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Optimization of the thermal conversion process for Mn-Co coatings
prepared on the surface of SUS430 interconnects

Tao Yanjun, Liang Sikai, Wang Wengiong, Xu Chengijie, Wang Zhiyuan
(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: To address the high-temperature oxidation issue of SUS430 interconnects for solid oxide fuel
cell (SOFC), the electrophoretic deposition to fabricate an Mn-Co spinel coating was employed, and key
process parameters including annealing temperature, holding time, heating rate, and atmosphere were
optimized. The experimental results demonstrate that the optimized two-step thermal conversion process
(holding for 2 h at 1 050 °C in N, atmosphere, followed by heating at 2 “C/min to 825 °C and holding
for 2 h in air) yields a high-performance coating. The coating exhibits remarkable oxidation resistance,
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with an oxidation rate constant (2.441 4x10 % g

g -cm

“*-s"") which is one order of magnitude lower than

that of the blank specimen after 400 h high-temperature oxidation. Furthermore, the Mn-Co spinel

coating has a Cr content (mass fraction of 7.06%) significantly lower than that in the blank specimen

(mass fraction of 44.92%). This coating can effectively suppress the volatilization and diffusion of Cr.

Keywords: electrophoretic deposition; thermal conversion process; Mn-Co spinel coating; oxidation

rate; chromium-blocking capability
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R 1 SUS430 REMILFR 5
Tab.1 Chemical composition of SUS430 stainless steel
%

C Si Mn S P Cr Ni Fe

0.12 0.75 1.00 0.03 0.04 16.20 0.60 Aht
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Fig.1 Schematic diagram of electrophoretic deposition device
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K A F W B ( scanning electron
microscope, SEM) X HL UK TR J5 S 0% Ak I 1 o
J2 3R T B R AR T AT USRS, R FH B A £ O Y
(‘energy dispersive X-ray spectrometer, EDS) X} /it JZ
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(c) XRDi A

2 BHAUAKRUTZT Mn-Co RRBEIR/E SEM B, EDS 45 K XRD & E
Fig.2 SEM images, EDS analysis results and XRD pattern of Mn-Co spinel coating prepared by single-step oxidative thermal

conversion process
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Fig.3 SEM images and XRD patterns of Mn-Co spinel coatings at three thermal conversion temperatures
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(a) SEMIA

B4 RERESEHN Mn-Co RFERRER SEM EF1 XRD & E
Fig. 4 SEM image and XRD pattern of Mn-Co spinel coating prepared by the two-stage method
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Fig. 5 SEM images of Mn-Co spinel coatings at different oxidation temperatures in thermal conversion process
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Bl6 Mn-CokBAKEEFARREFUANEEFH XRD EE
Fig. 6 XRD patterns of Mn-Co spinel coatings under different

thermal conversion oxidation temperatures
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Fig. 8 XRD patterns of Mn-Co spinel coatings under different
holding times

(b)2h

B 7 FE#HELSAHET Mn-Co RERKREH SEM E
Fig.7 SEM images of Mn-Co spinel coatings at different oxidation times in thermal conversion process
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Fig. 14 Oxidation behavior of blank and Mn-Co spinel coatings in the oxidation process



482 o B TR 2 2 R

2026 4 5 48 &

55T Mn-Co ‘RimfAIR)Z. 56501, 7E 100~400 h
SAALIX ], Mn-Co 43 A1 2 R AR F5 A Ik 48 Ak
R, AT BT, RS Rk E e
B A A5 AR T R, B R T AR
AL RE

A A F12F AT A AN 14(b) FroR o P FR
FERY (Am/AY 5z R R IFLEC R, IESE
T IR E AT N TE G AR N 2 A AL I
LA B RPRXT R ky, 7E 800 °C /& i A1k 41
T, EHIEAES Mn-Co R A IRIZER k, 739 4
3.7771x10 ', 2.4414x10 7 g em s ', S5 HEHT
BT AR, RIZRGARZEES
oS5 1 i A AR o

4 &

A SR R UK TURRE R TE SUS430 AR M
il % T Mn-Co 4R i 1 12 )2, 1l 3 % 3Gk fb T
2o BRI TR B | SEA T IR R R SR AR ]
FESZHONRZIE L B, #E T AFER
BOAIVEAL T ZSHGER, L8 TIRZME A0
MES8E . T 2MmAs g fnr s, vk
JESEHE 1050 °C 1 N, SR ORI 2 h, FHAE 825 C
ARG AEAL 2 b, AT RO T g R AR E
RAFRMA RS,

A AL SR A R R, R A RIEEAL
R, FLBRREAL, SRR ST5
HHFNE %, BEA LR APUE b TERE, AR
T Cr Y. EDS Mg R A B, IRBEAR M
AORIZR) Cr 2 50 7.06%, 8T 25 Hik
FEY) 44.92%, on it RAFABH Cr &) . SUS430
AN B2 IR LR A ) 1 3R R g e 1 AR T
EIE, (HREE SRR A AE K, A T R
REWHE T FF4., Mn-Co 421152 1E 400 h Ak
SR, REESR MM WA E, BZEE
L) 8 um, k, A 2.4414x10 7 glem s, B
FHARERRIR T 20 1 NGRS, RIS PR
feEE .

