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Application and State-of-the-art of Electrode Microstructure
Evaluation in Solid Oxide Fuel Cell
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(Center for Fuel Cells, Huazhong University of Science and Technology, Wuhan 430074, Hubei, China)

Abstract: Electrode microstructure has an important impact on the performances of solid oxide fuel cell (SOFC), while the
microscopic information of the electrode can be obtained readily and intuitively by using image analysis method. The processes
of evaluating the electrode morphology and obtaining the electrode microscopic quantitative data based on the image analysis are
described and the common methods in the process of image acquisition and processing are summarized. The technologies,
including scanning electron microscope (SEM), X-ray tomography, optical microscope, gray threshold image segmentation and
three-dimensional reconstruction of electrode are highlighted. Finally, more methods that may be used in image analysis in the
future are discussed.
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1 FIB

Fig. 1 Schematic diagram of FIB-SEM setting, along
with a typical image of the anode section
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Fig. 2 2D radiographs of the anode imaged at 8300 eV (below the K-absorption edge of Ni) (a) and 8380 eV (above the
K-absorption edge of Ni) (b), the region with a strong contrast variation (red arrow) is Ni, the region with
a moderate grey level (green arrow) is YSZ phase and the brightest region (blue arrow) is pore
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Fig. 3 (a) Gray-value histogram of a Ni/YSZ cross-section and (b) separated individual phases
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(a) (b)
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(@) (b)

( )
Fig. 4 Threshold of 1300 °C SEM image: (a) cut of original
image and (b) cut of image with masks of selected area via
threshold (blue: manual threshold, red: automatic threshold)

WL AT |, T3 BE S % X
FERI W FLBRAE , G2 — et BVKEE(E N
0; ZJa, XFRIAY B WA R FH R #1741
TR BEE R, T LIFE MATLAB 28814 4
GREFITER, NTEIKEER 0 LB
g3, XEEME O] DL T3 B ah 45 A 1 07 58 = A
()53

bR T8 BB BIE D7 i, WA 1 2 Bk
RUPIWFGT, EHEBR MRS 52 e (1 5] i B 42 50 Wi 1%
(731 )22 B w5 TR A AR (GMM) POl
Nguyen A5 PG e 4 0] 249 31 3 iR A A A
(FRGMM)®, - [a] i th 41 % 38 26 3 vk b A7 e ok
BF9E T P C- 3 K E R (FFCM)P?, Fu
25 1333315 F Al v B R 2 OB i A 5 AP 3R
HE A% S fEL A S SR A B RS A 1 ' A A T R
h, WP E S AL EL(QSPYSI A, FIH &+ H
KA IE RN, SR R BEAL
(MRF)R#1T H W R KR, 78 SOFC AP
S0 AR EEUE T ORAR I ZE R kAl , AR B IR
145 2V B VR BE 2 > T T A G Ao 7510 400 3k A A B
SR TEE B9 7, A Azimi 25 0PCLR P 5 B 2 N 4%
XA SEM B 2 58 42 o vk FH K B B9 43 1
() R AT 3 T HRRAE B9 50 4081, R1g T R &
(1) 53 2%
1.2.3 KB A abH

EaEIERG, Banl LI EEH TR sm
oA AR AR, i RS S AL B TAE,
SRR B XS [A] B 7 2 R AT AR R TR 3% B
T Xy EE KRG TAMC S AL PSS, #E SOFC

HE AR UL T B R AT ) I A B R R 22 5k — 4
B G AT =4 R R E A

B AR PR = 2 A B DRCEE S, R H AR AR
JENTIRBUR R 1) e RS, HARE 4R RIR
B ZAT I B R R — 3, 20, X s T 4EE
BT S, FEEGRY RN EIER, AR
Tikay st B AR A Y — 2R
1.3

W EG S AR, R DU T AR R
BRI SO 5 Ee L BORRE AR /N
55 = S AR B A SR B TS B A

LB R AR B BB R R —, il
FHEMG BTk A7 FL IR 5 B e 45 A0 T 5 Ee il i
AWy fEE, HFE T E G AR R 4%
AHALHE R R (SRR MBS AR LB ED AT

AR IR IE 20 T B RS . X R
W R AR P Z R ERIE 24 B, B A
JUIR] A9 AR A, T 7 1 52 T 4% v AS i R AR 4L )
D5, AT WUk XY 5 1 A AR AR AR
%32[40] .

