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AR BN E B A AAT Dy S e e R e T R B MR BE RAE AR . 45 R ER, 4 800 h MR, & Mn-Co i E BT L
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JE 18 E B HARAESLBR, vkRHLE Cr Ja s B9 #5,
PELAI) 1 HC R 18l

R TR IS8 O AB2Os, HH,
AL B JGE A o A U T AR ) B )\ T AR (R B
M4 EHEF. Ay B A a4 RS FiuH
®r, @EAEESEIGR. BT REAMEH
BN, HHFRMMEIK REIEERRKER,
M AE R ICER T LUA B s I 5 e i S
FEUCHC ) K R 2. 10, CursMnp0404 5
MnCo04M5I7E 750 “C I 1 HE 3 245 71 4 225 S-em™?
531 S-em™, K RE 8 12.2x10° K1 5
13.5x10-6 K-1016],

AT IR 2 T AR A 0 R AT )
Cr JLRERMIGEST, BINAZE—FE AT SR E
#El. Hosseini ZEM7IZE AISI430 AN454H Fid it 22
WX E[ R 28 T CusMne 70448 )2, (HiZ R JZE R I
B2, RERFRHDITREMY ZE, T EELIE R
A AR 3 5 AR AR R A 7. Lu 508
1E AISI441 K T Ceo02Mn149C01.4904 )=,
£ 800 C# < HH 852 1200 h j5, HH L HBH(ASR)
A 5.5 mQ-cm?. Wang 251917F SUS430 ANE54W
K BRI T MnisCo1s04 1R)Z, K4 A1
FIFRESCE, A Ek 1000 h J5H ASR 4iFF
7E 16.5 mQ-cm?. Pan %5ROE o i i -k 2l 4% 1
CuFex0s RERATIIA, IR IR 7 208 o 2%
1E SUS430 ANVEEARIEAA I, B TR T B BmEL
FRERIR)Z, 120 h P ERR ER, REFEINE
I BRSO TR E RS I 20%. Zhao S5PUTE
SUS430 AN EAR il 4% T (Fe, Co, Ni)sO4 i), 1E
800 T H b 5 i J=, L ASR 4 13.28 mQ-em?.

FRUE Gk, 4 i HU B s BT TSR B D
A TAEHUAE SUS4A41 ANEBAN R TH 1] % (Mn, C0)304 2%
ARE, S LRE SUS4Al ERABET X EL,
TS TR L FPH . SIS AR AR B A R E R
FAAT NI, I A AN FE AR 5 A% A
(1% S T 4 fo P L % S THD VC C R

I SUSA41 AEEANVE NIERAR NS, FEM Y
PIEI A 10 mmx10 mmx1.5 mm. CEAEERER . SRR EN
(Frirak, 258 A BRA 7)) 75 BUE LB
o HIMGEESEGH KA SR, Hes T
IRV . SR AT BAE SUSA41 ANGHARELAL
FIHIH % MnysCo1504 ¥R (fin 44 4 coated SUS441),

B J5 (RIS g, JF7E 850 C =S Bk 10 h.
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BB B . E B AT R R (1)

Rtotal = Rinterconnect + RLscr + 2Rc (1)
A H': Ruotals Rinterconnect. Rusce 7 N B  FEBH . &+
PEELBE . AR FERH; Re A fil B R .
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Fig. 1 Microscopic images of interconnects

(c) Coated SUS441
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HEFEARTE SOFC H 47 57 JEEHEAS ] () S b B
JG, HAURBABEAR Z [ RoE sz . SR SR
AR RE AR B TR R R R 2 —, mHT
RRIEREAR ] DLR el U HE R I BE, T ER R
T AR R R T R R R S PR RE . B 2 JROR T
AN FERERARFE SMTEAFIREE N1 ASR L AE L, i
FIRERI T, FTA RS ASR {H14 2B H R %R
B X—IRE MR T RIS,
BVBE A IR B TS, PORH F S e, L fH 2R B
k. LA SUS441 #aohfl, #E 600 CHY, H ASRH
9 10.94 mQ-cm?, 1 4% FF R A 800 'CHY, ASR
{H2Z FFEE 3.29 mQ-cm?.