S 3K

[1] Jiang L L, Xue D, Wei Z X, et al. Coal decarbonization: a
state-of-the-art review of enhanced hydrogen production in
underground coal gasification[J]. Energy Reviews, 2022,
1(1): 100004.

[2] 3k DA, HLBKITEL (Mn, Co);0, ¥k JZ il £ J H AR B
5% [D]. BHH: BRBHEE T R2%, 2013.

(3] A5, [T A S AL I RRE L Tt TR e AR R S A A =
L LA R RO [D]. 2RI A B K, 2010.

(4] KM, [ AL DI RRL L T % e R P S BRI 9 S5 0
BTt [D]. M /RIE: MG /RTE Tl K27, 2013.

[5] Qiu Y Q, Zeng T, Zhang C Z, et al. Progress and
challenges in multi-stack fuel cell system for high power
applications: architecture and energy management[J].

Green Energy and Intelligent Transportation, 2023, 2(2):
100068.

(6] AFERE. FROBL R —— R . BOR . B A M) dbat: b
STl H AR, 2003.

[7JHu Y Z, Li D S, Guo H, et al. Recent progress of high-
performance interconnectors for SOFC: from materials,
protective coatings, optimizing strategies, towards the real
stack applications[J]. Chemical Engineering Journal, 2025,
505: 159321.

[8] Kniep D, Schewe S, Rudolphi M, et al. Hydrogen
permeation and embrittlement
SOEC/SOFC candidates[J].
Journal of Hydrogen Energy, 2025, 136: 843—851.

(9] Zhu J H, Chesson D A, Yu Y T. Review—(Mn, C0);0,-
based spinels for SOFC interconnect coating application[J].
Journal of the Electrochemical Society, 2021, 168(11):
114519.

[10] Wang B H, Wang T W, Yang T R, et al. Yttrium-doped

Mn, ,5Co; ,5Cuy 50,4 coating on SUS430 for enhanced

behavior of ferritic

interconnect International

SOFC interconnect performance and chromium poisoning
mitigation[J]. International Journal of Hydrogen Energy,
2025, 102: 505-512.

[11] Sabato A G, Molin S, Javed H, et al. In-situ Cu-doped
MnCo-spinel coatings for solid oxide cell interconnects
processed by electrophoretic deposition[J]. Ceramics
International, 2019, 45(15): 19148—-19157.

[12] Lee W, Lang M, Costa R, et al. Enhancing uniformity and
performance in solid oxide fuel cells with double symmetry
interconnect design[J]. 2025, 38l1:
125178.

[13] Zhu Y L, Wang J Q, Sun Y Y, et al. Prediction of transient

thermal stress distribution in SOFC based on coupled

Applied Energy,

computational fluid dynamics and thermodynamics
modeling[J]. International Communications in Heat and
Mass Transfer, 2025, 160: 108391.

[14] Zhao M S, Geng S J, Li H, et al. Effect of bias voltage on
the Cr migration in the thermally converted spinel from
sputtering Fe; sCoNi, 5 coating[J]. International Journal of
Hydrogen Energy, 2025, 128: 197-207.

[15] Dogdibegovic E, Ibanez S, Wallace A, et al. Performance

of stainless steel interconnects with (Mn, Co);04-Based


https://doi.org/10.1016/j.enrev.2022.100004
https://doi.org/10.1016/j.geits.2023.100068
https://doi.org/10.1016/j.cej.2025.159321
https://doi.org/10.1016/j.ijhydene.2024.03.337
https://doi.org/10.1016/j.ijhydene.2024.03.337
https://doi.org/10.1149/1945-7111/ac3a29
https://doi.org/10.1016/j.ijhydene.2025.01.104
https://doi.org/10.1016/j.ceramint.2019.06.161
https://doi.org/10.1016/j.ceramint.2019.06.161
https://doi.org/10.1016/j.apenergy.2024.125178
https://doi.org/10.1016/j.icheatmasstransfer.2024.108391
https://doi.org/10.1016/j.icheatmasstransfer.2024.108391
https://doi.org/10.1016/j.ijhydene.2025.04.256
https://doi.org/10.1016/j.ijhydene.2025.04.256

% 414

WEH, 55: SUS430 4R Mn-Co W2 il & i B b T2 Ak

483

[16]

[17]

[18]

[19]

[20]

[21]

[22]

coating for solid oxide electrolysis[J]. International Journal
of Hydrogen Energy, 2022, 47(58): 24279-24286.

Jin Y Q, Sheng J Q, Hao G Z, et al. Highly dense (Mn,
Co);0, spinel protective coating derived from Mn-Co
metal precursors for SOFC interconnect applications[J].
International Journal of Hydrogen Energy, 2022, 47(29):
13960—13968.

