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Figure S1. Refined XRD profile of (a) BCF46, (b) BCF64, (c) BCF82 powders.
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Figure S2. XRD patterns of the (a) BCF46, (b) BCF64, (c) BCF82 after exposed to
wet air (2 h, 600 °C).
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Figure S3. Relative area ratio of O,-TPD and H,O-TPD curves based on BCF82
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Figure S4. EIS, [-V-P and IV curves of single cells. (a) BCF46 and (b) BCF82.
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Figure S5. (a) Polarization impedance and (b) DRT analysis of three electrode

materials at 600 °C and 1.1 V polarization voltage, and (¢) polarization impedance

and (d) DRT analysis of BCF64 at different temperatures under 1.1 V polarization

voltage.



Figure S6. The electrode micromorphology of BCF64 (a) before and (b) after long-

term test.



Table S1. XRD Refinement results for BaCo,_Fe, 055 (x = 0.2, 0.4, 0.6) electrodes.

Sample 12 Space group a(A) b(A) c(A) a B v 3-5

BCF46 1.25 Pm-3m 4.0662 4.0662 4.0662 90° 90° 90° 2.691
BCF64 1.19 P-3ml 5.7081 5.7081 11.9322 90° 90° 120° 2.644
BCF82 1.62 P-3ml 5.6599 5.6599 11.8594 90° 90° 120° 2.674

Table S2. The structural parameters of BCF46 obtained by Rietveld refinement.

Atom X y z Fraction
Bal 0.000 0.000 0.000 1.000
Col 0.500 0.500 0.500 0.390
(0] 0.500 0.500 0.00 0.897
Fel 0.500 0.500 0.500 0.610

Table S3. The structural parameters of BCF64 obtained by Rietveld refinement.

Atom X y z Fraction
Bal 0.000 0.000 0.000 1.000
Ba2 0.333 0.667 0.768 1.000
Ba3 0.333 0.667 0.417 1.000
Col 0.000 0.000 0.500 0.600
Co2 0.000 0.000 0.301 0.600
Co3 0.333 0.667 0.114 0.600
0O1 0.333 0.667 0.002 0.994
02 0.124 0.876 0.208 0.836
03 0.175 0.825 0.582 0.889
Fel 0.000 0.000 0.500 0.400
Fe2 0.000 0.000 0.249 0.400

Fe3 0.333 0.667 0.172 0.400




Table S4. The structural parameters of BCF82 obtained by Rietveld refinement.

Atom X y z Fraction
Bal 0.000 0.000 0.000 1.000
Ba2 0.333 0.667 0.772 1.000
Ba3 0.333 0.667 0.417 1.000
Col 0.000 0.000 0.500 0.800
Co2 0.000 0.000 0.306 0.850
Co3 0.333 0.667 0.130 0.764
0O1 0.333 0.667 0.002 0.996
02 0.168 0.832 0.187 0.856
03 0.163 0.837 0.607 0.892
Fel 0.000 0.000 0.500 0.200
Fe2 0.000 0.000 0.229 0.150
Fe3 0.333 0.667 0.178 0.236

Table S5. Analysis of spectra for BaCo;_ Fe,O;5 (x = 0.2, 0.4, 0.6) powders.

Sample Element Atomic Atomic Mass Mass Fit
Fraction(%) Error(%) Fraction(%) Error(%) Fraction(%)
Ba 14.05 1.33 49.12 291 0.09
Co 6.08 0.77 9.12 1.22 0.31
BCF46
Fe 9.10 1.11 12.93 1.66 0.19
(0] 70.77 1.50 28.82 1.66 0.36
Ba 17.82 1.64 52.12 3.05 0.09
Co 13.83 1.62 17.36 2.16 0.16
BCF64
Fe 8.51 1.06 10.12 1.36 0.15
(0] 59.84 1.74 20.40 1.28 0.24
Ba 17.70 1.63 53.07 3.08 0.03
Co 15.45 1.77 19.88 2.41 0.05
BCF82
Fe 4.27 0.56 5.20 0.73 0.05
(0] 62.57 1.81 21.85 1.41 0.97

Table S6. The Co 2p3/2 binding energy and content of Co* and Co3" were calculated
from the corresponding XPS peaks.

