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Supplementary Figures and Tables
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Fig. S1 Surface structures of a SFO (110) and b CoFe@R-SFO (103) from side and top viewpoints, respectively
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Fig. S2 XRD patterns of LSTCF and R-LSTCF
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Fig. S3 XRD refinement patterns of LSTCF after the redox cycling: a Cycle I LSTCF, b Cycle II LSTCF, c Cycle III LSTCF, d Cycle IV LSTCF, e Cycle II R-LSTCF, f Cycle III R-LSTCF, g Cycle IV R-LSTCF
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Fig. S4 H2-TPR results for LSTCF
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Fig. S5 SEM images of LSTCF fibers: a Pristine LSTCF, b Cycle I R-LSTCF, c Cycle I LSTCF, d Cycle II R-LSTCF, e Cycle II LSTCF, f Cycle III R-LSTCF, g Cycle III LSTCF, h Cycle IV R-LSTCF, i Cycle IV LSTCF
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Fig. S6 Diameter distribution of LSTCF and R-LSTCF fibers collected from SEM images by ImageJ
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Fig. S7 BET curves of fibers: a Pristine LSTCF, b Cycle I R-LSTCF, c Cycle IV LSTCF, d Cycle IV R-LSTCF
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Fig. S8 Nanoparticles diameter distributions of LSTCF and R-LSTCF collected from SEM images by ImageJ
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Fig. S9 The raw and fitted Fourier transform of k3-weighted EXAFS spectra of Co K-edge: a Co-foil, b Co2O3, c CoO, d LSTCF, e R-LSTCF
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Fig. S10 The raw and fitted Fourier transform of k3-weighted EXAFS spectra of Fe K-edge: a Fe-foil, b Fe2O3, c FeO, d LSTCF, e R-LSTCF
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Fig. S11 The Nyquist curves of the EIS of the single cell at 800 ℃ with different fuels under OCV conditions
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Fig. S12 Schematic illustration of a the device for single cell test, b the reversibility test of the electrodes by switching the gases between the fuel electrode and air electrode
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Fig. S13 CO production rate and Faradaic efficiency of the cell for CO2 electrolysis
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Fig. S14 I-V curves of the R-LSTCF-GDC cell for CO2 electrolysis before and after the stability test
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Fig. S15 Cross-sectional SEM image of cell after test
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Fig. S16 Nyquist curves of the EIS of the single cell before and after the reversible operation in the RSOC mode
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Fig. S17 Microstructure of the electrode of the single cell after the reversible operation
Table S1 Cell parameters of Rietveld refinements for LSTCF
	Simples
	a (Å) (a = b = c)
	Space group

	Pristine 
	3.87097
	Pm3m

	Cycle I 
	3.87399
	

	Cycle II 
	3.87383
	

	Cycle III 
	3.87309
	

	Cycle IV 
	3.87291
	


Table S2 Rietveld refinements results for R-LSTCF
	Simples
	Chemical Formula
	Percentage
	Space group
	a (Å)
(a = b)
	c (Å)

	Cycle I 

	La0.606Sr1.212Ti0.194Co0.105Fe0.701O4
	90.28%
	I4/mmm
	3.88854
	12.73899

	
	Co3Fe7
	9.42%
	Pm3m
	2.86640
	2.86640

	Cycle II 

	La0.624Sr1.248Ti0.205Co0.097Fe0.698O4
	90.61%
	I4/mmm
	3.89304
	12.75637

	
	Co3Fe7
	9.39%
	Pm3m
	2.87010
	2.87010

	Cycle III 

	La0.620Sr1.240Ti0.206Co0.095Fe0.699O4
	90.77%
	I4/mmm
	3.89297
	12.75283

	
	Co3Fe7
	9.23%
	Pm3m
	2.87112
	2.87112

	Cycle IV 

	La0.618Sr1.236Ti0.209Co0.095Fe0.696O4
	90.85%
	I4/mmm
	3.89384
	12.75712

	
	Co3Fe7
	9.15%
	Pm3m
	2.87222
	2.87222


Table S3 Structural parameters extracted from the Co K-edge EXAFS fitting
	Sample
	Scattering pair
	CN
	R (Å)
	σ2 (10-3 Å2)
	ΔE0 (eV)
	R factor