TERLI T ) SR A T, SRR
f— 2 Cro; BMLE, XEFAMENERAR ASR
HEBEREm. /£ 600 'C5 800 CHIZMT,
coated SUS441 ¥ 5 ) ASR 143 %A 3.26 mQ-cm?
1 0.47 mQ-em?. HIGIRIZH SUS441 F AR EL,
coated SUSA41 ¥ 5t e L [ SR ASR fH. 1X—
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—a—SUS441
—u— Coated SUS441
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Area specific resistance/(mQ-cm?)
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Temperature/C
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Fig. 2 Area-specific resistance (ASR) of interconnects at different
temperatures
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AR R R, TR B B 3 R
T In(ASRIT)5 1000/T Z AR R, W& Z A7
TELRMER R, XM RIUESE T IEBARE IR
SHRHERF G R A g R
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4B A e, BRI TR
I AT ) 2 OC HE B . BRI L RIS LR B
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JEF R LTI ES T, NI I 4 s (1 Ak
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Fig. 3 Arrhenius plot corresponding to conductivity

7t SOFC HigATidfEH, &)@ EARm R
EVEROCHEEL, HER | I )RR Ay,
Pl 4 AN [ 4 3% B A T Lk v BELE B AR 1) Fr A8 1 9
F oI HHATE 750 C 1) SR AR T X SUS441
J% coated SUS441 £ LA TINR, FTLAVIEZEITE 720 h
AR, SUS441 [ ASR 4\ 26.07 mQ-cm?
BN 52.41 mQ-ecm?. X—¥ Il FAERET,
SUS441 KITE R T RJERIAAZ, S8 ASR 1,
baJ5, ASRHZENS T FEIFFEELE 25.54 mQrem?, X
B TANZHRE— PRI E R, SECRBLR K.
AHEEZ R, coated SUS441 HJ45 ASR B4 3.96 mQ-cm?,
2341300 h 5, ASREMGINZ] 16.38 mQ-cm?, 2
JE %18 N F%, 7F 820 h I ASR {H° M 11.97 mQ-cm?,
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PrEALRE 1, HHARER ASR HEME, T
IFRIRaE M, 1Z4 RS B SRR A,
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0 WD
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Area specific resistance/(mQ-cm?)
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Time/h
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Fig. 4 ASR of SUS441 and coated SUS441 interconnect at
750 °C
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TAUT 0 R B AR R AL I AR RS R R R
IR, XM AR A L2 B AN AR e ME 2 I
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SUSA41 FEFARF I B 4 i A PR RE
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Fig. 5 Mass gain curves of SUS441 and coated SUS441

interconnect at 750 “C
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IRTE il N R RIBN ) SR B, ] T AR =
i~ J7 58 R R B . &l 6 O SUS441 Al
coated SUS441 IEHAA IS 8] 5 038 B~ TJ7 1 2%
R, fERKZ1200h 5, EEERENATHHIFEL,
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Fig. 6 Corresponding kinetics curves of mass gain of SUS441
and coated SUS441 interconnect

I 0IET 200 h AR IEATIE b, 19
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A LAf35)] SUS441 Al coated SUSAAT FEREARIT) Ko {H 7
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HERARRE RIFOARTER . Mn-Co iR)ZMFAER
BB I T R A R RV ARSI R, R T
BARRME 528 M, MR T8,

i

(d) Coated SUS441

B 7 KIS AR RO SR
Fig. 7 Surface morphology images of interconnects after long-
term test

(c) Coated SUS441
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T7E 750 “CEniREAk 650 h 1) SUS441 Bk,
KR T REALE . Bk RSnegE, He
EIEREZ) 20 pum(&l 8a). (EFEAT LT Sk
R, PR A IR N Al IXTE TR AR L3
SRR R . LasE R, SUS441 %
Bt i) Cr ot & MR T M R HIE AL I A,
1M Fe JG 2 M AR T 2 Hrisk 2k (K] 8c), X2k Ak
PR AR R I R . M2, RmAH
Mn-Co #RJZ 1) SUS44L JEBARFE SRS ALSE T LT
A HBL Fe BUKZ K Cr &2 (K 8d), XK HiZFF
dn A LI B A AT, IRE AR S T
SUS441 IEEARMIE— DR . XF R E 3 S
T B BIAA S N K AR P A, X

TYERF SOFC AR TERE AR E ME B R B,

W

(a) Cross-section morphology
of SUS441

(b) Cross-section morphology
of coated SUS441

Intensity
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g P
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Distance/um Distance/um