Sample Co**(eV) Co**(eV) Co*(%) Co** (%) Average valence state
BCF46 778.76 781.20 75.42 24.58 +3.25
BCF64 778.74 781.40 75.03 24.97 +3.25

BCF82 778.98 781.22 73.22 26.78 +3.27




Table S7. The Fe 2p3/2 binding energy and content of Fe?" and Fe3* calculated from
the corresponding XPS peaks.

Sample Fe?*(eV) Fe3*(eV) Fe?* (%) Fe3*(%) Average valence state
BCF46 710.40 713.35 71.78 28.22 +2.28
BCFo64 710.27 712.66 53.81 46.19 +2.46
BCF82 709.95 712.12 50.10 49.90 +2.50

Table S8. Comparison of the peak power densities (PPDs) of BCF64 single cell with

other recently reported single cells which possess a similar construction.

Cell Structure Atmosphere Peak power density(W cm?) Reference

500°C 550°C 600°C 650 °C

Ni-BZCYYb1711BZCYYb1711/PBCC- H, (3% H,0)/ 0.66 1.06 1.58 !
BCO Ambient air

Ni-BZCYYb1711BZCYYb1711|BCFZY Hy/Air 0.45 0.52 0.65 2
Ni- Humidified Hy/ 0.55 0.78 1.10 1.42 3

BZCYYDb4411/BZCYYb4411|PBSCF(with Synthetic air

PLD layer)
Ni-BZCYYb1711BZCYYb1711|BCFT10 H,/Air(3% 0.48 0.74 1.05 1.47 4
H,0)
Ni- H, (3% H,0)/ 0.76 1.14 1.64 2.26 3
BZCYYDb1711BZCYYb1711BCT20(with Air
PLD layer)
Ni- 0.54 1.04 6
BZCYYDb1711BZCYYb1711BCFZYN-
095
Ni-BZCYYb1711BZCYYb1711|NBSCF H, (3% H,0)/ 0.69 1.05 7
Air
Ni- H, (3% H,0)/ 0.84 1.46 2.25 3.15 8

BZCYYb4411BZCYYb4411|BSTC(with Air (3% H,0)

PLD layer)
Ni-BZCYYb1711BZCYYb1711BCCY H,/ Ambient air 0.319 0.508 0.743 0.985 o
Ni-BZCYYb1711BZCYYb1711|BC1.5MN H, (3% H,0)/ 0.34 0.54 0.84 1.17 10
Air
Ni-BZCYYb1711|BZCYYb1711/BCFN H, (3% H,0)/ 0.5 0.8 1.2 1.7 1
Ambient air
Ni- H,/ Air (10% 0.525 0.701 0.984 1.327 12
BZCYYb1711BZCYYb1711|BSCFEQ.1 H,0)
Ni-BZCYYb1711BZCYYb1711|BCF46 H, (3% H,0)/ 0.196 0.405 0.725 1.436 This work
Ambient air
Ni-BZCYYb1711BZCYYb1711|BCF64 H, (3% H,0)/ 0.420 0.703 1.094 1.488 This work
Ambient air

Ni-BZCYYb1711BZCYYb1711/BCF82 H, (3% H,0)/ 0.373 0.619 0.996 1.467 This work

Ambient air




Note: PBCC-BCO (PrBay 3Ca2C0,0s.5), BCFZY (BaCog4Fe(4Z1)1Y0.103.5), PBSCF (PrBay sSr( sCo; sFeg 50s:5),
BCFT10 (Ba(Cog7Feg3)09Tag105.5), BCT20 (BaCog 3Ta(205.5), BCFZYN-095

(Bag.95(Coo.4Fe0.4Zr0.1Y 0.1)0.95Ni0.0503.5), NBSCF (NdBay 5sSro sCo; sFeq s0s.5), BSTC(BaSco,1 Tag 1C09503.5), BCCY
(BaCog 7(Ceo5Y0.2)0303-5), BC1.5SMN (BayCo1.5M025Nbg 2506.5), BCFN (Bag 9Cog 7Fe92Nby 103.5), BSCFEO.1

(Bay 5Srq.5(Cog gFeg.2)0.9Er0,103.5).

