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PCO #SR PO b T U7 i A=K AE (001)
FEFHEY 8% (IR M0 Y, 0, A E 19 200, ( YSZ, MTI
el B R RS 10 mmx 10 mmx0. 5 mm,, fif
FHBOGH K 248 nm, it 400 224/ ikl J51% 8 Hz,
JUBUEREE A 700 °C ~780 °C, A4 50N 10 mTorr,
2.5 cm 1Y) PCO UM 55 ph 75 M 8 M 125 1) 25 BRUAH AR A
FRE v S H R A 1400 °C = BB ig 21, J5oRE
Ce(NO,), - 6H,0, 99.99% ( Sigma Aldrich);
Pr(NO,), + 6H,0,99.9% (Sigma Aldrich); Z — %
(Alfa Aesar); JG 7K #7 4 B2 ( Fisher Scientific ) ;
Ce(NO,), + 6H,0,99.99% (Sigma Aldrich)
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TE PLD il % 924 QL 1t 81 P A6 A ] Pe 3
RFI g £ %k AR, AR P AR SRy R I e A O R
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D2 kB AR R DU 2, U AR A5
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RIS L RE F BT AR JE S A2 BD X () G155,

lg(ASR)=1nA-E /RT (1)
2 ASREHIBREST(Q - em®) A RIGHTH T E,
JETEALAE R 22 %L,8.314 ]/ (mol - K), T &1
JBE(K) .

1.3 RAMK

WERE R P S B G4 (Olympus BXS51) 4K4%
RS FL A A 1 A 2R £E B F R (Helios, Nanolab
600i dual beam focused ion beam milling system ) %I {it
F43 B S5 BT B 44 - W 54UBE ( Helios, Thermo
scientific ) FEATIR
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5 BB R T, T 2 B RS, L R
— BB IR (H TG 2R, B PCO R
JEEFEREINE] 730 nm , KSR T A B ) A B
H B A 5 T PR g4ty | 38 o3 Bk B — 2 &
i, SRR, WA 1d TS ARTEN E

a, b: 370 nm; ¢, d: 730 nm
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Fig.1 Optical images of PCO films with different thicknesses
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Fig.2 Optical images of PCO films at different locations
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ATLLE S, A K TE YSZ BRI 1) PCO AR
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IV 7 o B VA R A A T B R S 1 A T 67 6
BH AR A 3 25 5 R
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I FH e BEL R #8477 T A ( CPE ) Xof BT 5% 2k
FTAESR MR AR S HUA A, AT LAAS 0T 107 11 56 2850 L 5
K UL 4 368, Hodr Ry, XTI YSZ 85 JE A BH
PU, Ry A1 CPE,, X Pt HLAR, 1] R, Al CPE,, Xt
J3 PCO HL BTk, T PCO X LAY (3R & 8 1
SRMEL, EAL TR AT LAy = A BB R, 4
SR AR e A A Mo B I A 3 o AR AR S T
SR B AE SR A R AR P SR AR A
PR S5 H 5 R G, B 155 00 32 21 i AR
JEREE AR B TR N 630 CHETFHE] 670 C,
XFI PCO TS Fi Al A A AL BELBE (A 28. 17 Q R AR
) 2.96 Q, UL HLR AR F SIS 15 S fE
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a;Low magnification electron microscope images of the film surface, as well as distribution diagrams of the latered and longitudinal lengths of the bulk;

b :High magnification electron microscope image of the film surface; c:Electron microscope image of the cracked thin film surface;

d:Cross section of cacked thin film area

Fig.3 Scanning electronic microscopy images of 930 nm PCO films
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Fig.4 Temperature dependence of electrochemical
impedance of cracked PCO/YSZ/Pt thin film cells and
the fitted equivalent circult diagram ( The battery
test structure diagram is shown in the lower right

corner of the figure)
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Fig. 5 Performance diagram of the surface specific
resistance of thin-film batteries varying with temperature
(The PCO, LNO, PNO, and cracked PCO samples are
measured with same system and the NNO214, LSF,
LSFC, STF!™®! | BSCF!"! were taken from literatures)
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a: Schematic diagram of the change in specific area of the film after cracking; b: Schematic diagram of tensile strain-induced crack generation

Fig. 6 Schematic illustration of the mechanism underlying film crack formation and enhancement
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Strain-induced Cracking in Praseodymium-doped Cerium Oxide Thin Films and

Its Impact on Oxygen Reduction Reaction Performance

LIU Peng', ZHOU Ze-lin> , HAO Qiang', XU Min', CHEN Di'*

(1. The Future Laboratory, Tsinghua University, Beijing 100084, China;

2. Weiyang College, Tsinghua University, Beijing 100084, China)

Abstract: Solid oxide fuel cells (SOFCs) are highly efficient devices for converting chemical energy from fuel into elec-
trical energy. The performance of the air electrode plays a critical role in determining the overall cell performance. To investi-
gate the factors influencing the oxygen reduction activity of electrodes, Pr,,Ce, o0, thin-film electrodes were fabricated using
the pulsed laser deposition technique. The morphological characteristics of the films and their impact on electrode performance
were systematically examined. It was found that once the thin film reached a critical thickness, tensile stress arising from lat-
tice mismatch induces the formation of regular cracks in the thin-film electrode and may even lead to electrolyte fragmentation.
Compared with the crack-free electrode material, the areal specific resistance of the cell decreases from 1.813 Q - em” to
0.027 Q - em®, and the material demonstrates enhanced stability. Therefore, the morphology and electrochemical activity of
the air electrode can be effectively optimized through stress engineering.

Key words : thin film electrode; strain; Pr;,Ce, ,0,; oxygen reduction reaction; fuel cells





