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(c) Mechanically mixed graphite pore-former
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(d) Cross-sectional morphology of spray-granulated
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Surface morphology of powders and cross-sectional morphology of graphite-added agglomerates
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Table 1 Parameters of plasma sprayed MS-SOFC functional layer

Parameter Plasma arc power/kW Flow rate of Ar/(L-min"") Flow rate of Hy/(L'min"") Spraying distance/mm
Anode 35 45 5 70
Electrolyte 75 150 8 130
Cathode 14 40 3 100
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(c) Morphology image of reduced C3 anode

(f) High-magnification morphology image of
the reduced C3 anode
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Fig. 2 Cross-section morphology of the reduced anode and high-magnification morphology images
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(b) Three-dimensional morphology
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(c) Three-dimensional morphology
of the C3 anode

3 PHAR 3% T AL RS P R AL

Fig. 3 Surface roughness characterization of anode
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(d) Comparison of OCV and power density at 600-750 ‘C

4 FETAFBIRERZH MS-SOFC 7 600~750 “C [ FF % HL R Al ) T % %5 i
Fig. 4 OCV and output power density of MS-SOFCs with different anode coatings at 600-750 'C
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(c) EIS curves of C3
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Fig. 5 Electrochemical impedance spectroscopy (EIS) curves of MS-SOFC based on different anode coatings
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Fig. 6 EIS original curves, fitting curves and the equivalent
circuit at 700 ‘C
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Table 2 EIS fitting values of MS-SOFC at 700 C

Cell R/(Qem®) R/(Qem®)  Ry/(Q-em?®) Rp/(Qem?®) Actual Rp/(Q-cm?)

Cl1 0.208 0.142 0.118 0.259 0.255
C2 0.220 0.107 0.120 0.227 0.227
C3 0.245 0.115 0.143 0.258 0.258

FHECZ R, ARSI HLRE Ry W 5 22 R A% JoT 3 AIE P 3=
S, C1 F1 C2 1) Ry AHIE, AHJE LI FEAAHFE .
C1 [MZGUmIE A Y Wl TE R 40, S AL
AMAFAEAEY 5, A B B PRI 1Y) Knudsen 3778
BN, BAR. IR K. R
N AR BRRMETE, FEHAEMSE
RS AR B TE T AR A PR, AT I 55 8 A A% I A%
ROSUH 2 T, C2 M =4l fL A MR R K
mhm R ia, SRR DA SOy E A BA
Jr A% o BEL e s, AFL G R KRG A5 T T AR B
ML AR KA R AR EC Y Wk, ¢ 5
C2 fEM KT T N 7 5 A 80 AT AR = 5 T
TE R FLAME ARG 20 B R BT, T
RIUANAIE Ry

SR, C2 % YERE AR BB1F 2132 T, MRAJER
TETELH OCV S5 EH) Ry, FEFHGE 7 A%

Ji 5 AT R O A SR I I 2 . AL Z T, C3 R
HEE Ry B SAHBMEMT R, C3 fF1EKR
BARNSTALI, SENi 5 GDC M LA e 2%
L) S S AL BN, KRSHFLBE 4 T
TETEYD R B A AT A (a], 849 B AR R Tk = 2 W 1 I
IEAE R RS HE IR IR B S5 A B A, B RIS R Ak
NN 1R, AR EUN Ry A8 5 T,
XFEG C2 A1 C3 (M RE 22 7m0, A S FLRI s n
TR (R & B R S HUMIR A 5 2 5200 BH AR AR AT AR £k
I RH, BT R ) 2 T O PR/ A 5 A1 SR Bl R A
Ko L, AREHTH MS-SOFC BRI BE M) fE A
IAET LB EA G, fE TR, Edtt
AR i M FH P 285 1) SE HE R S o