	Co-foil
	Co-Co
	12.0*
	2.50
	7.7±0.3
	8.4±0.7
	0.007

	Co2O3
	Co-O
	5.1±0.9
	1.91
	2.1±0.2
	-7.4±1.3
	0.015

	
	Co-Co1
	2.6±0.1
	2.94
	9.7±0.1
	2.4±1.1
	

	
	Co-Co2
	0.8±0.3
	3.40
	4.2±0.7
	-5.3±1.4
	

	CoO
	Co-O
	5.4±0.8
	2.11
	7.7±0.5
	-2.0±0.4
	0.017

	
	Co-Co
	9.3±0.8
	3.00
	8.0±1.3
	-5.7±2.1
	

	LSTCF
	Co-O
	5.5±0.3
	1.91
	5.0±2.6
	-3.3±1.2
	0.012

	R-LSTCF
	Co-O
	4.4±0.7
	1.91
	3.7±0.2
	-5.9±1.1
	0.018

	
	Co-Co
	1.4±0.2
	2.50
	9.0±0.5
	-4.8±1.4
	


S02 is fixed as 0.7, ΔE0 is refined as a global parameter, |ΔE0| ≤ 10 eV. Data range: 3 Å ≤ k ≤ 11 Å. CN is the coordination number, R is the interatomic distance. σ2 is Debye-Waller factor, σ2 ≤ 0.01. R factor is used to value the goodness of the fitting, R factor ≤ 0.02. * This value was fixed during fitting, based on the known structure of Co.
Table S4 Structural parameters extracted from the Fe K-edge EXAFS fitting
	Sample
	Scattering pair
	CN
	R (Å)
	σ2 (10-3 Å2)
	ΔE0 (eV)
	R factor

	Fe-foil

	Fe-Fe1
	8.0*
	2.46
	4.9±1.1
	5.6±1.6
	0.010

	
	Fe-Fe2
	6.0*
	2.85
	3.0±0.2
	5.3±1.0
	

	Fe2O3
	Fe-O
	4.6±0.4
	2.03
	8.5±0.2
	-6.2±2.7
	0.014

	
	Fe-Fe
	10.9±1.3
	3.00
	7.6±1.9
	2.0±0.8
	

	FeO
	Fe-O
	1.9±0.3
	2.07
	5.8±2.1
	-2.4±0.2
	0.008

	
	Fe-Fe
	9.4±0.7
	3.09
	6.3±2.9
	3.4±0.4
	

	LSTCF
	Fe-O
	5.9±0.2
	1.95
	5.4±0.9
	-4.6±2.8
	0.019

	R-LSTCF
	Fe-O
	5.5±0.7
	1.96
	7.0±0.5
	-4.0±0.8
	0.008

	
	Fe-Fe
	2.7±0.6
	2.50
	7.0±2.0
	-1.3±0.4
	


S02 is fixed as 0.7, ΔE0 is refined as a global parameter, |ΔE0| ≤ 10 eV. Data range: 3 Å ≤ k ≤ 11 Å. CN is the coordination number, R is the interatomic distance. σ2 is Debye-Waller factor, σ2 ≤ 0.01. R factor is used to value the goodness of the fitting, R factor ≤ 0.02. * This value was fixed during fitting, based on the known structure of Fe.


Table S5 Summary of property and performance of SSZ or YSZ electrolyte-supported SOFCs.
	[bookmark: _Hlk181291442]Fuel electrode
	Electrolyte
	Air electrode
	Fuel gas
	Peak power density (W cm-2)
	References

	LSTCF-GDC*
	SSZ
(~200 µm)
	LSTCF-GDC
	H2 
(3% H2O)
	0.98 (800 ℃)
	This work

	
	
	
	CH4 
(3% H2O)
	0.53 (800 ℃)
	

	La0.52Ca0.28Ni0.06Ti0.94O3*
	YSZ (~200 µm)
	(La0.8Sr0.2)0.95MnO3 (LSM)-YSZ
	H2 (3% H2O)
	0.38 (900 ℃)
	 [S1]

	La0.8Ce0.1Ni0.4Ti0.6O3
	SSZ
 (~120 µm)
	LSM-SSZ
	H2 (3% H2O)
	0.64 (900 ℃)
	 [S2]

	La0.4Sr0.4Ti0.9Ni0.1O3-GDC*
	SSZ (~250 µm)
	(La0.6Sr0.4)0.95Co0.2Fe0.8O3-δ-GDC
	H2 (3% H2O)
	0.85 (800 ℃)
	 [S3]

	La0.43Sr0.37Cu0.12Ti0.88O3
	SSZ 
(~90 µm)
	LSM-SSZ
	H2 (3% H2O)
	1.04 (800 ℃)
	 [S4]

	La0.43Sr0.37Fe0.09Cu0.03Ti0.88O3
	SSZ
 (~85 µm)
	LSM-SSZ
	H2 (3% H2O)
	0.68 (800 ℃)
	 [S5]

	(La0.6Sr1.4)0.95Mn0.9
Cu0.1O4-SSZ
	SSZ
 (~185 µm)
	(La0.6Sr1.4)0.95Mn0.9Cu0.1O4-SSZ
	H2
	0.62 (750 ℃)
	 [S6]

	La0.43Ca0.37Ni0.03Fe0.03Ti0.94O3
	SSZ
 (~250 µm)
	LSM-SSZ
	H2
	0.43 (900 ℃)
	 [S7]

	La0.43Ca0.37Ni0.06Ti0.94O3
	SSZ
 (~150 µm)
	LSM-YSZ
	H2 (25% N2+25% H2O)
	0.29 (850 ℃)
	 [S8]

