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Figure S1. Thermal expansion behavior of BGLC587 from 80 °C to 1000 C in air.

Table S1. Comparison of BGLC587-BZCY 541 oxygen electrode PCCs in fuel cell mode at

600 °C with perovskite-based oxygen electrode PCCs in previous studies.

Air electrode electrolyte Fuel electrode PPD (mW cm™) Ref.
600 °C | 650 °C
BGLC587-BZCY 541 BZCY541 Ni-BZCY541 403 570 This
work
LiNi08C00.202- BaZro.1Ceo07Y02035 | Ni-BaZro.1Ceo.7Y02035 410 !
BaZro.1Ce0.7Y0.203-5
SrSc0.175Nb0.025C00.803-5 BaZro.1Ce0.7Y0.203-5 Ni-BaZro.1Ce0.7Y0.203-5 ~260 ~360 2
PrBao.sS10.5C0205+5- BaZro.1Ceo.7Y02035 | Ni-BaZro1Ceo.7Y0203 274 395 3
BaZro.1Ce0.7Y0.203-5
Bao.55r0.5C00.8F€0.203-3 BaCeo8Y0.203-5 Ni-BaCeo.sY 0203 ~280 ~400 4
Bao.5Sr0.5Co0.8Fe0.203-5 BaZro4Ce0.4Y0.203-5 Ni-BaZro4Ce0.4Y 02035 ~155 ~170 4
Bao.5Sr0.5Co0.8Fe0.203-5 BaZro3Y 02035 Ni-BaZrosY0.203-5 ~23 ~32 4
PraNiOu+s BaZro.4Ce04Y0.203-5 Ni-BaZros5Y0.1503-5 102 158 5
Bao.5Sr0.5(Co0.8Fe0.2)0.9Ti0.1035- | BaZro4Ce0.4Y 02035 Ni-BaZro.4Ce0.4Y 02035 194 243 6
BaZro4Ce04Y0.203-5
Lao.6Sr0.4Co0.2Fe0s03-5 BaZro4Ce0.4Y0.203-5 Ni-BaZro4Ce.4Y 02035 279 340 7
Lao.6S10.4Co0.2Fe0.803-5 BaZro.6Ce0.2Y0.203-5 Ni-BaZro.6Ce0.2Y0.203-5 336 396 7
Lao.6Sr0.4Co0.2Fe0803-5 BaZro.7Ce0.1Y0.203-5 Ni-BaZro.7Ceo.1Y0.203-5 111 7
Lao.6Sr0.4Co0.2Fe0s03-5 BaZro3Y 02035 Ni-BaZrosY0.203-5 102 7
Smo.5Sr0.5C003.6-Ceo.8Smo.203- BaZro3Y 02035 Ni-BaZro.1Ceo.7Y0.203-5 55 70 8
Lao.6510.4C00.2Fe0.803-5- BaCe0.7Z10.15Y0.15035 | Ni-BaCeo.7Zr0.15Y0.1503-5 ~190 ~260 9
BaCe0.7Zr0.15Y0.1503-5
BaZro.1Ce0.7Y0.203-5- BaZro.1Ce0.7Y0.203- Ni-BaZro.1Ce0.7Y0.203-5 445 598 10
Smo.5Sr0.5C003-5
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Figure S2. Durability test of the PCC cell at 200 mA cm 2 and 650 °C in fuel cell mode with

wet hydrogen on the fuel electrode side and wet air on the oxygen electrode side.
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Figure S3. Simulated Nyquist plot of impedance spectra for the circuit containing n (RQ);

elements.

Note S1

Typically, in Nyquist plots (Figure S3) of SOCs with YSZ electrolyte which is a pure oxygen
ion conductor, the first x-axis intercept at the high frequency regime could be considered as
ohmic resistance (Rq), which normally arises from the bulk resistance in electrolyte, while the
intercept of the squashed arcs in between corresponds to the polarization resistance (Rp), which
is related with the electrochemical reaction in both fuel electrode and oxygen electrode. In PCC
cells, however, the existence of electronic conduction through the electrolyte makes the real

polarization resistance (Ry,r) different from the apparent polarization resistance (R;). Therefore,



the electronic resistance (Re) was introduced parallelly into the equivalent circuit shown in
Figure 3a. At the high frequency intercept, the polarization capacitance could be assumed to be

short-circuited. Hence, Rq representing the apparent ohmic resistance is given as
ReRi
¢ RAR;

(1)

where Re and R; indicate electronic resistance and ionic resistance in the electrolyte. At lower
frequencies, the polarization resistance contributes to the impedance and the total resistance (R¢)
can be expressed as

