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Preparation and Performance of Hierarchical Scaffold Cathode for Low-Temperature Solid
Oxide Fuel Cells

WEI Fei', WANG Leying', LUO Linghong', ZHANG Shuangshuang', CHENG Liang?, XU Xu', YANG Lin®
(1. School of Materials Science and Engineering, Jingdezhen Ceramic University, Jingdezhen 333403, Jiangxi, China; 2. National
Engineering Research Center for Domestic & Building Ceramics, Jingdezhen Ceramic University, Jingdezhen 333001, Jiangxi,
China; 3. Jiangmen Polytechnic, Jiangmen 529090, Guangdong, China)

Abstract: In order to improve the electrochemical performance of cathodes for low-temperature solid oxide fuel cells, two kinds of
Lay 6S10.4C0¢,Fe) 50;_5/CeoGdy 10, s (LSCF/GDC) cathodes with a multifunctional hierarchical scaffold structure were prepared. The
microstructure and electrochemical properties of the cathodes were investigated. The results show that the GDC primary scaffold with
a porosity of 80.5% fully ensure the construction of LSCF or GDC secondary scaffold, subsequent loading and oxygen diffusion in
the working state. Based on the analyses of distribution of relaxation times for the electrochemical impedance spectra, the cathode
with LSCF nanoparticles as a secondary scaffold has a total polarization resistance of only 0.236Q-cm*at 600 °C due to the abundant
reactive sites and unobstructed electronic conduction, and the GDC nanoparticles loading promotes the adsorption/dissociation of
oxygen. The hierarchical scaffold cathode has a simple process and excellent oxygen reduction performance, which can promote the
further development of low-temperature solid oxide fuel cells.

Keywords: low-temperature solid oxide fuel cells; cathode; hierarchical scaffold; distribution of relaxation times
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Fig. 1 Schematic diagram of preparation process of hierarchical scaffolds
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(a) XRD patterns of GDC microrods

(c) Cross-section of scaffold structure
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(d) Top surface of scaffold structure
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Fig. 2 Characterization of GDC microds and its primary scaffold
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Fig. 3 SEM images of two hierarchical scaffolds and the corresponding cathodes and SEM images of the traditional cathode

RILOA R —E M s, SRS, Xt
HAL AR A A A B R ) — /N Bk . 1 3g AL 3h
JEH 58 Hyscr 1215 GDC i SRRV 22 1B 6% I T
S BARK R SEM M Fr, FLBR AR IE, A8 2 PR
(#1200, 600 nm), 7E GDC ¥JZ 522 LAF LSCF &
W B RF MBI 5 T GDC 99K ki (20~40 nm). A
I, M2 EXt, KA LSCF FukifE ik i 42
()20 H 58 Hysce, T BIARTE BAG R FHOCHIAH
FP 2 UE LB, CeO, HEA R G WK T ORR
RSP EAT - Sholklapper Z52 585 4215 Yo2Ceos010

(YDO)EHMiE &% LSM+YSZ ‘B4, AL
b LR IILE PO DX I AR A K BT B R e 2
s, Nie 28238 R B )7 2NAE LSCF #i %
() 2R TH 11 Smo2Cep 501055 (SDC), 7E 650 C
IS AR AL B BELAE A A 0.44 Q-cm®, AHELA A%
AIRBIT Y 1/20 10 R FH A% e B AR ] 46 1R 05 ok e it
Cell-T" (K 3i A1 3j), WEBAIFLERE D H R SHUE
200 nm, H4h, FURLZ E] %R S 0 FLIR FE
R, AFTFAAEYHG

