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Fig. S1. XRD patterns of as-synthesized BCYF1, BCYF2 and BCYF3 samples after a natural

cooling from 1000 °C to room temperature.
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Fig. S2. Refined XRD patterns of (a) BCYF1 and (b) BCYF3.
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Fig. S5. Linear EDX scanning results of BCYF2: (a) STEM image, (b) line scanning area selected

from Fig. S4, (c) linear EDX scanning results.



Fig. S6. (a) STEM image, (b, c) HR-TEM images of point 1 and 2 and (d, e) point EDX scanning

results of BCYF3.
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Fig. S7. Arrhenius plots of ASR values of various cathodes in BZCY Yb-supported symmetrical

cells in air and in 5 vol.% H,0-air: (a) BCYF1, (b) BCYF2 and (¢) BCYF3.
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Fig. S8. ASR stability of BCYF2 cathode in a symmetrical cell at 600 °C in wet air.
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Fig. S9. Fe 2p XPS spectra of (a) BCYF1, (b) BCYF2 and (c) BCYF3 samples.
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Fig. S10. Ce 3d XPS spectra of (a) BCYF1, (b) BCYF2 and (c) BCYF3 samples.
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Fig. S11. (a) O, permeation rates and (b) H, permeation rates of BCYF1, BCYF2 and BCYF3.



Fig. S12. The typical cross-sectional SEM image of Pd film on the BCYF2 pellet surface.
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Fig. S13. High-temperature XRD patterns of (a, b) BCYF1, (¢, d) BCYF2 and (e, f) BCYF3 sample

from room temperature to 750 °C with different 2-theta ranges.
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Fig. S14. The calculated TECs of BCYF1, (b) BCYF2 and (c) BCYF3 samples based on HT-XRD

patterns.
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Fig. S15. XRD patterns of BZCYYb and the BCYF+BZCYYb composites (1:1, weight ratio)

prepared by physical mixing after a calcination at 1000 °C for 2 h in air.
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Fig. S16. I-V and I-P curves of anode-supported single cells with (a) BCYF1, (b) BCYF2 and (c)
BCYF3 cathode exposed to static air.



Fig. S17. Cross-sectional SEM image of the anode-supported single cell with BCYF2 cathode.
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Fig. S18. EIS spectra of the single cell with BCYF2 cathode exposed to flowing air at 650-450 °C.




Table S1. Summary of Rieltveld refinements results for BCYF1, BCYF2 and BCYF3 samples.

Phase proportions

Sample Crystal parameters (wt. %) Refinement parameters
. /0
. a=4.0934(3) ~ _
BCYFI Cubic b=4.0934(3) 100 Rup =4.99, Ry = 3.70,
(Pm-3m) 0=4.003403) GOF =2.03
. a=4.1250(2)
(Pi‘;t;;l) b=4.1250(2) 96.6
BCYE2 - c=4.1250(2) Ryp =5.16, R, =3.85,
. a=8.7033(6) GOF =2.08
Orthorhombic b=6.2060(0) 34
(Pmen) ¢=6.2308(0)
. a=4.1553(5)
(P(fr‘ll_b;;) b=4.1553(5) 77.0
BCYE3 c=4.1553(5) Ryp = 5.65, R, = 4.13,
Orthorhombic a=8.7600(0) GOF =2.34
r (Praca) b=6.2703(0) 23.0
c= 6.2083(7)
Table S2. Point EDX scanning results of BCYF2 sample.
Atomic ratios at different points (%)

Element = 2 3 4 5 6 7 8 9 10
Ba 35.2 36.8 35 398 363 335 375 346 352 360
Fe 6.0 9.1 3.5 18.4 17.7 19.4 17.6 209 19.2 203
Ce 27.4 223 292 6.4 4.9 5.5 4.9 5.1 5.2 5.2
Y 1.8 1.4 1.4 1.4 1.6 1.4 1.1 1.2 1.3 1.3
0] 29.5 304 30.8 339 394 40.2 389  38.1 39.0 372

Table S3. ASR values of BCYF1, BCYF2 and BCYF3 cathodes based on SDC electrolyte.