R b, S PR R RS R S LR T AR
PORHE BRI Z WA R ST, 3K R BT AR
FrBRAR AT B, AT SR T E b P REROL. SR
M, ARTAEMLEREKH, WA saiEFL7R B m
T BH AR F TR RE B, 0 A R B AL AR R A
TARFEm, S8 oCcV RIS R FE. H7H
PURLT Cl. C2. C3 BHMN 2 T Y H A o o T 30
Y BT UL 8% ) = 3 1) FEL R T A S R P 2 B R
W, XVAE T AR S5 14 . APS i B [
R I 2E HARE H -

1) PEARAERE SR TH 51 % 1) FE AR I 4 T e R AN 34
H AR 2 Th AR AR AR, R P A8 o UL 5 R I X
WRES-FRINE R, MUGTERRTEEZER,
T TR X5 98 X PRI vA WA A 1l 2R AN [0 T 7 A R Y
PR T E T A el Y, R AL IR R
JREIBEREIRE, A& OCV PR EEHAZ —.,

2) BAM KR STFLBR S BB s E 5 B ok
o ABAMATAE R ST FLBRET, 5020 4/ ik e
fif JFURL T 1] BEVB I HE AR FLBR Y, 3 Bl F AR O 2 )
AR, FEIE OCV. HFLBR N THIEM K, MR
KL 515 2 BT A LR PR AR 53 2783, B
SR LR B T T R R s ED,

3) BAARECE BEA LS K SN T APS
il £ FLAR 0T 2 2 4 T O A A AR, BE AR 30 B
ERBBRKR AN ES . BUEXRTEE,
YURTF EF MR A . ek, Mg
X G RAL, BMFRA IR, g N, —HIK
Ui AEHR TR Z NS B VIR /), mA&FHR
PR B e BT,

R R ILFE R T AR ECR R, FEUR
kLSS AT RE R AEAE XBIE, &R OCV R



.+ 1366 - CREFR Eh22 4D

J Chin Ceram Soc, 2026, 54(4): 1359-1369

2026 4F

I BALSORIFLIRA N T % T S, JAR R,
SR 21, S AR SR T F P AR

(o i T AR 2, S BRI A SR B B Ay
BEARREFS BIIRTT .

T S

reo s S Yemv T /4 Py \' s J 58 st - Bl N L e - i
it e aedd B OSSP ST

35

ScSZ

. Y
) e ‘,; L -'\"'.";-:"‘,\ , Cisd
ENEGIC S lopm LT
o5 SR e 4«00 —

(a) Electrolyte morphology deposited
on the C1 anode

(b) Electrolyte morphology deposited
on the C2 anode

P -
L 4 X ¥
: 1
S ’ o
GRS
(10 pm : 10 pm
—_ | S

(c) Electrolyte morphology deposited
on the C3 anode

K7 e it Ik ) R AR RO T 3
Fig. 7 Microscopic morphology of electrolyte after single cell test

A1 5 2 TR HEL K 32 T A5 28050 FEL AR T A
RAT N, MR LB, SRix— %
S 5 S P AR O 0 5 O W — AR O 5 A ST
(2 2B, Guo ZCSUE I AT S Ab F (G 7 P AR 3 T
HURERE, W53 o R IR I S0 b, (BRI
B 5L T PR T (75 M 454, f# Ni 5 GDC
MAONET AR, SECINR S R N R &
P> . R BRI B VRIS LR T, 408 i %
il SR T R Ry K, B A LV B A P i R T
HET FIRAT, 1E S S T AT I £ R A R
O A A 45 R TR B, TR SR F R o B0
RN, CREE PR S AR B T4 A R R, AT
AR AT AL R L. s, 75 RSB AR AL B R A 34 1
WEEHE, F R AH/NE ST LR A S TPB, LAKE
B S ST B S A R . I ST R RS
5 N R T R AL, A Bt — B T+ MS-SOFC
%A P e