R.(Ri+R,,)

— Pt/ 2
RA(RAR,,) ’ 2)

t

where Rp; represents the real polarization resistance under the influence of electronic

conduction through electrolyte. Since R. can be expressed as

R, = R 3
e ) VOC ) ( )
-V

where Voc and Vn are the measured open circuit voltage and computed Nernst voltage,

respectively.!! Consequently, the average ionic transference number (t;) and R; can be expressed

and calculated by
R, Ro . Voc
tt=—=1-—(1-——) , 4
R
Ri=—— . (5)

Substitution of equation (3) and (4) into (2), the real polarization resistance can be calculated
based on Ry, Rq and t;, as expressed below

__Ro(RRp)
Pt [t R—(R-Rg)]

(6)

In practical resistance analysis, there will be more than one RQ element required in the
equivalent circuit based on the physico-chemical processes as shown in Figure 3b. The real

polarization resistance (Rp,.i) for each (RQ); element can be calculated as well by using equation

(6).



Table S2. Electrochemical characteristics of representative PCC cells at OCV in fuel cell mode.

T R: Ro Ry Ror R R. t
°C Qcm?> Qcm? Qcm? Qcem® Qcm? Qcm?

500 2.460 0.823 1.637 1.673 0.827 153.999  0.995 0.005
550 1.131 0.569 0.562 0.585 0.577  42.021 0.986 0.014
600 0.615 0.421 0.194 0.209 0.434 14.589 0.971 0.029
650 0.397 0.322 0.075 0.085 0.340 6.092 0.947 0.053
700 0.287 0.250 0.037 0.045 0.273 3.014 0.917 0.083

Table S3. Comparison of the PCFC with BGLC587-BZCY 541 oxygen electrode at 600 °C in

this study with the best performance PCFCs using different proton conducting electrolytes.

Air electrode Electrolyte Fuel electrode PPD Ra Re Ref.
BGLCS587-BZCY541 BaZrosCeo04Y0.103-5 Ni- 403 | 0.421 | 0.194 | This
~12 um BaZro.5Ce0.4Y0.103-5 work
NBSCF BaZro.1Ceo.7Y0.1Yb0.103-5 Ni- 690 | 0.128 | 0.283 | 12
~15 pm BaZro.1Ceo.7Y0.1Yb0.103-5
PBCC BaZro.1Ce0.7Y0.1Yb0.103-5 Ni- 1060 | ~0.1 | ~02 |1
~10 pm BaZr.1Ce0.7Y0.1Yb0.103-5
PBCFN BaZro.1Ce0.7Y0.1Yb0.103-5 Ni- 723 | ~0.15 | ~0.28 | 1
~10 pm BaZro.1Ce0.7Y0.1Yb0.103-5
BSCF BaCeo.55Z103Y0.1503-5 Ni- 1302 | 0.09 | 0.09 | P
5 um BaCeo.55Z103Y0.1503-
LSC BaZro35Y0.1503-5 Ni- 740 | ~0.1 ~0.15 | 16
(Pulsed laser deposition) | ~2 pm BaZross Yo 15035
(Pulsed laser deposition)
LSC BaCeo.55Z103Y0.1503-5 Ni- 1100 | ~0.06 | ~0.23 | V7
(Pulsed laser deposition) | ~1 pm BaCeo.55Z103Y0.1503-5
(Pulsed laser deposition) (Pulsed laser deposition)

NBSCF=NdBao 5Sr0.5Co1.5sFe0.505+s;

PBCC= PrBao.sCa0.2C020s5+s;

PBCFN= PrBaCo1.6Fe0.2Nbo.2Os+3;

BSCF= Bao.5Sro.5Co0.8Fe0203-5;

LSC=Lao.6Sr0.4Co03-5;



Note S2

Table S3 summarizes some of the best PCFC performances published in recent years. The
relatively high ohmic losses of our BZCY541 electrolyte could be explained by the Zr-rich
phase of the material compared to those of the other cells in this table. However, the low

polarization resistance is still competitive.

Table S4. Comparison of the PCC cell with BGLC587-BZCY 541 oxygen electrode in steam

electrolysis mode at 600 °C with PCC cells from previous studies.

