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ZHANG Yong, LI Qiang, WU Cai-hong, FU Ming-jun, MA Jiang, SUN Ye-ze-mou

(School of Material Science and Engineering, Chang'an University, Xi'an 710064, China)

ABSTRACT: Fe-Cr ferrite stainless steel is an ideal material for the interconnects of low and medium temperature solid
oxide fuel cells (SOFCs), but its surface is easily oxidized in the high temperature aerobic environment and can cause "Cr
poisoning" of the cathode, resulting in the reduction of cell efficiency. Mn-Co spinel is widely used as protective coatings
for the interconnects to improve the oxidation resistance of the interconnects and reduce the diffusion of Cr. However, in
the long-term service process of the Mn-Co spinel coating, there is still a phenomenon that the diffusion of Cr element

leads to the continuous thickening of the Cr,0; transition oxide layer and the decrease of the electrical conductivity of the

WRmEH: 2022-05-31; EITHH: 2022-09-08

Received: 2022-05-31; Revised: 2022-09-08

ESTH: %&AAHN R (20206Y-278; 2020ZDLGY12-07 ); B & 8 AAF A4 (51301023 ); B K&K 5 £ 013 41 k)| 4 it X
(8202110710094 )

Fund: Science and Technology Program of Shaanxi Province (2020GY-278;2020ZDLGY12-07); The Natural Science Foundation of China
(51301023); The National College Student Innovation and Entrepreneurship Training Program ( 8202110710094)

Bl KFP, £, AE¥k, F. SOFCs & 5% H KA @ Mn-Co £ & B EFRILK[T]. A @I K, 2023, 52(9): 1-9.

ZHANG Yong, LI Qiang, WU Cai-hong, et al. Research Progress of Modified Mn-Co Spinel Coatlng of SOFCs Metal Interconnect[J]. Surface
Technology, 2023, 52(9): 1-9.



F om B OR 2023 4E£ 9 A

coating. It is found that the above problems can be effectively improved by doping modification of Mn-Co spinel coatings.
In this study, based on the research progress of Mn-Co spinel coating in recent years, the typical Mn-Co spinel crystal
structure and its conduction mechanism were briefly described, and the possible doping sites of modified elements in
Mn-Co spinel and their effects on the crystal structure of spinel were summarized. The effects of the modification of rare
earth elements Y, La, Ce and transition group elements Cu and Fe on the oxidation resistance, electrical conductivity,
adhesion and thermal expansion coefficient compatibility of Mn-Co spinel coatings were emphatically expounded, and the
mechanism of modification elements was summarized. The focus of different elements on the modification of Mn-Co
spinel coatings was summarized and compared. Finally, the problems existing in the Mn-Co spinel coating in the current
research and the research direction of the modified Mn-Co spinel coating in the future were prospected.

The doping of rare earth elements in the Mn-Co spinel coating can improve the denseness of the coating and reduce
the thickness of the Cr,O; transition oxide layer, thereby improving the electrical conductivity and oxidation resistance of
the interconnects. In addition, the doping of rare earth elements in the coating can inhibit the formation of defects at the
oxide/substrate interface and improve the bond strength between the coating and the substrate. Therefore, rare earth
elements have a dramatic improvement on the oxidation resistance, electrical conductivity and adhesion of coating. Fe
doping into Mn-Co spinel can make its coefficient of thermal expansion more compatible with the ferrite stainless steel
substrate, but reduce the conductivity of the coating. Doping Cu in the coating can significantly enhance its electrical
conductivity, and the Cu elements can stabilize the spinel crystal structure and prevent the structural transformation from
causing large thermal stress caused by the structural transformation which leads to the cracking of the coating.

In the current study, the results of the mechanism of Y, La and Ce in Mn-Co spinel coatings are roughly the same, but
the mechanism of rare earth elements in Mn-Co spinel coatings lacks a clear understanding compared to Cu and Fe doped
Mn-Co spinel coatings. Therefore, the construction of the theoretical model of rare earth doping is still the focus of
research to be solved in the coming period of time. The mechanism of action of Cu and Fe doping in Mn-Co spinel
coatings and the effect of coating properties become clearer, but Cu and Fe doping can only solve the electrical
conductivity and coefficient of thermal expansion of the coatings, respectively. Therefore, the development of new
modification means or new coating preparation processes to simultaneously improve the electrical conductivity and
coefficient of thermal expansion matching of Mn-Co spinel coatings is also one of the difficulties to be overcome in the
research.

KEY WORDS: solid oxide fuel cells; Fe-Cr ferrite stainless steel; Mn-Co spinel coatings; modification mechanism;

conductivity; oxidation resistance
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52k oM

TKH, 4. SOFCs 43 )& AR MMM Mn-Co R AATIRIZUTF IR -3

U B PR T AR A T g 2 I R , R AR A%
AR Cr LR B FEAY Cr05 i A L=
BTG IR | G RLPERE T R AEE 2 I, TGk T A )
TAER SR, ST e LR, BTN DLE %)
Mn-Co R &A% )Z AT IR B IR LUE— 20 32 i i
JZ PR AR R G PR SRR RE . AN DS A T AR R
Mn-Co R AT IRIZ DTS HENE , 5 a3k T A FDCR
HPEXT Mn-Co 2R A1 TR R B2 S A LR, 2R
T4 IR Mn-Co 23 Fh A1 TR = BYBIESE J7 1]