3 i

ATAEEEAE NiO-GDC ¥y K 5] N B
A, ARG TR R KA UIR A 2 Fhds i
Xt APS il % [ MS-SOFC [ AR ARV 25 #4) % Ha b 2
PEREMIRZ I . 255K, WES kAR SR STk
A NiO-GDC, JEE & B REEM, M TEFHAR 14
HREE T D ARHAIFLBR A . T HLRIE A
O S BEE, B 5 um AR SFFLIRE, B
NiO-GDC T HL W 28 [y 2k o 55 AR NI A 28 11 FE AR
FHEE, SIANAEA B TEEE Nio F1 GDC BUkL i) 4y
B SCERHRE R R R AT A . EIS AR
BH, A RIRE BE IR 803t T A SR T BE AR 1 HL A R RS e

71, WEEBACEARE R . B4, A SEREINER
Xof LRI (1) FL B 5 400 R S BTG PR A s LA S B A 4% 4
FH s 3T 5 M SR BRI R B/ 2 i . R
W% 55 185 R T IR 3] — FLEE M AR FEIAR I Rys TIHLARK
TRA 5 B LI 35 Y IR ARAR AL HELBHL R,

FAR, AN 58 1) A F it 2 I e P8 11 P
“EEHIPERE, 750 CHF, OCV N 1.006 V, WAt %t
AR 957 mWeem 2. AHELZ T, WINA 21
R R R BI5E T, FEZ R T HEBMKE ocv
R BRI L BE Roo 3BT R, A 551 5] AR
T FHAR R AR AR S5 4, S50 | APS HLfE T
iR s, BRI 1) ASmRamr-Emn
CO, ST H I 38 KT FHARR THRLRS B Ra(53 30 M
6.64. 7.06 um 1 7.66 um), S8 AR UTRA M
HOIR RS 22 57 2) BHAROR RS FLRR A0 20 4t /I fik
FLAAURL TR AL T2 IE 0, R R &
PERAL: 3) BHBRECH B4 A A0 T 5T 4 8
71, BERPCRRG =4 . X R R I [F S 8L
OCV [&AIK. R, by, I 1 A S50 BHAR AR A AT A
Frats RGBS o ARSI TAE W AL T [ AR R
Mot DAFEASER 9 15 T 45 AL I T4 T PERAICHL
RERE, (A P 5] BE AR RS O s ha tl ke, AR —
T MS-SOFC K% i LB

Sk

(1] ARAT, AREUAE, RIR, & BEREAPRR R HE AR R
JEDUR S JR 2], P E L TREZAKR, 2025, 45(10): 3877-3892.
DU Ke, LIN Kaisheng, SONG Chen, et al. Proc CSEE, 2025, 45(10):
3877-3892.

[2] WANGY Q, SHIJ X, GU X, et al. Toward mobility of solid oxide fuel
cells[J]. Prog Energy Combust Sci, 2024, 102: 101141.



25455 4 1

MIVE 55 )@ SCEE R AR SR HL It B AR S L % AL P e < 1367 -

3] AKER, R, ERR, & EEEDIRE R Fe-Cr & JE Sk
HEFCHERE[T]. #EFSIR, 2025, 39(20): 142-151.

ZHU Zhigang, SONG Chen, DONG Dongdong, et al. Mater Rep, 2025,
39(20): 142-151.

(4] wl, 28, R, 5 SR SCEE AR b EOR [T,
S35 RREUE, 2022(8): 1-24.

GAO Yuan, LI Zhi, LI Jiahong, et al. Integrated Intelligent Energy,
2022(8): 1-24.

[5] KUTERBEKOV K A, NIKONOV A V, BEKMYRZA K Z, et al.
Classification of solid oxide fuel cells[J]. Nanomaterials, 2022, 12(7):
1059.

[6] ANTUNES F C, DE OLIVEIRA J P J, DE ABREU R S, et al.
Reviewing metal supported solid oxide fuel cells for efficient electricity
generation with biofuels for mobility[J]. J Energy Chem, 2025, 103:
106-153.