Air electrode Electrolyte Fuel electrode Air  electrode | Current Ref.
gas density at
composition 13V (A
cm?)
BGLC587-BZCY 541 BZCY541 Ni-BZCY541 Air (30% H,0) —0.650 This
work
Lao.6Sr0.4C002Fe0.s03-5- BaZrosY0203-5 Ni-BaZrosY0203-s Air (3% H,0) -0.053 18
BaZro3Y 02035
Smo.58r0.5C003-5- BaCeo.5Zr03Y 02035 Ni-BaCeo.5Zr03Y 02035 Air (50% H0) -0.190 19
BaCeo.5Zr0.3Y0.203-5
SraFe1.sMo0.506-5- BaZrosY0203- Ni-BaZrosY0203-s Air (3% H,0) -0.210 20
BaZro3Y 02035
PraNiO4+5- BaZro2Ceo.6Y 0203 Ni-BaZro2Ceo.6Y0203-5 Air (40% H,0) -0.600 21
BaZro2Ceo.6Y0.203-5
SrEuzFe1.8C00.207-5- BaZrosCeo3Y0203-5 Ni-BaZro.5Ce03Y0.203-5 Air (10% H0) -0.350 2
BaZro.5Ce0.3Y0.203-5
Sr2.8La0.2Fe207-5 BaCeo.5Zr0.3Y0203-5 Ni-BaCeo.5Zr03Y0203-5 Air (20% H,0) -0.460 2
Lai2SrosNiO4 BaCeo.7Zr0.1Y0.203-5 Ni-BaCe0.7Zr0.1Y0.203-5 Air (20% H,0) -0.420 24
Pr1.2Sr0.sNiO4 BaCeo.7Zr0.1Y0.203-5 Ni-BaCe0.7Zr0.1Y0.203-5 Air (20% H,0) -0.350 24
(PrBaosCa02)095C02065 | BaCe0.4Zro.4Y0.1Ybo.103-5 | Ni- 02(20% H,0) -0.720 25
BaCeo.4Zr04Y0.1Yb0.103-5
PrBag sCa02C0206-5 BaCe0.4Zr04Y0.1Ybo.103-5 | Ni- 0,(20% H0) -0.505 25
BaCe0.4Zr0.4Y0.1Yb0.103-5




Table S5. Electrochemical characteristics of representative PCC cells at OCV in steam

electrolysis operation.

T Rt RQ Rp Rp T R] Re

°C Q cm? Q cm? Q cm? Q cm? Q cm? Q cm?

500 3.117 0.975 2.142 2.196 0980 166.678 0.994 0.006

550 1.554 0.617 0.937 0.965 0.622  73.926  0.992 0.008
600 0.809 0.464 0.345 0.362 0473 26481  0.982 0.018
650 0.514 0.355 0.159 0.170 0.365 13.053  0.973 0.027

700 0.385 0.279 0.106 0.118 0.292 6.397 0.956 0.044

Table S6. Electrochemical characteristics of representative PCC cells at OCV in steam

electrolysis operation at different steam concentrations mixed with air on the oxygen electrode

side.
szO Voc Ve R Ro Rp Rp,r R; Re ti te
atm \Y \Y Qcm®> Qcm? Qcm? Qcm? Qcm®> Qcm?

0.05 0998 1.055 0.744 0437 0308 0335 0451 13918 0.969 0.031
0.1 0982 1.028 0.778 0.430 0348 0374 0440 17.334 0975 0.025
0.3 0954 0982 0.832 0422 0410 0427 0428 2998 0986 0.014
0.5 0930 0.956 0.860 0422 0438 0456 0428 31.621 0.987 0.013

0.7 0914 0.934 0905 0418 0487 0502 0422 42410 0.990 0.010
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Figure S4. Imaginary impedance spectra of the cell measured with various H>O concentrations
(5-70%) mixed with air at OCV.
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Figure S5. Electrochemical impedance spectra of the PCC cell with BGLC587-BZCY 541
oxygen electrode measured at various electrolysis voltages with humidified 20% H2-80% N>

and 30% H20-70% air supplied to the fuel and oxygen electrode, respectively.

Table S7. Analysis of the impedance spectra at various electrolysis voltages for steam
electrolysis at 600 °C.

\Y Qcm? Qcm? Qcm? Qcm? Qcm? Qcm?

ocv 0.809 0.464 0.345 0.362 0473 26481  0.982 0.018
OCV+0.1  0.650 0.449 0.201 0.228 0.473 8.959 0.950 0.050

OCV+0.2  0.522 0.420 0.102 0.133 0.473 3.768 0.889 0.111
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Figure S6. Gaseous atmosphere dependence of I-V curves of BGLC587-BZCY 541 oxygen

electrode cells at 600 °C. I-V curves as a function of H>O partial pressure (pH20) (a) and O>

partial pressure (pO>) (b). The mixed gas was balanced with N> on the oxygen electrode side.