Mao J W, Wang E H, Dang H C, et al. Reactive magnetron
sputtered (Mn, Co);0, spinel coatings for superior element
diffusion suppression and conductivity in ferritic stainless-
steel interconnects of solid oxide fuel cells[J]. Surface and
Coatings Technology, 2025, 498: 131829.

ZEMERy. S5 TR B4 (Co, Mn);0, R i A IR 2 K
LS S A PEREIIST [D]. R RIGRHE K2, 2019.
Brylewski T, Molin S, Marczynski M, et al. Influence of
Gd deposition on the oxidation behavior and electrical
properties of a layered system consisting of Crofer 22 APU
and MnCo,0, spinel[J]. International Journal of Hydrogen
Energy, 2021, 46(9): 6775-6791.

Jing S P, Chen X B. Chromium deposition and poisoning
of cathodes of solid oxide fuel cells-a review[J].
International Journal of Hydrogen Energy, 2014, 39(1):
505-531.

Zhang H, Zhan Z L, Liu X B. Electrophoretic deposition of
(Mn, Co);0, spinel coating for solid oxide fuel cell
interconnects[J]. Journal of Power Sources, 2011, 196(19):
8041-8047.

Wang B H, Li K Y, Liu J, et al. Achieving high-
temperature corrosion resistance and conductivity of

(23]

[24]

[25]

[26]

[27]

(28]

SUS430 by xCr-MnCo  dual-structured
Corrosion Science, 2023, 220: 111267.

Sabato A G, Zanchi E, Molin S, et al. Mn-Co spinel
coatings on Crofer 22 APU by electrophoretic deposition:

coating[J].

up scaling, performance in SOFC stack at 850 °C and
compositional modifications[J]. Journal of the European
Ceramic Society, 2021, 41(8): 4496—4504.

Liu T, Tao Y K, Song H H, et al. Degradation mechanisms
and protective coatings for ferritic stainless-steel
interconnects of solid oxide fuel cells: a review[J].
Materials Today Communications, 2024, 41: 110802.
S, R, AR, S A A A HR La 35
7% Mn-Co 2R &A1 I J2 B 25 SAERETFOT (7], A4 RS,
2023, 56(11): 69-76.

Acharya N, Sagar R. CoMn,O,; and Cuj;sCoysMn,0,
spinels as efficient protective coating layers on SUS430 for
SOFC interconnect[J]. 2023,
49(17): 29164—-29173.

Molin S, Jasinski P, Mikkelsen L, et al. Low temperature

processed MnCo,0, and MnCo, gFe;,0, as effective

Ceramics International,

protective coatings for solid oxide fuel cell interconnects at
750 °C[J]. Journal of Power Sources, 2016, 336: 408—418.

Bednarz M, Molin S, Bobruk M, et al. High-temperature
oxidation of the Crofer 22 H ferritic with
Mn, 45Co,; 45Feq 0, and Mn,; sCo; 5O, spinel coatings

steel

under thermal cycling conditions and its properties[J].
Materials Chemistry and Physics, 2019, 225: 227-238.

(k. EEFI])


https://doi.org/10.1016/j.ijhydene.2022.05.206
https://doi.org/10.1016/j.ijhydene.2022.05.206
https://doi.org/10.1016/j.ijhydene.2022.02.129
https://doi.org/10.1016/j.surfcoat.2025.131829
https://doi.org/10.1016/j.surfcoat.2025.131829
https://doi.org/10.1016/j.ijhydene.2020.11.169
https://doi.org/10.1016/j.ijhydene.2020.11.169
https://doi.org/10.1016/j.ijhydene.2013.10.042
https://doi.org/10.1016/j.jpowsour.2011.05.053
https://doi.org/10.1016/j.mtcomm.2024.110802
https://doi.org/10.16577/j.issn.1001-1560.2023.0265
https://doi.org/10.1016/j.ceramint.2023.06.197
https://doi.org/10.1016/j.jpowsour.2016.11.011
https://doi.org/10.1016/j.matchemphys.2018.12.090

	1 实验方法
	1.1 实验材料
	1.2 涂层制备
	1.2.1 实验装置
	1.2.2 电泳沉积工艺和热处理工艺

	1.3 分析测试方法
	1.3.1 材料表征方法
	1.3.2 涂层的高温氧化质量增量分析方法


	2 热转化工艺的结果与讨论
	2.1 单步直接氧化热转化机制
	2.2 两段法热转化工艺
	2.2.1 热转化还原温度对尖晶石结构演变的影响
	2.2.2 热转化氧化温度对尖晶石结构演变过程的影响
	2.2.3 热转化氧化时间对尖晶石涂层的影响
	2.2.4 氧化升温速率对尖晶石涂层的影响


	3 长期氧化实验研究
	3.1 涂层经高温氧化后的形貌及物相分析
	3.2 涂层阻Cr性能分析
	3.2.1 高温氧化条件下空白试样元素扩散行为分析
	3.2.2 高温氧化条件下Mn-Co尖晶石涂层元素扩散行为分析

	3.3 涂层的高温氧化质量增量分析

	4 结　论
	参考文献