— Al — C —Cr —Fe —O
(c) Line scanning of SUS441 (d) Line scanning of coated SUS441

B8 ATt f JE F A e T T T SRR B A i
Fig. 8 Cross-section morphology and line scanning of interconnects
after long-term test

2.2 Mn-Co i EXTBAHR U 7 E e BE A9 $2 0
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HEYPSH, N T HRERAR S i Mg & e e
PEZ ST, 9 JRIRN 1A AR LaoeSro4Coo2FeosOs
(LSCF) & BA R 4237 )2 LSCF+ 10%Ag(J5 £330 1) #4
M2 o E I 4DLA il R 38 T LTS 30 A i 1 4
JEMK 25, ERIAMTER 1L . B4 Ag e
ik Z2%(19x10°° KNz K LSCF #iZik Rk
(12.75x10°° K1), Hbin A& Ag Ja gk RECK
IR T, THE 14.18x10° KL, Ah%H4S & i A
KRB 13.5x107° K116, = F SUS441 4k
(12.35x10°6 K1), [A 43K HEL 7% Mn—Co iR)Z)5
EERIR VBRI R B A T, 3 1257x108 KL,

0.012
—o—LSCF

0.010 | —+—LSCF+Ag [
o SUS441

0.008 t —<— Coated SUS441
< 0.006 |
3

0.004 |

0.002 +

0.000

200 400 600 800
Temperature/C
Note: dL is the length of the sample change; L, is the initial length of the
sample.
B9 LSCF. LSCF+10%Ag. SUS441 F coated SUS441 i
ZIK ith 2k
Fig. 9 Thermal expansion curves of LSCF, LSCF+10%Ag,
SUS441 and coated SUS441
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F1 BEKMAEIKRE(TEC)
Table 1 Thermal expansion coefficient (TEC) of different
samples
Sample TEC/K
LSCF 12.75x10°8
LSCF+10%Ag 14.18x10°®
SUS441 12.35x10°6

coated SUS441 12.57x10°6

WER S NXEBAR I I IRAT R R, (5
WIZWERAE, HAMZIK 2505 LSCF [IRBC A
i, Mn-Co i ZAFELEN A B T4 mnde e 5 Wl
Z AR IC RO o AR B R 2 ] 2 fi HL B 2
s SOFC VEREMEZE R Rz —. RIUFM) S
RERS 0T 170 P 3 2 [R) B W A i, AT BRI
T FLRE, 980/ NERUSAR AL, $5 vy F vt R i L R 2
AT E . B 10 ANFENRERA S P LSCF 2 17]
V1) ST B fd ELREL . SUS441 5 LSCF (8] {1t 73 T £ ik v
BRI 3.54 mQ-cm? FFas ATt s, e T4
JE R 14.57 mQ-cm?. X P BRI N Cr oz
(Bt a e, I Cr oA R T AT RE2 1A 7
T X SIE 2, AT S0 7 9 4% S R B0, A L
Z T, % coated SUS441 & LSCF 2 [a] f 5 i £ il
P, L I o 0BT [ 7 2 KT AN BT B, A BT 1)
20.78 mQ-cm? Z21% T %% 7.99 mQ-cm?. Mn-Co ik

20

SRR SIS T A TR SE R, b 1 ST AR Y
SREEATHIARE A, AT FEAR T 7 B g B3

30

—4—SUS441
25 + —=— Coated SUS441

20

IS |

10

Interface contact resistance/(mQ-cm?)

O 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800
Time/h
K 10 AFEERAR S I LSCF 22 18] i1 5 1H 2 fih o BEL

Fig. 10 Interface contact resistance between the different
interconnects and the cathode LSCF

WO LR AR B AR R 3L i 23 MR AR
PEPETT 2 B T AR R TH B SRR B2 1 B 2
HETT VA AR S 2 18] (R VT BC AR B2 AN e i . 1R
11 2y SUS441 5 coated SUS441 Jz Hoxf i #2 it LSCF
EHRE =4S B X, mTeA B
Pt 2 Fibh Rl LSCF E Ml il £ 2 dk—0
FUH T AR R, e S AT T A S
Fro HUREEEUUACMY ASR AT 5E UNT(4):