ASR, Q cm? (Temp. °C)

Cathode Atmosphere 550 500 530 500 150
BCYF1 air 0.045 0.090 0.21 0.646 2.72
BCYF2 air 0.05 0.097 0.25 0.594 2.13
BCYF3 air 0.14 0.3 0.63 1.49 4.95




Table S4. ASR value comparison of BCYF2 cathode with other reported Co-free cathodes in O-
SOFCs.

ASR, Q cm? (Temp. °C)

Cathode Electrolyte 750 700 650 500 550 500 Ref.
Bao,5sro_5Feo‘gcuo_203_5 (BSFC) SDC / 0.137 0.22 0.365 0.939 / [1]
Bag osLag0sFeOs.5 (BLF) SDC  0.021 0037 0086 / / /R
BaNby gsFeg.9503.5 (BNF) SDC 0.016 0.026 0.058 0.147 0.427 / [3]

Bay 5SrqsFeqsCuq, 1 Tip,1 O35

(BSFCUTi) GDC 0.059 0.103 0.19 047 / / [4]
BaFe 35Cuyg 15055 (BFC) CGO 0.35 0.80 2.05 / / / [5]
BaFe 05Sn,0s0s.5 (BFS) SDC 0018 0033 0077 0207 065 /  [6]
BaFeq5Nig 25055 (BFNi25) CGO /0095 0.184 0364 T
Bay 95Cag gsFeg.osIng 0503.5 (BCFI) SDC / 0.038 0.089 0.21 0.44 1.00 [8]
Sry9Cey.1Feg gNip,05.5 (SCFN) SDC / / 0.028 0.072 0.29 1.28 [9]

BCYF2 SDC / /005 0097 025 0594 [0S

work

SDC: Sm0_2Ceo_gOl_9; GDC: Gd0_2Ceo_801_9; CGO: CeO.QGdO.IOI_QS

Table SS. ASR values of BCYF1, BCYF2 and BCYF3 cathodes based on BZCYYD electrolyte.

ASR, Q cm? (Temp. °C)

Cathode Atmosphere 50 500 550 500 250
air 025 0.49 1.10 247 716
BCYF1 5 vol.% H,0-air 0.20 0.43 0.77 238 6.24
air 0.23 0.51 113 2.59 6.64
BCYF2 5 vol.% H,0-Air 0.16 0.27 0.58 1.49 4.86
air 031 0.78 1.99 5.59 14.8
BCYF3 5 vol.% H,0-air 0.28 0.55 122 2.99 9.05

Table S6. ASR value comparison of BCYF2 cathode with other reported Co-free cathodes in
PCFCs.

ASR, Q cm? (Temp. °C)
750 700 650 600 550 500

Cathode Electrolyte Atmosphere  Ref.

BaoosLaoosFeosZnos0ss  proyypt 029 042 066 134 4/ 3%H,O-air  [10]

(BLFZ)
Ndy.sBag 4Fep9Cug 1055 5 o .
(NBFO) BZCYYb:  / /062 127 399 132 3%H,0-air  [11]
PerO-SM‘I‘,"r-g)3 (PNM)- pzevyb! 0021 0052 011 031/ W0 [12]
Baceo-‘assrg‘)SlFF)eo-“O3'5 BCS 024 045 083 202 534 /  3%H,0-air [13]
PrBaFe,0s.5 (PBF) BZCY / 035 070 1.80 / / 3%H,0-air  [14]
Nd, 9sBag 0sNiOq.5 (NBN)  BCZD 67 116 279 692 3%H,0-air  [15]
SryFe;0175 BZCY 031 080 241 726 260 5%H,0-air [16]
SCFN BZCYYb'  / /0094 023 0.63 209 6%H,0-air [17]
BCYF2 BZCYYb!  / /016 027 058 149 5%H,0-air vf‘l)‘r‘i

BZCYYDb!: BaZro,1Ceo,7Y0,1Ybo,103_5; BZCYYDb2: BaCCO.5ZI'()_3Y0'1Yb0'103_5; BCS: Baceo'gsmo_203_5;
BZCY?: BaZry3Ce(5Y20;.5; BCZD: BaCe 571y 3Dy(203.5.