[71 XU K, CHEN Z D, BAO C X, et al. Unravelling the oxidation
behaviors of porous stainless steel 430L substrate for metal-supported
solid oxide fuel cells[J]. Int J Hydrog Energy, 2024, 73: 577-589.

[8] UDOMSILP D, RECHBERGER J, NEUBAUER R, et al
Metal-supported solid oxide fuel cells with exceptionally high power
density for range extender systems[J]. Cell Rep Phys Sci, 2020, 1(6):
100072.

[91 METCALFE C, KESLER O. Influence of microstructure on
electrochemical performance of plasma sprayed Ni-YSZ anodes for
SOFCs[J]. Fuel Cells, 2020, 20(6): 730-740.

[I0O]NIEN S H, HSU C S, CHANG C L, et al. Preparation of
BaZrCep7Y 0205 s based solid oxide fuel cells with anode functional
layers by tape casting[J]. Fuel Cells, 2011, 11(2): 178-183.

[11] ZHOU 1J, LIU Q L, ZHANG L, et al. Influence of pore former on
electrochemical performance of fuel-electrode supported SOFCs
manufactured by aqueous-based tape-casting[J]. Energy, 2016, 115:
149-154.

[12] CIGDEM T, ONBILGIN S, TIMURKUTLUK B, et al. Effects of pore
former type on mechanical and electrochemical performance of anode
support microtubes in solid oxide fuel cells[J]. Int J Hydrog Energy,
2022,47(22): 11633-11643.

[13] DOGDIBEGOVIC E, CHENG Y, SHEN F Y, et al. Scaleup and
manufacturability of symmetric-structured metal-supported solid oxide
fuel cells[J]. J Power Sources, 2021, 489: 229439.

[14] AREN, RER, BHAMR, 55, By A KLAR S 45 88 7 Wk [ & A e s
b FL it BH B OV 55 44 2 Atk RE RO SE WA (). APRLEIT JE SRR, 2023,
17(2): 329-337.

ZHU Zhigang, SONG Chen, HU Yongjun, et al. Mater Res Appl, 2023,
17(2): 329-337.

[15] LIN J, LI H X, WANG W H, et al. Atmospheric plasma spraying to
fabricate metal-supported solid oxide fuel cells with open-channel
porous metal support[J]. ] Am Ceram Soc, 2023, 106(1): 68—78.

[16] YANG Y C, WANG P H, TSAI Y T, et al. Influences of feedstock and
plasma spraying parameters on the fabrication of tubular solid oxide
fuel cell anodes[J]. Ceram Int, 2018, 44(7): 7824-7830.

[17] NENNING A, BISCHOF C, FLEIG J, et al. The relation of
microstructure, materials properties and impedance of SOFC electrodes:
A case study of Ni/GDC anodes[J]. Energies, 2020, 13(4): 987.

[18] REDNYK A, MUSALEK R, TESAR T, et al. Liquid plasma spraying
of NiO-YSZ anode layers applicable for SOFC[J]. Mater Today
Commun, 2024, 38: 107855.

[19] ZHU Z G, NING H L, SONG C, et al. Effect of low plasma spraying
power on anode microstructure and performance for metal-supported
solid oxide fuel cells[J]. J Therm Spray Technol, 2024, 33(5):
1725-1735.

[20] SONG W C, MA Z K, YANG Y, et al. Characterization and
polarization DRT analysis of direct ethanol solid oxide fuel cells using
low fuel partial pressures[J]. Int J Hydrog Energy, 2020, 45(28):
14480-14490.

[21] BrFF, RER, ALAR, 5. JORLIR BT 46 B T W ik < Ja S 4% 70 [ 4
IR B B 5 1 J rp AL A PR RE I A D). APRHSR, 2022, 36(1H
FJ 1): 15-19.