Table S9. Comparison of the electrolytic current density of BCF64 single cell with

other recently reported single cells which possess a similar construction.

Cell Structure Atmosphere  Electrolytic current density (A cm2)  Reference
at1.3V
500°C 550°C 600°C 650 °C

Ni-BZCYYb1711BZCYYb1711|PBCC- H, (3% H,0)/ 0.69 1.51 2.52 !
BCO Air (3% H,0)

Ni-BZCYYb1711 BZCYYb1711|BCFZY 2
Ni- 3

BZCYYb4411/BZCYYb4411|PBSCF(with

PLD layer)
Ni-BZCYYb1711[BZCYYb1711|BCFT10 H,/Air(3% 0.55(at  1.00(at 1.65(@at 2.1 (at 4
H,0) 1.4v) 1.4v) 1.4v) 1.4v)
Ni- H, (3% H,0)/ 0.84 1.60 2.33 3

BZCYYb1711BZCYYb1711|BCT20(with Air (3% H,0)

PLD layer)
Ni-BZCYYb1711BZCYYb1711|BCFZYN- 6
095
Ni-BZCYYb1711BZCYYb1711NBSCF 7
Ni- H, (3% H,0)/ 0.62 1.49 2.88 4.21 8

BZCYYb4411|BZCYYb4411|BSTC(with Air (3% H,0)

PLD layer)
Ni-BZCYYb1711BZCYYb1711|BCCY 0
Ni-BZCYYb1711/BZCYYb1711/BC1.5MN H, (3% H,0)/ 0.68 1.34 2.04 10
Air (3% H,0)
Ni-BZCYYb1711|BZCYYb1711|BCFN H, (3% H,0)/ 0.3 0.7 1.6 2.8 1
Air (3% H,0)
Ni- H,/ Air (10% 0.564 1.046 1.535 2227 12
BZCYYb1711BZCYYb1711|BSCFEO.1 H,0)
Ni-BZCYYb1711|BZCYYb1711|BCF46 H, (3% H,0)/ 0.196 0.405 0.725 1.436 This work
Air (3% H,0)
Ni-BZCYYb1711|BZCYYb1711|BCF64 H, (3% H,0)/ 0.420 0.703 1.094 1.488 This work
Air (3% H,0)
Ni-BZCYYb1711|BZCYYb1711|BCF82 H, (3% H,0)/ 0.373 0.619 0.996 1.467 This work
Air (3% H,0)

Note: PBCC-BCO (PI‘Ba()_gca()42C0205+5), BCFZY (BaCoo_4FeO_4Zr0,1Y0_103_5), PBSCF (PTB30'5SI‘0_5CO1_5F6045O5+5),



BCFT10 (Ba(C00_7Feo_3)o_9Ta0_103_5), BCT20 (BaCOO_gTao_203_5), BCFZYN-095
(Bag.o5(Cog.4Fen.4Zro.1Y0.1)0.95Ni0.0503.5), NBSCF (NdBag 5St.5C0; 5Feg.50s-+5), BSTC(BaScy 1 Tag.1Cop503.5), BCCY
(BaCoy.7(Ce.8Y0.2)0303.5), BC1.5MN (Ba,Co;.sM0g 25Nbg 2506.5), BCFN (Bag9Cog.7F€92Nby.103.5), BSCFEO.1

(Bayg sSro.5(Cog.gFep2)0.9Er0.103.5).
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