Table S7. Peak deconvolution results of XPS spectra for BCYF1, BCYF2 and BCYF3 cathodes

Fe 2p (%) Ce 3d (%) 0 1s (%)
Sample —p 57 Fe' Fe*  Ce*  Ce  Oum Ot 0.0/Omt
BCYFI 309 283 408 709 291 86.6 13.4 6.46
BCYF2 318 38.6 296 521 479 858 142 6.04
BCYF3  20.0 324 446 744 256 417 58.3 0.71

Table S8. Evolution of ASR values of BCYF1, BCYF2 and BCYF3 in BZCYYb-based
symmetrical cells in 5 vol.% H,O-air (with and without 1 vol.% CO,) at 600 °C.

ASR (Q cm?) against the exposure time (min)

Cathode 5 vol.%H,0-air+1 vol.% CO, after the CO, removal

0 20 40 60 80 100 120 140 160 180
BCYF1 0.35 0.75 0.60 0.68 0.76 0.64 0.43 0.47 0.52 0.46
BCYF2 0.21 0.64 0.65 0.67 0.69 0.69 0.16 0.19 0.17 0.18
BCYF3  0.70 2.78 2.94 3.06 3.08 3.35 0.82 0.83 0.81 0.78

Table S9. PPD value comparison of PCFCs based on BCYF2 cathode and other reported Co-free

cathodes.
[e]
Cathode Electrolyte PPD at Sg?z)c (mW Ref.
BaCesFeo50;.5 BaZry1Ce7Y 020325 192 [18]
Bayg osLag osFeg sZn203.5-BaZrg 1Cep 7Y 0.1 Yb 10355 BaZry1Cep7Y0.1Ybo.103.5 142 [10]
BaCe sFeg3Big 1035 BaZryCep 7Y 02035 362 [19]
BaFe(3Ce 1Y 105.5-BaCegsFeg Y1035 BaZr Cey7Y 02035 417 [20]
BaCe.1Zr0,Y0.1Fe060325 BaCes5Zrp3Y.1Ybg 103.5 74 [21]
BaZry,Fe Y2035 BaZry1Ce7Y 020325 175 [22]
La0,35Pr0,1SSr0,5FeO3_5 BaZro.lCequo,gO}S 400 [23]
BaFe( sSng»Bip303.5 BaZryCep 7Y 02055 841 [24]
Bij sBag sFeO3.5 BaZry1Ce(7Y 20325 38 [25]
Cap3Yo.7Fe5C00.503.5- BaZrg 1Ceo 7Y 2035 BaZryCep 7Y 02035 300 [26]
Bay 95Cag osFeg.35Sn0,05Y0.102.9-5F0.1- CeggSmg,0,. BaZry 1 Ceo 7Y 01055 641 [27]
5
Sr3Fe,07.5- BaZry3Ce5Y 02035 BaZr3Ce)5Y 020325 380 [16]
BaCe Fe) ¢Pro 2035 BaZr Cey 7Y 02035 316 [28]
PI‘zBaNiMIlO3_5 BaZr(),1Ceo,7Y0‘1Yb0,1O3_5 570 [29]
Bay 5Sr¢.5sZng 2Fe 3035 BaZry.1Ce0.7Y0203.5 277 [30]
This
BCYF2 BaZl'o'lCeo.7Y0.1Yb0.103_3 656 work
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