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Application of metallic interconnect for solid oxide fuel cells

J. H. Jun, S. G. Kim, N. W. Joo, D. H. Kim, J. H. Jun and G. C. Lee

ABSTRACT

The application technologies of metallic materials as solid oxide fuel cells (SOFC) interconnects were
reviewed. The selection and development of materials for SOFC is driven by the operation temperatures and
the cell designs. Especially, lower operating temperatures make possible the application of metallic
interconnects, having advantages of low coat and ease to fabrication. However, when metallic interconnects
are used for SOFC interconnects, the cell performance could be degraded due to oxidation and Cr-
evaporation. Therefore, in this article, the requirements for SOFC interconnects were described from the
point of the function of interconnects, and the properties of the current metallic interconnect materials were
discussed in order to obtain guidelines in designing proper metallic interconnects for SOFC.
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Fig. 2(b)
¥ Table 1 , SOFC
SOFC : - Mitsubishi
, , 22
72cm 414 10kW
. SOFC 5 8000 2
3.1.2 SOFC
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SOFC (Sealless tube design),
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SOFC Fig. 2(a)
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SOFC Mitsubishi 20x 20cm
(cross-flow design) 10
, SOFC 1kW  MOLB(Mono Block Layer Built)
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4kW 2000
) , S5kW 50kW
12)
Siemens-Westinghouse
313 SOFC
SOFC (side manifold
design) (center manifold design) SOFC
. SOFC
Fig. 3(a) ,
@ (b)
Fig. 2 (a) Sealless tubular design and (b) banded cell design of Siemens AG, Daimler-
SOFCs Benz: Domier, Murata, Sanyo, Tonen, Tokyo Gas,

Table 1 Various Designs of SOFC and Their Characteristics™®

Sealless-Tube
Banded Design
Bell-and-spigot

Co-flow Design
Cross-flow Design

Side Manifold Design
Center Manifold Design
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Fig. 3 Planar design SOFCs with (a) side manifold configuration 1000 4 LT i m i HT \§
and (b) center manifold configuration ] . « CHP
2 100 4 E
Osaka Gas ° ]
. Siemens AG 5% 5cm 1280 2
20kW , 1400 S 10
; 3
90 .
Ztek, CFCL, Mitsui, 14 ; .
Juelich GmbH 500 600 I 00 sj)o 900 1000
SOFC Operation temperature /°C
o SOFC Fig. 4 Classification of SOFCs in terms of operation tem
. SOFC peratures.™
) SOFC
Fuji Sulzer-Hexis HT-SOFC 1~10kW
Fuji 600cm’ L 0.1~1kW
30 kW HT-SOFC
, 1998 ,
Sulzer-Hexis 1999  Fig. 3(b)
12cm 70 kW . 800 HT-SOFC
Thyssengas GmbH, Tokyo Gas 600 LaCrO, Cr , YSZ
., 7000 2 : 150~250 rm
IT-SOFC  1~200kW
3.2 SOFC ,
SOFC . IT-SOFC 5~20 um
: 500~650 LT(low ,
temperature) SOFC, 650~800 IT(intermediate
temperature) SOFC, 800~1000 HT(high 850
temperature) SOFC
Table 2 SOFC technology and current leading SOFC developers'
Type Interconnect Electrolyte Company & Institute
LT planar metal - Ceres Power/Imperial College(GB)
. BMW/Delphi(US), ECN/INDEC(NL), FZJ(DE), HTceramics(CH), GE(US),
IT planar metal thin . .
Tokyo Gas(JP) Global Thermoelectric(CA), Ris ¢ /Halor Tops ¢ e(DK), KEPCO(KR)
metal thick Sulzer Hexis(CH), InDec(NL)
HT Planar ceramic thick MHI+CEPC(JP), SOFCo(US), Ztek(US), CFCL(AT)
tublar ceramic - SWPC(DE/US), Toto(JP), MHI+EPDC(JP)
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Table 4 Cpmparison of key properties of different alloy groups for
SOFC applications®