	NiO-YSZ
	
	
	
	0.26 (850 ℃)
	

	La0.9Ca0.1Fe0.9Nb0.1O3-SDC
	SSZ
 (~60 µm)
	La0.9Ca0.1Fe0.9Nb0.1O3-SDC
	H2
	0.53 (850 ℃)
	 [S9]

	PrBaMn2O5+δ-Pr6O11
	YSZ
	PrBaMn2O5+δ-Pr6O11
	Wet H2
	0.42 (800 ℃)
	 [S10]

	La0.3Sr0.6Ni0.1Ti0.9O3-GDC*
	SSZ (~200 µm)
	La0.2Sr0.8MnO3-GDC
	H2 (3% H2O)
	1.16 (800 ℃)
	[S11]


Composite fuel electrodes are shown in bold. * Fiber electrodes. 

Table S6 Summary of property and performance of SSZ or YSZ electrolyte-supported SOEC for CO2 electrolysis
	Fuel electrode
	Electrolyte
	Air electrode
	Fuel gas
	Current density at 1.4 V (A cm-2)
	[bookmark: _GoBack]References

	LSTCF-GDC*
	SSZ 
(~200 µm)
	LSTCF-GDC
	CO2
	0.55 (800 ℃)
	This work

	R-LSTCF-GDC*
	
	LSTCF-GDC
	
	1.18 (800 ℃)
	

	La0.3Ca0.6Ni0.05Mn0.08Ti0.9O3
	SSZ
 (~150 µm)
	LSM-SSZ
	CO2 (3% H2O)
	0.57 (900 ℃)
	 [S12]

	
	
	
	CO2 (19.4% H2+3% H2O)
	0.91 (900 ℃)
	

	(La4Sr4)0.9Ti7.2Ni0.8O26
	YSZ
 (~500 µm)
	La0.4Sr0.6Co0.2Fe0.8O3−δ(LSCF)
	CO2 (15% CO)
	0.63 (800 ℃)
	 [S13]

	(La0.2Sr0.8)0.95Ti0.85Mn0.1Ni0.05O3+δ-SDC
	YSZ
 (~500 µm)
	LSM-SDC
	CO2
	0.36 (800 ℃)
	 [S14]

	Sr2FeCo0.2Ni0.2Mn0.1Mo0.5O6−δ- Ce0.8Gd0.2O2 (CGO)
	SSZ
 (~150 µm)
	LSCF
	CO2 (75% Ar)
	0.32 (800 ℃)
	 [S15]

	La0.43Ca0.37Ni0.03Fe0.03Ti0.94O3
	SSZ
 (~250 µm)
	LSM-SSZ
	CO2
	0.36 (900 ℃)
	 [S7]

	La0.75Sr0.2Ca0.05Cr0.5Mn0.5O3-GDC
	SSZ
 (~200 µm)
	La0.8Sr0.2MnO3-δ-GDC
	CO2
	0.35 (900 ℃)
	 [S16]

	Pr0.25(La0.75Sr0.25)0.75Cr0.5Mn0.5O3-δ-GDC
	SSZ 
(~80 µm)
	LSCF-GDC
	CO2
	0.56 (800 ℃)
	 [S17]

	La0.43Ca0.37Ni0.06Ti0.94O3
	SSZ
 (~150 µm)
	LSM-YSZ
	CO2 (50% H2+25% H2O)
	0.68 (850 ℃)
	 [S8]

	NiO-YSZ
	
	
	
	0.49 (850 ℃)
	

	La0.6Ca0.4Fe0.8Ni0.2O3−δ-GDC
	YSZ 
(~300 µm)
	La0.6Ca0.4Fe0.8Ni0.2O3−δ-GDC
	CO2
	0.65 (800 ℃)
	 [S18]

	La0.52Ca0.28Ni0.04Fe0.04Ti0.92O3*
	YSZ
 (~200 µm)
	LSM-YSZ
	CO2
	0.45 (900 ℃)
	 [S19]

	Pd-La0.5Sr0.5FeO3-δ-SDC
	YSZ
 (~500 µm)
	LSM-YSZ
	CO2 (5% N2)
	0.44 (800 ℃)
	 [S20]

	Fe-Sr2Fe1.3Ni0.2Mo0.5O6-δ
	YSZ
 (~230 µm)
	LSCF-GDC
	CO2
	0.55 (800 ℃)
	 [S21]

	DP-Fe-Sr2Fe1.2Ni0.3Mo0.5O6-δ
	YSZ 
(250-300µm)
	LSCF-GDC
	CO2
	1.04 (850 ℃)
	 [S22]

	La0.5Sr0.5Fe0.95V0.05O3-δ-GDC
	YSZ 
(~500µm)
	LSM-YSZ
	CO2 (5% N2)
	0.46 (800 ℃)
	[S23]


Composite fuel electrodes are shown in bold. * Fiber electrodes. 
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