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Fig.S1 ECR curves of (a)BCFTig o5 and (b) BCFTiy ;5 samples measured from 550 to 700 °C with
an oxygen partial pressure changed from 0.1 to 0.21 atm.
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Fig. S2 EPR spectra of BCF and BCFTi,; powders
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Fig.S3 EIS plots of (a) BCF( o5 and (b) BCFTig 5 symmetrical cells measured at 550-700 °C in air;
(c) The Rp values for BCFTix cathodes measured at 550-700 °C in air.
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Fig.S4 (a)Ryr and (b)Ryr of BCF and BCFTiy cells on different pO, at 700 °C.
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Fig. S5 SEM images of (a)Ni-YSZ/YSZ/GDC/BCFTiy single cell, (b) BCFTiy; electrode surface
morphology; EDS results of BCFTig; electrode (c) Bi, (d)Fe, (¢)Ca and (f)Ti.
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Fig.S6 Continuous cyclical operation between the SOFC mode (at 0.8 V) and the SOEC mode (at
1.3 V) at 700°C for BCF single cell.
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Fig. S7 EIS of the BCFTiy single cell before and after the continuous cyclical operation.

Table S1 Lattice parameters of BCFTi,O5.5 (x=0, 0.05, 0.1, 0.15) samples

Samples Space group a=b=c oRp Rp e

BCF Pm-3m 3.91689 8.14 5.23 4.56
BCFTig s Pm-3m 3.91365 4.21 2.33 2.83
BCFTiy, Pm-3m 3.92097 7.82 5.63 3.08
BCFTig s Pm-3m 3.92724 6.89 3.44 3.47

Table S2 Comparison of the Rp values of symmetrical cells with various Fe-based or Co-based
perovskite materials measured at 700 °C in air

Cathode Electrolyte (um) Rp values (Q Reference
cm?)

BCFTiy, GDC(~500) 0.064 This work
Pry»BagSrg,Lag,Cag,Co03.5 LSGM (250) ~0.08 1
Srg.sBigsFeOs.5 GDC(300) ~0.25 2
St sBip4Cag1FeOs.5 GDC(300) 0.13 2
Big sSrg sFeg.g5Tip 15055 GDC(~300) 0.085 3
Sm,Ba;Co,Fe;0;s.; LSGM (~280) 0.06 4
SmBaCoy gFe; ;0545 LSGM (~280) 0.108 4
SrCo¢gTip203.5 LSGM(~200) ~0.062 3
Big 5Stg sFe0;.5-Ceg9Gdg 101.95(7:3) GDC(300) 0.14 6
(Lag ¢Sr0.4)0.95C002Fe 5035 LSGM (250) 0.091 7

SmBaFe,0s.5 LSGM (~270) 0.154 8




Table S3 Comparison in electrochemical performance (FC and EC mode) of BCFTiy; single cell
with reported high-performance cells using Co-based or Fe-based air electrodes
Air Fuel MPD (W cm?) Current density (A cm?)  Reference
Electrode electrode/electrolyte
BCFTip;  Ni-YSZ/YSZ/GDC 1.03 (700 °C) 0.9 (700 °C, 70 H,0:30 This

H,, 1.3V) work
PCFC Ni-YSZ/YSZ/GDC 0.493 (700 °C) 0.79 (750 °C, 50 H,0:50 ?
H,, 1.3V)
LSFN- Ni-YSZ/YSZ/GDC 0.729 (750 °C) 0.53 (750 °C, 50 H,0:50 10
GDC H,, 1.3V)
RP- NiO-3YSZ- 0.8 (700 °C) 0.76 (700 °C, 60 H,0:40 1
LSCFNM 8YSZ|NiO- H,, 1.3V)
C 8YSZ|8YSZ|GDC
RP-LSC NiO-3YSZ- 0.57 (700 °C) 0.65 (700 °C, 60 H,0:40 1
8YSZ|NiO- H,, 1.3V)
8YSZ|8YSZ|GDC
BSFTF10  Ni-YSZ/YSZ/GDC 0.497 (700 °C) 0.958 (700°C, 70 12
C0,:30CO0, 1.5V)
LSEN Ni-YSZ/YSZ/GDC 0.4 (700 °C) 0.32 (700 °C, 50 CO,:50 13
H,, 1.3V)
LSCF-SN Ni-YSZ/YSZ/SNDC 1.13 (700 °C) 1.37 (750 °C, 50 H,0:50 14
DC H,, 1.3V)
LBSNF- Ni-YSZ/YSZ/GDC 0.418 (700 °C)  0.36 (700 °C, 50 H,0:50 15
GDC H,, 1.3V)
NCBC2 Ni-YSZ/YSZ/GDC ~0.8 (700 °C) 0.81 (800 °C, 170 16
CO,:30H,, 1.5V, single
cell configuration:
NCBC2/LSGM/SFM-
SDC)
PCFC: PrggCagFe)sC00205.5; LSFN-GDC: Lag ¢St 4Feq gNig203.5-Gdy1Ceg.90,.5; RP-LSCFNMC:
La; 4SrpcCog2Feq2Nig2Mng,Cug 20445, RP-LSC: La; 4S1p6C004ss; BSFTF10 :

Big sSrq sFeg9Tag 105.5F0.1; LSFN: Lag 6Srg 4FeqoNbg 105.5; LSCF-SNDC: Lag 6519 4C002Fe) 303 5-
Smy 75Ndg 075Ce0.8502.5;, LBSNF-GDC: Lag g«Bi,Srg2Nig2Feo3035- Gdo1Cep 9025, NCBC2:
Ndo,gC&o,zB&COzOHg; LSGM: LaO,QSro_1Ga0,gMg0,203_3; SFM-SDC: SI‘2F61.5M00.506_5-

CegSm 201 9.
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