X 3 PRk AR B T BA AR NI4T XRD R,



.« 1768 - CREFR Eh22 4D

J Chin Ceram Soc, 2023, 51(7): 1763-1772

2023 4F

SR NE 4 Fros, 3 MBANRE X STEAT IS RS
LSCF (JCPDS 89-5720)5 GDC (JCPDS 75-0161)]
Pt A Xt R, #78E] T LSCF/GDC B4 Mk, H
& 2 MIAH B SRAEAE ORI Z 51, XA R
Wil & T 208 AN [FI R TE SR BT i e - 4656 B
Pt —L M XRD i, R AL e BBk il £ 1 FR
il Cell-T", HBAME R LSCF 55 GDC Fkk ik
R 6:4 VRETTR,  FORLRSFBOR (L 31 A
Bl 35), [RItE 2 PR AT S i #c s, LSCF AHEE
B2 X T Cell-Hope, =2TEJZZH S Hope IR
LSCF iSRRI a5 23 24K LSCF 44K i
ki, Bic | GDC IRZE ZR I 7 X I & 3c Al
K 3d), A LSCF #1 GDC HH )47 5 06 58 FE A1 24 ;
TMX T Cell-Hyscr, HJ52HRBIBRFEAS R T GDC 44
Kk, 215178 15 T GDC Wi 22 L J LSCF k2
B 3g AEl 3h), [tk GDC AH AT i e
5T LSCF #H.

4 3 Fon PR e AR MK XRD 3%
XRD patterns of the cathode side of kinds of
symmetrical cells

Fig. 4

23 BERBEARABLFERE

T EZE S Hope 1 Hyser H 2 BAAK, ZH254H
R EL I Ak 2 M R, IR G AR I F
b, K 5a~E 5¢ N 3 SRR (Cell-Hgpes
Cell-Hyscr LA Cell-TH)FE 550~700 C L 5
Nyquist B, 57 B4ZHEA R A ACHETE R,
TG BRI HLRE R 49 T I 403E . 7£ 550~700 Cll
IR, Hth R, SRR E T EZ s,
WX FRE Cell-Hgpes 7E 550+ 600+ 650+ 700 CHY
R B354 1,152+ 0.450 0.134Q-cm” £10.039 Q-cm’;
XIHRHL Cell-Hyscr 7EAH MR FE & R, {5714
0.5620. 0.2350. 0.070 5 Q-cm’ f1 0.018 0 Q-cm’.

544 R Cell- T (¥4 R, 1 1.416.,0.588.0.184 Q-cm’
1 0.069 Q-cm” A LL, 3 T2 Z0 B 4 B M B R B A
BN AP . T 2 Rl E g 2R B AR AR L
Cell-Hy scr A7 AR MIARA FBBH, S HAEMCHE N A
B, 550 CHIE R, 181N Cell-Hope I 48%.
Cell-Hyscr 7E 600+ 650 ‘CHIE R, EAHLL T-3CHR 1 42
PR (41 G 42 ki FEL 273 276 4% 1) I AR R, B L
HRH. 0 Chen %Ll LSCF Bk A& 4L, Bt
T 2R IRI AN, 72 600 C IR ,
SR HLIEA 0.312 Q-cm?, R FH # HRLYT 22351114 [
%, Zhao 25VOLR #2251 %% 1) LSCF 5 GDC
(1152 A5 2T 4EBAAAE 650 CIR T BB (0.10 Q-em?).

I SR R VA RE IS Nyquist BTS04
R BEAE E— DR, ERVE 2 S R0n P
SCHEAS A, T LA R L AR S ST Bl ) A
R (8 I ARAFAE LA (0 —— X, 2 20 P 1 e 4
S FARREATAE UM ZE 5 o FAR S S TR K 3]
AARYEG AR . R B BAERBS
AR, AN 5 (A B A 2 5 R ikt I 1) 5 2 S A
TEAHE E SN . EHRAF R, IR xR
THRHERT WS4, R TR RIENRB T N—AF
i A B ) — AP A BT R R BT A, AN E
FL A 25 o R X 7 AN [R] ) ot TR I ) o ot TR I [ ek
B, KRG IR BAEAR, [ W . b
TR 8] 43 25 123 (DRT) 1F 2 44 J5 A% 4 A7 16 55035 1) B
YU [ R B % A S I S T, SRAT A I A st T4 B
] 5347 BR 5 X T LB B4 1Y) EIS 3, B BHATT Z(w)
A LR N BRI BT Ro AAK BT Zpoi() FIAR I,
SHTEET ] ¢ ZAE 0 1R (= 07" 1/2xf), HRALBH$T
Zpol(@) AT 7™ AL E] « A O BooFBRLSY, sk
Q)FT7R:

- ¥(In7)
Z(@)=R,+Z y(@)=R,+| ——Ldinc  (2)
1+ jor

SRARAN[F) 5t TS AL R 2(s)% R ¥ p(x), RIAT

%20 EIS Hudha i st 35 18] 43 A [ WX (3)] -

7’T=i' sin[(l—n)n]

o cosh{nln(;ﬂ ~cos[(1-n)n]

/> DRT B #A 1 4R IS BT AN [A] 1
ML 2 1, e A AR T RFIE AR A LI 1
N, F0E AR N AR 3 TR, o A R ML I
WA R BHE 2, SR &R K Wan &2 345F
K] DRT tools ¥4, ¥4 EIS ##a (&l 5a~K&l 50)fif
M Dy b TR 8] 23 A 2k (B Sd~T&1 56), GhAR ARy

€)



51485 7

A S (IR ARSI RE L S E SE AR A A S R e < 1769 -

KD-In(10), #EALEGR A-1g2re), HHLF AR
ARG FER PR . M Sd~F SE B 1, 1F
EIX (KT 1.5%10° Hz) I A i, 3t B2 208 22 [ A
RE05 P AL PO B SR 1 A 8 T TR, R
DRT 12570 ALLR 3 RN RIS [l 35371, 43 531
FIRN PLL P2, P3, KR FHAIX (10°~1.5%10° Hz)
HERH X (10°~10° Hz) RV AR X (/N T 10° Hz) T IR
I AL A . P B T H AR/ H A T
AT RS, P2 gt BT SRR B/ RS . R
Fir I 7, P3 VAT B TS SLE H AR FLIR Hh R A% 5
AR Xt DRT #2317 40 W& I B 1A R A2 1

(a) Nyquist plots of Cell-Hgpc

(d) DRT spectra of Cell-Hgpc

(b) Nyquist plots of Cell-Hyscr

(e) DRT spectra of Cell-Hyscr

WAL AL 1 TR, AR S A Sa~F]
Sc W EIS JUikgh R AEA —2 .

i 1 MBS bl sn, R TAEREE I
115 3 AR FRLIHLAF R 3 e FRT AR 14 FELRHL ) BH RIS,
U BH T e iR P A O A v T AR 5 P R (R A
Mo TR TARR VG, X AR SRy 8L
P3 UETIAR M /INEK I HE AR N Cell-Hpscrs
Cell-Hgpe~ Cell-TY,  IER M T2 %5 22 AR H Kk ik
LB (B 3¢ FIIE 3g) 5 A R F A My 1, 1Rk
KT AR IR ZE AL . T Cell-T P &R AL R/ HL
JSFEONE 35), ASFLIRR B R, AT

(c) Nyquist plots of Cell-T*

() DRT spectra of Cell-T"

K5 3 Rt AR EIB(Cell-Hgpe Cell-Hy gop AT Cell-T*) ) Nyquist B & AHRi ] DRT E(550~700 'C, =555)
Fig. 5 Nyquist plots and the corresponding DRT spectra of three kinds of symmetrical cells (Cell-Hgpc, Cell-H; gcp and Cell-T%) at

550-700 °C in air



c 1770 -

(RERR 711

J Chin Ceram Soc, 2023, 51(7): 1763-1772

2023 4F

F 1 3 FhtFREt DRT & PMEWE BT BRI EITES50~700 C,

=—x—
==

=

£

Table 1 Polarization resistance associated of each peak for three kinds of symmetrical cells at 550-700 C in air

CCll—HGDC CCll—H]_gCF CCll—T#
Ry/(Q-cm?)
P1 P2 P3 Sum P1 P2 P3 Sum P1 P2 P3 Sum
550 C 0.220 0.905 0.047 1.172 0.262 0.258 0.012 0.532 0.332 0.816 0.24 1.388
600 C 0.098 0.327 0.003 0.428 0.072 0.164 0 0.236 0.136 0.441 0.038 0.615
650 C 0.051 0.081 0.002 0.134 0.021 0.048 0.001 0.070 0.053 0.129 0.008 0.190
700 C 0.027 0.007 0.0007  0.0347 0.012 0.006 0.0005 0.0185 0.013 0.051 0.007 0.071
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