CHEN Dan, SONG Chen, DU Ke, et al. Mater Rep, 2022, 36(Suppl 1):
15-19.

[22] YANG Y C, CHEN Y C. Influences of the processes on the
microstructures and properties of the plasma sprayed IT-SOFC anode[J].
J Eur Ceram Soc, 2011, 31(16): 3109-3118.

(23] LA, RER, R, 5. [ A E AR it AL A0 A 2 AL F
iR IR A S8 TR ] % A MR RE (9], RE R #h R, 2022, 50(7):
1929-1935.

DU Ke, SONG Chen, YU Min, et al. J] Chin Ceram Soc, 2022, 50(7):
1929-1935.

[24] DU X H, SONG C, DU K, et al. High-energy atmospheric plasma
spraying: A novel approach for fabricating dense electrolytes in
metal-supported solid oxide fuel cells[J]. Ceram Int, 2025, 51(19):
27190-27198.

[25] OKSUZOMER M A F, DONMEZ G, SARIBOGA V, et al.

Microstructure and ionic conductivity properties of gadolinia doped

ceria (Gd,Ce_,O.») electrolytes for intermediate temperature SOFCs
prepared by the polyol method[J]. Ceram Int, 2013, 39(7): 7305-7315.

[26] BASTAKYS L, MARCINAUSKAS L, MILIESKA M, et al

Cr,03-Si0,-TiO,  and
Cr,0;-Si0,-TiO,-graphite coatings deposited by atmospheric plasma
spraying[J]. Coatings, 2023, 13(2): 408.

[27] LV H P, HUANG Z Z, ZHANG G J, et al. A new design of metal
supported micro-tubular solid oxide fuel cell with sandwich structure[J].
Int J Hydrog Energy, 2022, 47(78): 33420-33428.

[28] GAO J T, LI J H, WANG Y P, et al. Self-sealing metal-supported
SOFC fabricated by plasma spraying and its performance under
unbalanced gas pressure[J]. J Therm Spray Technol, 2020, 29(8):
2001-2011.

[29] JIANG S P, CHAN S H. A review of anode materials development in
solid oxide fuel cells[J]. J Mater Sci, 2004, 39(14): 4405-4439.

[30] &V, mi/Lik, wlE, 5. BHBRAES X 55 7 ik 4R 304 SOFC
R EEL L P E ) RE R BT 5 0], PRI R, 2022, 14(1): 28-37.

FU Tao, GAO Jiutao, GAO Yuan, et al. Therm Spray Technol, 2022,
14(1): 28-37.

[BIINIU Y H, LV W Q, RAO G F, et al. A critical look into effects of
electrode pore morphology in solid oxide fuel cells[J]. AIChE J, 2017,
63(6): 2312-2317.

[32] YAMAZAKI K, KISHIMOTO M, IWAI H. Three-dimensional

Tribological ~ properties  of  Cr,0s3,

numerical simulation of counter gas transport in porous anodes of solid
oxide fuel cells[J]. J Power Sources, 2025, 627: 235766.

[33] TIMURKUTLUK C, ONBILGIN S, YILDIRIM F, et al. The role of
pore former type on the performance of anode functional layer in
microtubular solid oxide fuel cells[J]. Int J Hydrog Energy, 2025, 142:
886-895.