T4 LA Ni-Y SZ 42 J& B e AR 1) BIAR A T i
T BT AT, F AR P =R 0 B 1A S 5l 2 A W
it SRR I ME, JUHR TPB %, &M
i TPB 32 RN HL 5 H AR 25 40 1) T L4 A

PA Ni-YSZ FH% R ], =4 FEIJE Ni, YSZ
FFL BRAH AR 2 e i i L TR AT, 7E = e zs (el ep
M FI N —Sthd, 75— 4ERE FIE S IEt,
I, (R 4eE& 1T TPB % B TR AT,
HagdertEh A SRR He ], DL Ni AR R
FONERE, HS5REE 9 MER SRR,
Ni. YSZ FfLBR =ARBIAEALERT, Z s (Wl =
A S DT ERMG I Z J5, AT DA =
Sy R,

T SE BRI = AH 0 A5 45 A0 1 ok R Fngh &
ROCFERZA I, EURH = A0S 0% BEASRE SN
SEPRAY AL R, BARTETT R MR
J AT LA Ni R sk AR A T I
(EAUAE — ARG BT, KSR TR SRR
HERRAY TPB % (5 8 . Ft, X} TPB AHSCEdE 1Y
WHL, R FARGETM I =4 EUR

Iwai Z:P¥ FIB-SEM H R &M T Ni-YSZ FH
W = EG S, R T EAT A = R K
B 7 BB B s RSO v o IR ik 1k 2 4
WEHEEZEWSAHTEIER K, tLrh, A
HHEE, TPB LY BN AEE N EIRXEL,



- 876 -

2020 12

X IR TR R i, R R X g
DAL TPB b7l &, JrikmElie n ZanE
5 s HLE EARFRY R R R A TCRR /NG, 3RS
MR ELSE) TPB ko SO R 25 [l 3 HF 5T
WE /) TPB K EERBLS(EMAT TXT L, anl&l 5 ir
N, MEBDS TARIER EE R T 10 MEAR ML, %
J7 ¥R LIARAS & B 45

TR U 2 0L — 4 R R = A i A A
AR ERAE, MW =BG, = MHAELKAN
&R, MHMBUNMERE T = EEES, H
X FA 2 AR R R AN R, DU X PO AR 2R A
Rl BOit vl e o = AL 5, 25, DAk
RIEE =AMEREN LRSI = AE, %
LR BLOZ R R TPB KB, PP r
PAFEN TPB B K EZ M2 7/NT 3%,

Guan %UP8YEE H Nano-CT HAREM T
Ni-YSZ BHM i = 4R f5 , WRIFEz T AH<R
PR P A0 = AN AN Tw]AH B H T 366 o 0 BB FH AR 1)
AR S, R T BN TE T = 4EEG

5(a) (®)

WK 6 Fr~, AlLAEMA H TPB 78 A HH ) 43
TN

2 M ERAEFEALF AL

X R R OV SR PP A A, e B R A
RO AYPERE L, BIRTE A B BOME S 1 722 £k ey
M AL AP RE, BRI PR AR R R RE R IRk
fildn, LR AR RS, FLBTR Y
AR B W SRR R P sz gl TR I
IR =2 /i A T i (W S (3w N LE
AL, A BT s i A PERE . HAS B T3 A
PE LA SOV 1 = LI X 350, Zhang RS T
LSM HIB TS, 255 iR ) i o4, 3%
HA AT 200 = A I R A A e A BEL T Y R 2 A
. TPB fefiittiafrid bt A2k, fe
DL SR PR IAZ T 5 Ni BURL A RLAL , fF TPB I8
b, LAKOAT g SORLAE X O FLAE S AL, S
PRICHY B, S50 TPB MZRAL. Jiao % T%T it

TPB

Fig. 5 (a) Test geometry set for the validation, (b) comparison with the theoretical values at various space resolutions

6 (a) 1 (b)

2

Fig. 6 3D distribution of the anode TPB: (a) sample 1 and (b) sample 2
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