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ABSTRACT: Solid oxide fuel cells (SOFCs) represent a
highly efficient and environmentally friendly power generation
technology, whose widespread adoption offers significant
opportunities for both technological advancement and
economic development. The current development focus of
SOFCs is on the research and development of high-
performance  stack  components, integrated  system
configuration, and service life prediction. This article reviews
the recent research results and development challenges of stack
cells, stack components, and power generation auxiliary
systems from multiple dimensions. Based on the understanding
of the failure behavior and working principle of the stack, the
important guiding significance of using life prediction
technology for SOFC life optimization is emphasized. At this
stage, SOFC development still faces multiple challenges, and
related materials, preparation processes, and prediction models

need further research.

KEY WORDS: solid oxide fuel cell (SOFC); stack compon-

ents; power generation auxiliary systems; life prediction
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Fig. 1 Schematic diagram of

SOFC single cell structure and working principle
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Fig.2 Schematic diagram of T-SOFC cells stack structure
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Table 1 Relevant literature on T-SOFC
research between 2018 and 2023

Ay A B K IR E /(mW/em?) S KR
2023 FHL AR 222(@750°C [ {A:H%) [11]
2018 EEN A5 178(@750 CES) [12]
2022 &8 271(@800°CE/X) [13]
2023 BH % 570(@700°C A %) [14]
2023 PHAR 465.8(@700°C &) [15]
2022 (R4 1190(@700 CE ) [16]
2021 BHB% 1004(@750 CER) [8]
640(@700°CES)
2020 j 17
g 670(@700°C A %) 17l
462 CTEA
2020 MMM (@100 (18]
335(@750°C 3¢ Jt)
i 1150(@700°CE/S)
TEPERRE
2020 P 1 B 1 230@700C %) [9]
2019 BA4R 251(@800°CE/S) [19]
2019 BHAR 360(@750°CE/S) [20]
670(@700°CEX)
2019 21
! ks 220(@700°C ) 21
400(@750 CES
2019 BHA% @ 20 [22]
500(@750°C F ¥5t)
2019 g R 542(@750 CH ) [23]
2018 16 P 559(@800°CE/X) [24]
853(@750°C A
018 Ak (@100 [25]
562(@750°C H k%)
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Fig. 3 Propane power generation
system with MT-SOFC integration
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Fig. 4 Schematic of P-SOFC cell preparation
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HEA RUFHUMGEE . AR R E IS SR,
TSP G A B T HOE R 300, Ceres Power
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Table 2 Commercial P-SOFC performance data

AREA

i e Ty 2

Bloom Energy

200~300kW(ES)

bloomenergy.com

Hexis 0.5~1.5kW(ES) hexis.ch
Sunfire 0.75kW(ES) sunfire.de
Fraunhofer IKTS 0.3~20kW(ES) ikts.fraunhofer.de
Kerafol 4.3~9.8 W(ES) kerafol.com
Upstart Power 1.25kW(ES) upstartpower.com
Nexceris 8.8~44.55 W(ES) nexceris.com
Elcogen 3kW(AS) elcogen.com
SOFCMAN 3~5kW(AS) sofcman.com
CCTC 210kW(AS) htech360.com
H2-Bank 2~3kW(AS) h2-bank.com
SolydEra 1.75~8.0kW(AS) solydera.com
Fuel Cell Energy 250 kW(AS) fuelcellenergy.com
Delphi SkW(AS) netl.doe.gov
Murata 1 kw(AS) nedo.go.jp
Redox Power Systems 25kW(AS) redoxenergy.com
Ceres Power 1~25kW(MS) [34]
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Fig. 5 Ceres Power 150 W short stack thermal cycle test
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WiEh & MS IEZ R K, (B ek RE
TEVRFCOATLEE A B b
1.1.3 % SOFC

Ji 4 3 SOFC(flat-tubular SOFC, FT-SOFC)%%
Fyi% it 3 B T-SOFC il P-SOFC 4 fi(in &l 6 i),
FLUA R 2 3 A s S R, FT-SOFC 7t
Westinghouse XAl Siemens /A F Bk, #HZKHE H
HPDS(HU 7R IMIESE)F DELTA R5IHHl, %
kARSI ), Hodh HPD10 HLHEZE 900°C LA
225 W KRBDIFEAEIREETHEYT 26000h, HE
FEIRFAN 0.00002%/he SR1M, FHiERE Westinghouse
AT FT-SOFC 4572 ARIARAE N SCHE,  BA R 5 o
EWTILTE L, FT-SOFC & B . i Ty Al
AN 2 MAEE e G o0 R, —WRIB SR i
MEREE AR T da b K e 84T

(a) BARRA

(b) ERAM
GDCH[i] )2 %

S b

HUR A BB S 1

(c) HJBTH 45 )
6 FT-SOFC ;RE[E:

Fig. 6 Schematic diagram of FT-SOFC

FrH A FT-SOFC 4, 73 Bt 2\ B (segmented-
in-series, SIS)tHJE —F# . FT-SOFC %it4. SIS
AT DL B AER S 300 M P A0 3 1) B 2 1R 3 8 A
AR A, NEDO Tl H i F Y Kyocera £
NGK ## )T SIS &bk, £KI&
14 000 h Rt F2 e, SIS Myt R B K aFAa e vk,
FEIRZE4 519 0.00 033 F10.00 029 %/h*™, HF 5 iE
RIL, SIS FHMK IR A DT #k % 2D (<0.00 002 %/h),
P, L 4 K 8 43 32 R 1 IR A B 470 0 B AR B A BEL
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TLRER B, FT-SOFC % 3& B T #4 i 52 20
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PR R AT B 2 A 1,

1.2 EEF

SOFC  FLHE Hh 5. R o0 20368 3 3 2 A A i S 8
SAHT . VENRRA, ERR TR R A U
5 FEE A AR AL SR L DRI () #IZ IK 2 % (thermal
expansion coefficient, TEC). #&X}" < % & A LIk
JRAFRE W R R A, R
Iy B R Jm I 2K . M R B AR B 2R
LaCrO;. SrTiO; 1 YCrOs 2%, # WL T miiik SOFCP,
LaCrO; ¥ ¥R e IF H 5 2 o d i A 1 Fe s i
I, AHREEVE TEZEXE LARIE B SITiO; M1 YCrO;
IRAEVELF, E RS S BB R S e Ah, B R E
Ml T E DT 48 Ag BU Pt SGIRFHVE, HE
Cr BRI W] Ge A BLHE R S BUR TR &, 1
EEHEE R, R, EEERAZ T H R
AR R T-SOFC B R,

HICCARIREE ~, &8 iRk SOFC B &tk
Mribiikse. eBEREG &R, 502 3K
(26 W/(m-K)) A5 H (=1 S/em) PEAE TR, 5 ik
A PGERL(ZAF TEC 21 10.5x10°K YL, 4w
BRI R FERER Cr &4, BN Cr Km S
AAMERIMAERKENZE . 581k, CWE Cr
FE. Ni-Cr # Fe-Cr 542. Plansee #fEH! [ Ducrolloy
(CrsFeY,03) 2 i 1) Cr 35 &4k . S81M, Zhu
gAY LR A% o R R B AL E 2R K i Tl
W, AR T R HER B AR E KA Y
DI FEAARTH L i FH (area specific resistance, ASR),
11 ELFE 6 70 Wb i =k AT e e AR 4 B A A Ak, 5l
ARl . Ni-Cr & &% 02 FMELr, H
i TEC Mt L&A % %t SOFC M g4,

5 Cr 2. Ni-Cr 5448, Fe-Cr A &PiE L
Moy INCHEAAE LT, 5 SOFC A& &, T
HRAR O IT  RARAEHA(TEC~11x10°K ™), A
AR 1. R 3 4 AR IE AT N E R
o FEENE P2 (American iron and steel institute,
AISDf R A2 430 ANHMNIMENERAR, HEAKK
Cr §EFBURTPHEENENELAKANE TR
i, DRI KR . Yang 25204 Fe-Cr

BEWBEE Cr &8N 17-25%, & Cr S EMME
Si W B B A L Z B ATAE K . (M, AISI
7E 430 FEAb FAHZEHEL 441(Cr=17.8%)F1 444(Cr=
17.6%)H- 5 AW, —F MUk Si & &, bFst
7511 Mn. Mo £ Nb DA &6 S PrA e . Crofer 22
APU Fl ZMG 232 #— P m & 41 Cr & 7 (22%)
Hrh, i Jilich JF R Crofer 22 APU &A% BT
ERPUEER BTN, R L E RS
4%, ZMG 232 i Hitachi Metals BlF %, 7ER I Al
A Si Al ReRA A m A S, SR K AL
Si 7 &M ZMG 2321 F1LA W Cu #1 Ni 2t 1) ZMG
232 G10P7, e Jg, Cr &Mt 25% X4 IT™ I
E-bright & @EZMA. HAEENZ, M Cr8& T,
oy e E AL 800°C BRI R 5 Kk & &b et
oMUTIENT . Bk, TAFMIFLEG &R, Bk
HLMEIE AT R R AE s TEC ot .
%3 Fe-Cr A&EEE

Table 3 Interconnectors for Fe-Cr alloys

Ji= Cr 5 8/% oAt 48 /% SRR
AISI 430 16.5 0.4Mn-0.35Si 58]