+ 1368 - CRERR R 2540 J Chin Ceram Soc, 2026, 54(4): 13591369 2026 4

[34] FONDARD J, BERTRAND P, BILLARD A, et al. Manufacturing and surface structure on metal-supported SOFC performance[J]. Ceram Int,
testing of a metal supported Ni-YSZ/YSZ/La,NiO, IT-SOFC synthesized by 2025, 51(6): 7495-7501.
physical surface deposition processes[J]. Solid State Ion, 2017, 310: 10-23.
[35] ONUKI S, IGUCHI F, SHIMIZU M, et al. Influence of small defects 1EZRmkA AR
produced in electrolytes during manufacturing processes on operated REE: PRI B SCHESE . BITIR
SOFCs[J]. Meet Abstr, 2015, MA2015-03(1): 307. X BT S SCHESE . BT
[36] BT, fFHH5E, 2R, . ThRERR LR AR B A S IR it WYL 26IKE. 358080 5k s,
IR FTHE AU FT[I]. ToHLA R, 2024, 39(11): 1189-1196. RER: 2HEE. 2585 510 0#RS;
XUE Dingxi, YI Bingyao, LI Guojun, et al. J Inorg Mater, 2024, 39(11): XAHE: ISR, S E5EIRHT;
1189-1196. SCHE: SRR 2 H T
[37] XIET M, LI T Y, HAO W Q, et al. Influence of interface morphology ER: EHBIBCHEL, BiTie;
on the thermal stress distribution of SOFC under inhomogeneous N SEEILSCHEZR, BT830
temperature field[J]. Energies, 2023, 16(21): 7349. Mg e SCHEL, BTG
[38] GUO Y, SONG C, LIU T K, et al. Effect of plasma sprayed anode XBFH: eI CHELE, EITI8 3.

Pore-Forming and Electrochemical Performance of Anodes for Metal-Supported
Solid Oxide Fuel Cells

LIN Kaisheng', ZHU Zhigang'*, SONG Chen', LIU Taikai', WEN Kui', MAO Jie', ZHANG Xiaofeng',
DENG Changguang', DENG Chunming', LIU Min'"

(1. Institute of New Materials, Guangdong Academy of Sciences; National Engineering Laboratory of Modern Materials Surface
Engineering Technology; Guangdong Provincial Key Laboratory of Modern Surface Engineering Technology; Guangdong-Hong
Kong Joint Laboratory of Modern Surface Engineering Technology, Guangzhou 510650, China; 2. School of Materials Science and
Engineering, State Key Laboratory of Luminescent Materials and Devices, South China University of Technology, Guangzhou
510641, China)

Extended Abstract

Introduction Solid oxide fuel cells (SOFCs) are high-efficient solid-state energy conversion devices. However, all-ceramic
self-supported SOFCs face several challenges such as high brittleness, difficulty in mechanical processing, poor thermal shock
resistance, and limited weldability, which result in high manufacturing costs and restrict the applications in mobile power systems. In
contrast, metal-supported SOFCs (MS-SOFCs) with metal materials as the external structural support, exhibit remarkable mechanical
strength, low cost, and rapid start-up capability, making it highly promising for mobile applications. The anode is a critical component
of MS-SOFCs, serving as the site where fuel oxidation occurs to generate electrons. Its microstructure significantly influences the
density and effectiveness of the triple-phase boundaries (TPB), where the gas phase, the ionic phase, and the electronic phase intersect.
The TPB density largely determines the polarization resistance, with its low-frequency component being inversely related to anode
gas diffusion. A common strategy to enhance gas transport is the incorporation of pore-formers, such as graphite, into the anode raw
materials. Most studies focus on the type, particle size, and content of pore-formers, which directly affect the pores number, size, and
distribution. In this work, atmospheric plasma spraying (APS) was employed to fabricate three types of anodes and corresponding
cells. APS reduces thermal input to the metal substrate, effectively preventing oxidation, deformation, and elemental interdiffusion
between the metal support and the anode at high temperatures. This study systematically investigates the influence of graphite
incorporation methods on the microstructural evolution of the anode and the resulting cell performance, providing important
theoretical insights into the operational mechanisms of SOFC anodes.