106,
80

60 N
Xum 40 -,

(a) Laser confocal image of SUS441 surface

(c) Laser confocal image of LSCF surface in
contact with SUS441

(b) Laser confocal image of coated SUS441 surface

.80
y 60 y/um

(d) Laser confocal image of LSCF surface in
contact with coated SUS441

Bl11 ek R A LSCF 2R MBS B0 R ERIG
Fig. 11  Surface morphology of laser confocal images of interconnects and the corresponding contacted LSCF layer
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#*2 TRIEEFSNN LSCF ERFEREE RE AR E
Table 2 Roughness and matching values between different
interconnects and corresponding LSCF layer

Sample Ro/um  ASgof Ry Rz/um ASg of R,
SuUS441 0.618 0.605 14.277 0.595
SUS441-LSCF 1.022 23.991

coated SUS441 2.680 1.156 19.604 1.168
coated SUS441-LSCF ~ 2.318 16.789

Note: R, is the arithmetic mean of the absolute values of the vertical
coordinate; R, is is the sum of the average heights of the five peaks and
five valleys; ASg is the quotient of R, or R, of the untreated sample and the
treated sample.

ASr = R1/R> (@)
s Ry AARMEFE T Ra 8l R,y R AACHL G FE
AT I Ra BR Rzs Ra &R LE A H AT 1)
B, R./2 5 MNEM 5 NI EEFIEZ . ASk
R 1, AR A i R I VT R

M=ZEEG BT USRS, SUS441 &AL
LSCF ZHIVLHC s . BARSRL, SUS441 &z
5 M LSCF ¥ fH kS 2 VT EC (A >y 0.605, X AMA
R 1, RUAPE Z M IRIREEZ R EOR, Bl
ROBEAEE. M2 T, coated SUS441 E A
LSCF frAL RS FE LRGN 1.156, XAME#L T 1,
B coated SUS441 EH:AR 5 [ LSCF ¥R %
PETE VLA, B R T .

XAl R 2 14 2 T DG P P DA D T Ak 1) 2% B AN
ANFESREME, TR AL BE 2 1B fi s R SR 4 (1) LT A%
Mg m. X—gRERAmMEMBENg e —8, B
coated SUS441 & 4K 5 LSCF 2 [a] ) Fi 1HI 4% firh v BH.
B,

3 i

£ SUS441 BREA MR I HI % Mn—Co ¥k
2 FHRHZIR B AR E AT R B I T
BELPAE R M 5 THI (3R AT TIRAIR AL SR,
WIEREEFEIC T SUS441 HTHIEL HAFH, M 3.29 mQ-cm?
B2 0.47 mQ-cm? (800 'C), JH7E 800 h 4L /514
FER A T B FELFEL(11.97 mQ-em?) o A0 18 21 A
T, BEEBIRE T SUSAAL EMIETE, (UAT
WEFEA ) 43%. fEFTHREE 7T, coated SUS441
LBt LSCF 42l Fa BH B I(7.99 mQ-ecm?), A
TR ZHE Y 55%, FHTRCRLRS B UCRC R AR . B i 4h
R, Mn-Co i /ZReA M FFK SUS441 [ fkid
RGP, A SR PTE RS .

SE TRk
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Extended Abstract

Introduction  Solid oxide fuel cell (SOFC) stacks depend on metallic interconnects to ensure the performance with cathode-side
protection and interfacial resistance as key determinants. The existing coatings like perovskite, active element oxides and spinel all
have drawbacks. For instance, perovskite coatings fail to inhibit oxygen ion diffusion, while active element oxides are typically thin
and porous. In contrast, spinel coatings have a promise due to their lower densification temperature and ability to suppress chromium
volatility. However, there is little work on the contact resistance. In this work, a Mn—Co spinel coating was applied to SUS441
stainless steel to reduce both oxidation and interfacial resistance. This approach could offer a viable solution for optimizing the
performance of SOFC stacks.

Methods SUS441 was chosen as an interconnect substrate material, and all the samples were cut to small pieces with the
dimensions of 10.0 mm x 10.0 mm x 1.5 mm. Manganese nitrate and cobalt nitrate (AR, Sinopharm Group Co., Ltd., China) were
dispersed in ethanol solvent, with dispersant, binder, and defoamer added to prepare a precursor solution. A wet-spray device was
used to deposit Mn15C01504 coating on the SUS441 substrate (coated SUS441), which was then dried in air and calcined at 850 °C
for 10 h.