0.5Mn—0.02Si-0.02A1-0.1Ti-0.1La 1%

0.5Mn—0.4Si-0.21A1-0.22Zr—
ZMG 232 22 } 56
0.04La—0.26Ni

0.04Mn—0.03Si-0.04Al— “
IT™ 25.7 1361
1.9Mo-0.21Ti-0.24Y

Crofer 22 APU 22

E-bright 26 0.05Mn—0.2Si-1Mo—0.INb-0.15Ni ¢

& B AR RIS A LE CryOs S AE KA Cr
VIR KB HIRIILS, BUfE 0 1 Re g2 18 5
Mo NIEKHEHEME A, O BESEE AR &R
AR E . ABO; BN Sl AR m, nliEdE
e A 5 B AL E PR S HPERT TEC. ©HF K
H SR R EH La,_Sr,CrO5- La;_,Sr,MnO;.
La,Sr,FeO; 2551, (HABERH {547 2 A7 AR I8 5S4
THSRBRAA S EER NS, ARd— P10
tho REAHRYZT7H, H Mn. Co. Ni 8¢ Fe 41
JRIITE Cr 7o S B S B i o e 1)
& Mn, Co)HE ¥, H TEC &M & & (11~
13x10°°K™"). S m HRAMK. Yang SO0
Crofer 22 APU IR¥{ Mn, sCo, 504 J5, JMRAXISFEH
ASR AR, #£) 400h J5A2ELE 13 mQ/em® (41
K7 pi) . B B R E A £,
AR 5 40 WA 2 B SR B0 R e A AU Wt K BB 4T
I AR AR AP 2 R B A ST TG B ORI 45 R v AR
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Fig. 7 ASR at the interface between Crofer 22 APU and
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TS T A AN [ 2 A i i 1) R 2210 2 RO
EIRAGR,  EERAARIBH A 8] 5 R Ni /& 3T
£ MEBRMOLE )FM TR T, kT
WREZFER, AAAHE: D EEIRN, Bk
NI R R RN O B U RN S R PR S il
Hoglos 2 RS SRR 3) Fihik
TEC< 14x10°K™", F5HAMA MK <10%%;
4) FEHRIREE T R MR E 5 R Cr
BB 6 BE A RN BB BT 2.

meEm TR E . P, RS
T B AN s FHAE IR AR A . Yang 251°ULL Pt B
SEIG, FERA ST AP PRI 2 MRS, 200h
M ASR 4EFFE 10 mQ/em® AR . (HEES BT IR Ag
4h, Au. Pd. Pt kit E. Ag HFHRE(1.46%
10°S/em), KE4EimE SRS . AR TEC
(1.9x10°K™"), HEGE LKL L. BRI
BN A ot 2 SR e R S 1] Y, AR, Ag
7E SOFC AR £ 28 A K 1 1) H A3 %3 . 418 Lu
)44, 800°C RAFid 1000h, Ag i & ik ATk
0.016 g/cm’ Ag {5k GBI HE I42 i 53 k204 3of HL
R B AT P AE AN AR . N PRIRAR R TR, W]
ZREK Ag e EE TIERERKE 600~750C 5
AR, geAh, BAT R ROAS AR AR A
BB AN T I SRR AR, H 38 3k 45 4 52 It
P22, SRR LI 5 PR A R 2, AR
SR A TR O,

il —, S

A Gtz —>

A LTy
Bicrl B2
BRI

8 PAMMIERAREE

Fig. 8 Schematic diagram of cathode side current collector
1.4 EHE

BRAPRLR I IR R 2 A AR OB, JUHXS
TR A A K P-SOFC, PRER A%k, KA1,
BT S5 BBHM HAR TR B R A e, 2557
M 75 AE e R 4 70 e SR AR A IR Hh DR A E
RLUFHUMPE AN A R, IR, a5 3T
S NIRAR . R B AN 3 e T
A% BHE N AR R AT A A R SR R o B
STt v A SE I A . — e AR B ARV AL
WE R B A, TEC 28 FERE, (BTN 574 75 73
A ¥535] BAS AT SUE B BE AR o SRR 5 78 % IR
TRk &%, TR 73/, 40 P-SOFC % MS 7]
KA EFRERT BONRRRIZ, R “ 5 s
PO HEF, XA R BT K T R HE T
PRI, 145 df i FE Szt iy T F v CARIR B . PRk
e AR E TR A B S B ] 38 2 R A IR
A FLBR AL, Hsu 2V B 6l - R IR 5
AP MAFNEIL 148 IEiR~800°C #H1F
IR RFFRE . (HEH B BIERGEAR, 5
B R o PR A R AR A e
P GTRG, RN BA RIFRE ARz,
£ SOFC % 77 M AASVI I FU R . 281, dlid
A48 52 2% 1A B B A8 DA ST 300 %85 3 7)) B AEURG VR A
EAPAE—EHhll . BLAh, BRI PIEIIRE . K
AT 435 il 58 5 o P4 3 i ) AR g PR ML G
Eii0L 2L N
2 SOFC BtHX RS

SOFC K HLAR i LRIk 60%, (HIChRH
HAEAEME DA X —HUE . R ORHR] F Z R K
RLRLE, KRR R4 & LB e LA 34T —
YRR A 43 4 27T BL Kim 5079 & (¥) SOFC-
0 78 & K 46 5 K R 8 HL (homogeneous charge
compression ignition engine, HCCI) & 4t A %1 (I
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