Methods Porous 430L stainless steel substrates were used as supports. Three different NiO-GDC (Gd,,Ce( 30, 9) anode powders
were prepared. Cl1 is the baseline without a pore-former. C2 contains 40% (in volume fraction) graphite, which is mixed by spray
granulation process to produce composite particles. C3 is made by mechanically mixing 40% of the same graphite with C1 powder.
All powders are spherical with good fluidity. Anode layers were deposited via APS. Subsequently, the C2 and C3 anodes were
heat-treated in air to remove the graphite pore-former at 750 ‘C for 2 h. A ScSZ (Sc,03-ZrO,) electrolyte and an LSCF
(LagS1r94Cog,Feg303_5) cathode were subsequently deposited by APS to build single cells. The microstructure and porosity of the
anodes were characterized using scanning electron microscopy (SEM) and image analysis software. The surface roughness was
measured by profilometer. The electrochemical performance, including the open-circuit voltage (OCV), current—voltage—power
(I-V-P) and electrochemical impedance spectroscopy (EIS), were evaluated in the range of 600-750 ‘C using humidified H, as fuel
and air as oxidant. The equivalent circuit fitting of EIS data is carried out to quantitatively analyze the contribution of charge transfer,
surface adsorption/dissociation and gas diffusion in polarization impedance.



o5 54 B 4 3 MIVE 55 )@ SCEE R AR SR HL It B AR S L % AL P e < 1369 -

Results and discussion The incorporation of graphite pore-former significantly modified the pore size distribution and total
porosity within the anodes. The measured porosity of C1, C2, and C3 was 26%+2%, 37%+3.1%, and 42%+2.3%, respectively. The
C1 anode featured a relatively dense structure with uniformly distributed pores, which primarily consisted of submicron cracks and
fine pores originating from the thermal stress inherent to the APS process. In contrast, the C2 anode showed a notable increase in both
the number and size of pores, which were homogeneously dispersed without significant agglomeration. The C3 anode, however,
contained a substantial amount of large pores, mostly ~5 um in diameter, attributed to the agglomeration of graphite particles during
mechanical mixing, resulting in coarse and irregular pore structures after heat treatment. Furthermore, the addition of graphite
modified the thermal response characteristics of the agglomerated powder during the spraying process, promoting the formation of a
more uniformly melted microstructure in the anode layer. The average surface roughness (R,) values for C1, C2, and C3 were 6.64,
7.06 nm, and 7.66 pum, respectively, indicating that graphite addition increased anode surface roughness. This phenomenon is due to
the thermal decomposition of graphite during the plasma spraying process, where high temperatures cause partial oxidation of
graphite in the open atmosphere, thereby generating CO, gas. The release of this gas from the incompletely solidified anode surface
etches irregular pits and protrusions, ultimately leading to increased surface roughness. The cell without graphite pore-former (C1)
consistently demonstrated the highest OCV and maximum power density, reaching 1.0 V and 957 mW-cm ™~ at 750 °C, respectively.
EIS analysis revealed that the anodes with graphite pore-former (C2 and C3) exhibited improved charge transfer capability, thereby
reducing the high-frequency polarization resistance. Despite this, the overall output performance of C2 and C3 did not show effective
enhancement, which is attributed to their increased ohmic resistance (R,) and lower OCV. The elevated surface roughness and
inherent porosity in the C2 and C3 anodes adversely affected the quality of the subsequently sprayed electrolyte layer, introducing
microcracks and gas permeation pathways. This resulted in increased R, and reduced OCV, ultimately weakening the benefits gained
from the reduced polarization resistance.

Conclusions The method of graphite pore-former addition significantly affects the anode microstructure and overall cell
performance. Compared with mechanical mixing, spray granulation produces a superior and uniform pore structure. However,
contrary to conventional expectation, the introduction of graphite pore-forming agent into the APS anode reduces overall cell
performance due to induced electrolyte defects, which elevated R, and lowered OCV. Future optimization should focus on strategies
to reduce anode surface roughness and refine pore structure without affecting the quality of electrolyte deposition. It is anticipated that
this will further enhance the output performance of MS-SOFCs.

Keywords anode; graphite pore-former; atmospheric plasma spraying; metal-supported solid oxide fuel cells; electrochemical
performance