The area-specific resistance (ASR) of the samples was measured by a four-terminal method with a CHI760e electrochemical
workstation (Shanghai Chenhua Instrument Co., Ltd., China), with a voltage range of -1 to 1 V. The interfacial contact resistance was
calculated based on the ASR values.

The thermal expansion behavior was characterized by a model DIL402C dilatometer (Netzsch Co., Germany) at a heating rate of
5 °C/min. The microstructures were determined by a model S4800 scanning electron microscope (Hitachi Co., Japan). The oxidation
mass gain was monitored by a model FA2104 electronic balance (Shanghai Shunyu Hengping Scientific Instruments Co., Ltd., China).
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A three-dimensional surface profile was obtained by a model LSM700 laser confocal microscope (Zeiss Co., Germany).

Results and discussion The coated SUS441 exhibits an uneven surface but a dense cross-section free of cracks or bubbles,
indicating a robust adhesion between the coating and substrate. The Mn-Co spinel coating substantially reduces the interconnect’s
resistance of 0.47 mQ-cm?, compared to 3.29 mQ-cm? for uncoated SUS441. Also, the coating enhances the activation energy (Ea) for
electrical conductivity from 0.59 eV to 0.91 eV, thereby slowing electron migration and reducing the oxidation rate.

The results of long-term testing at 750 °C show that the ASR of uncoated SUS441 increases from 26.07 mQ-cm? to 52.41
mQ-cm? after 720 h, then gradually decreases and stabilizes at 25.54 mQ-cm?. This may result from the maturation and reconstruction
of the oxide layer, which lowers the resistance. In contrast, the coated SUS441 has an initial ASR of 3.96 mQ-cm?, which increases to
16.38 mQ-cm? after 300 h and then slowly declines to 11.97 mQ-cm? at 820 h. These findings demonstrate that the Mn—Co coating
significantly enhances the high-temperature oxidation resistance of SUS441.

The oxidation mass gain is a key indicator of interconnect oxidation resistance. The coated and uncoated SUS441 interconnects
both exhibit a rapid mass gain in the first 200 h. After 200 h, the mass gain rate of the coated SUS441 slows and stabilizes, whereas
the uncoated SUS441 further increases. The dense Mn—Co coating effectively blocks oxygen penetration and metal ion migration,
thereby slowing oxidation and enhancing resistance. The relationship between the square of oxidation mass gain and time indicates a
change in oxidation behavior after approximately 200 h, likely due to the thickening of the oxide layer hindering further oxidation. As
the oxide layer thickens, the internal mass transfer becomes more difficult, slowing the oxidation rate. The Kp value decreases by one
order of magnitude during the slow oxidation phase, compared to the initial rapid stage.

The coating has a limited impact on the thermal expansion of the interconnect but brings the expansion coefficient of SUS441
closer to that of the Lao.sSro.4Coo.2Fe0.sOs (LSCF) cathode, thus improving the thermal compatibility. The initial interfacial contact
resistance between SUS441 and LSCF is 3.54 mQ-cm?, stabilizing at 14.57 mQ-cm?. For coated SUS441 and LSCF, the initial
interfacial contact resistance decreases from 20.78 mQ-cm? to 7.99 mQ-cm? The Mn-Co coating likely improves the interface
microstructure, reducing defects and roughness, and enhancing electron transfer. The analysis of laser confocal microscopy indicates
that the roughness matching value between SUS441 and LSCF is 0.605, and it is 1.156 for coated SUS441, indicating better surface
compatibility and contact with LSCF.

Conclusions The Mn-Co spinel coating was coated on the surface of SUS441 interconnect, and its effect on suppressing the
interconnect’s oxidation behavior and reducing interfacial resistance were investigated. The results showed that the coating
significantly reduced the ASR of SUS441 from 3.29 mQ-cm? to 0.47 mQ-cm? at 800 °C, maintaining a relatively low ASR of 11.97
mQ-cm? after 800 h oxidation. The results of oxidation mass gain tests indicated that the coating effectively reduced the oxidation rate
of coated SUS441, which was only 43% of that of the uncoated sample. For the interfacial properties, the contact resistance between
the Mn—Co coated SUS441 and the LSCF cathode was 7.99 mQ-cm?, which was just 55% of that of the uncoated sample, with
improved interfacial roughness matching. These findings could demonstrate that the Mn—Co spinel coating effectively mitigated the
oxidation rate and interfacial resistance of SUS441, thereby enhancing its high-temperature oxidation resistance.
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