui, and N. Kobayashi : Hitachi Review, 72
(1990} &

M. Sato, A. Yamamoto, and 8. Okazaki : J.
Soc. Mat. Sci., Japan, 44 (1995) 1320