Oxide TECsuw (x 10°/ ) | Electrical resistivity ( ¢ cm)
Cr,0, 96 1x 10° @ 800
AlLO; 8 5x 10° @ 700
NiO 13~15 5~7 @ 900
Sio, 05 7x 100 @ 600
Fe,0, 12 1x 10° @ 700
Tio, 7~8 1x 100 @ 900
Zn0 ~9 60 @ 600
1x10° 4
1x10° o
CrO,(OH),
X107 64
E 1x10° %
% ; Cro;
1x10° 4 E 5 7
1x10™ 5 Cro(oH),
10 T T T T 10
7 8 9 10 2 ]1 0

Water vapor pressure / Log(bar)

Fig. 5 Vapor pressure of volatile chromium species as functions of

temperatures and water vapor pressure®

Cr,Os-former
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CI‘( ) .1,2,22)
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, CrOs(g)  2CrO,(OH)y(g)
Fig.5 H0

Matrix | TECsay | Mechanical -
Alloys . Manufacturability | Cost
structure |(x 10°/K)| strengths
CrBA BCC | 11~125 X X
FeBSA FCC 15~20 ~0
NiBSA FCC 14~19
Ferritic STS BCC | 115~14 o
Austenitic SRS| FCC 18~20 o o
Fe
Ferriti Austenitic
errific stainless steels
stainless steels
Ni-Fe-base
Cr-base superalloys
alloys

Cr Ni

Fig. 6 Metallic materials considered for SOFC interconnects®

Fig. 6 Table4 SOFC

SOFC Cr
Cr-base alloy(CrBA), Fe
(Ferritic STS),

" Fig. 6
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(Austenitic STS), Fe-base

(FeBSA) , Ni Ni-
base (NiBSA) .
Table 4 , )
5. 1 Cr-base alloys
Cr
Cr,0, SOFC
. Cr , Table 4
, SOFC
CQO3
, ALO;
4 order . Cr
Cr,0, s
Cr Y, La, Ce, Zr ODS
. Cr Cr-5Fe-
1Y,04(Ducroalloy)  Cr-0.4La,0,
Plansee Company > Cr-5Fe-1Y,0; 1000
SOFC
Cr-5Fe-1Y,0;
900 1 10 um,5 23 um
2 SOFC
800
, Cr-5Fe-1Y,0; 800
SOFC
IT SOFC (650~800 )
, Cr Fe
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5. 2 Ni-base alloys
Ni
SOFC . Ni
Haynes 230, Inconel 625, Inconel 718
800 ASR
, Haynes 230
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Haynes 230 , Haynes 230
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5. 3 Fe-base alloys
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Cr Ferritic Fe-Cr
. Ferritic Fe-Cr
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Hitachi Metals
22Cr
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1000 ,
STS430  0.5mg/cm’ ZMG  0.35mg/cm’
,ASR  STS430 0.11qcm’

ZMG232  0.025 gem’
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31
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APU(Auxiliary Power Unit) Ferritic Fe-
Cr . Crofer22 , Cr

, 0.08% La
Mn Ti ,



Table 5 Area specific resistance( €2 cm?) of STS430, ZMG232 and

Crofer222#2)
Test conditions STS430 ZMG232 Crofer22
750 x 1000h in Air 0.11 0.025 -
800 x 2000h in Air - 0.04 0.01
MnCr;0, Cr,0, .
MnCr,0, Cr
Crofer22 7ZMG232
2 Table 5
2800 2000
, ZMG232 1.1mg/cm’ ,
Crofer22  0.5mg/mg/cm’ 2 , 500
ASR ZMG232 0.04 omg/cm’
Crofer22  0.01 omg/cm’ 4
. SOFC
ZMG232  Crofer2? La
, MnCr,0O,
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