1 Mn-Co R i S E

H i ik o5 i B )32 ) Mn-Co 2R & £ il XA
Mn; «CoxO4 (1< x<3 ), fiRZEMRER, WK 1. R
A A DU TR A 38 Co® (5 40 , /N T AR 37 o5 D[] Ak A7
FEF Co™* . Co’ . Mn™", LK Mn*" ™ i1 F Mn; o0,
(1< x <3) REhA B /NTHAERN S AR E 0 B
T, B H S EPLE T Mo /Ml Co*'/Co*
FL X 22 ) A FE R ER R AT 22 ST B %
i 33 X Mn-Co 22 i A /N HARNL S B 2 2 M B ILE Cu
SR K i L E X R B DA — 2P e L R [R]A
7R F B, Mn-Co 2 A N AL s T R Z AN 2
ZEFRR, R A BA B K RZ%4( Coefficient
of Thermal Expansion, CTE ) 2%, At if o] 38 1 %\
AL S5 B 2 B R M 25 Fe? MU Co®*, LU/
IR S50 2 A 25 25, AT R I 2R 5 A 1)
CTE. BRItz 4h, AWM iR, Wi tooRiEid
A O 3B 728 e R s N P i Cr05 3 U LR
AR HCRIRAL, WRZPUEMERE T Rt AT R A
E2 P

9 o
@
Jd oa Ooo ” Tetrse;{l:dral
\; 9 f
=9 ¥ R
" ) - JQO .;Q Octahedral
@ Q Lo site
o %9

QD O @ Cco* @ Co¥/Co*/Mn*/Mn*

E[ 1 Mn37xcoxo4 ( 1< X <3 ) Eﬁl{dgé%*@%%?lg
Fig.1 Schematic diagram of the crystal structure
of Mn;_4Co,04 (1< X <3)

2 ®ImTEBZEX Mn-Co RBEASE
=3 0pAn)

WFoE B, AT 7E R R RN E B R a2
BTt (Y., Ce. La, VUK Hf %) siind

i H A SR e IR e AR R TR AA L
P, INIIRIR G SR A2 1 e 2 R 25 A e,
BT A A Y B O SOR, RN DLE S A
Mn-Co REHAIRIZ B AM L LR & IRIZ TR
PERE . RHIPERE, DIRASBERE.

2.1 Y %3 Mn-Co R BARERI N

GAVRILOV %P1 it i s Wk 514 7243 BIHE Crofer
22APU F1 AISI430 JEARFE I H £ T Y 421 Mn-Co
RBAWE, MRT Y BAXRZEI AR T
HPERER R . EALIR R, 78 Mn-Co 2R M AR
Erasm Y G865 E AL SR AR, B
BEE Y S Bk 2P a bz 325, AISI430
Fl Crofer 22APU iU (9 48 fb 3 22 23 S BEAIR T 96% 11
88%ZEH (4nF 2 B/ ). Y 824 AISI430 )2
AJ ASR ( Area Square Resistance, ASR ) [L R BZLIEE
REERY ASR MK 30%, TMivR)ZM T PERE W &L .
THAHEEM %51 F 22 [0 [ il 125 76 SUS441 R4 3
RFMHIE T Cu fY HIBAR1 Mn, 35C0; 35Cu0,2Y 0,104

(MCCuY ) )2, WA MCCuY RJZiLFHE ASR
{2k Mn, sCo; s04( MCO ¥k 2 FE ASR 1Y 1/8 /247,
- HAE 650 ‘CF%AL 1 000 h DA FidAE ASR K &AM
BT, RMBEFRETE. b, KRR
W1, MCCuY WR)ZEAEEZ A KR MCO TR
JERFER) 1710, HAAL PSS IH 3G . XIN 4EP4S)
FKHRMAMRBREHE ARG SRR T ZE
Crofer 22 APU FAAFR M H1 45 T MnyoY,,1C0.04 1R JZ,
MR FEWE, FELRHERZE 800°CH 7~10 WMIEI H.
£k 538 h DL bpymiRAmilE, WwERAE ASR
<4 mQ-em®, X BALTIHZIAFER ASR, £
Mng oY o, C0.0, ZHA LMY TR PERE RS IR e M

% 2 Crofer 22 APU #1 AISI 430 RERE Y B#EH
Mn-Co RBEREBRFENLEREH 4™

Tab.2 Oxidation rate constant kg of Mn-Co spinel coatin(];

with different Y contents on Crofer 22 APU and Al S| 4301

Alloys Coatings kg/(g2~cm’4~s’1) Kgo/Kg

Uncoated 5.6x 107" 1
MCO 1.3x10™ 43

Crofer 22 APU  MYCO001 1.0x 107 5.1
MYCOO01 83 x 1071 6.7
MYCO 6.5x 107" 8.6
Uncoated 6.4 x 107" 1

AISI430 MCO 9.3 x 107" 6.9
MYCO 23 %1077 27.8

MCO. MYCO, MYCOO01 LK MYCO001 JFF E 43 /3 5h
Mn:Co=1:2, Mn:Co:Y=1:2:0.1, Mn: Co:Y=1:2:0.01,
Mn : Co:Y=1:2:0.001

2.2 LaBZXt Mn-Co REREEHEIN
GUO %P7 430SS SRR R HI4G T La B0
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