Table S8. Composition of high-performance PCECs and their faradaic efficiency determined

by gas analysis in steam electrolysis operation.

Cell configuration: Gas composition Current nre at voltages or | Ref.
Air electrode Oxygen electrode Fuel electrode density at | current densities
Electrolyte 13V

fuel electrode (A cm?)

BGLC587-BZCY541 70%H20/Air 20%H2/N: -0.70 68% at—0.8 A cm™ This
BZCY541 (3%H20) (600°C) | 75%at-04 Acm™ work
Ni-BZCY541 (600 °C)
BGLC587-BZCY541 30%H20/Air 20%H2/N: -0.71 60% at —0.8 A cm™ This
BZCY541 (3%H20) (600 °C) 70% at —0.4 A cm™ work
Ni-BZCY541 (600 °C)

PBSCF 3%H20/Air 5%Ha/Ar -1.30 ~48% at—1.3 Acm? | 26
BZCYYb4411 (600 °C) (600 °C)

Ni-BZCYYb4411

PBCFN 3%H20/Air 3%H20/H> -2.15 ~43% at—-1.0 Acm? | 1
BZCYYbl711 (650 °C) (650 °C)

Ni-BZCYYb1711

PBCC 30%H20/Air 3%H20/H2 —-1.351 ~83%at 1.3V 13
BZCYYbl1711 (600 °C) (600 °C)

Ni-BZCYYb1711

SLF 20%H20/Air 3%H20/H2 -1.08 ~25%at-03 Acm? | 2
BZCY352 (700 °C) (700 °C)

Ni-BZCY352

SLF 20%H20/Air 3%H20/H> —0.46 - 2
BZCY352 (600 °C)

Ni-BZCY352

PNC 15%H20/Air 5%Ha/Ar -0.81 ~80% at 1.3V 27
BZCYYb4411 (600 °C) (600 °C)

Ni-BZCYYb4411

BCFZY-BZCYYb4411 10%H20/Air H> - ~75% at—0.5 Acm? | 28
BZCYYb4411 (550 °C)

Ni-BZCYYb4411

BCFZY-BZCYYb1711 20%H20/02-N2 Ar —-1.10 ~99% at-1.1 Aem? | 2
BZCYYbl1711 (600 °C) (600 °C)

Ni-BZCYYDb1711

BCFZY-BZCYYbl1711 10%H20/02-N2 Ar -1.10 ~85% at—1.1 Acm? | 2
BZCYYb1711 (600 °C) | (600 °C)

Ni-BZCYYDb1711

BCFZY-BZY20 20%H20/02-N> Ar —-0.90 ~50% at -0.9 Acm? | 2
BZY20 (600 °C) | (600 °C)

Ni-BZY20

PBSCF= PrBao.5Sr0.5Co1.5Fe0.505+5; PBCFN= PrBaCo1.6Fe02Nbo.2Os+5; PBCC=PrBao.sCao.2C0205+5; SLF= Sr2.8Lao2Fe207-5

10




PNC= PrNio.5C00.503-5; BCFZY= BaCoo.4Fe0.4Z10.1Y0.103-5; BZCYYDb4411=BaZro4Ce0.4Y0.1Yb0.103-5;
BZCYY1711=BaZr.1Ce0.7Y0.1Ybo.103-5; BZCY352= BaZro3Ceo0.5Y0.203-5; BZY20=BaZro3CeY0.203-5

Note S3.

High-temperature solid oxide electrolyzers based on oxygen ion conductors can reach electrical
efficiency of 100% at thermoneutral voltage, that is ca. 1.3 V, which corresponds to practical
use cases of the technology for industrial hydrogen production. Table S8 summarizes some of
the high-performance fuel electrode supported PCEC in steam electrolysis operation and their
faradaic efficiency determined at ~1.3 V. Some of the current density values at 1.3 V listed in
Table S8 were estimated based on the polarization curves from the given references. The
faradaic efficiency measured at voltages far below 1.3V or at comparatively low current
densities (less than 400 A cm™) in literature was excluded in the Table S8, due to the lack of
significance for practical usage of the technology. The faradaic efficiency value was
comparatively low and demonstrated that more than 50% of the applied current was lost by the
electronic leakage. This is detrimental for the energy conversion efficiency. Therefore, it is
crucial for the development of high-performance PCEC to achieve high faradaic efficiency

values at high current densities of ~1.3 V.

Note S4. DRT analysis

To elucidate the reaction kinetics in the oxygen electrode for steam electrolysis, the distribution
of relaxation times (DRT) analysis and equivalent circuit model (ECM) fitting were performed
based on the electrochemical impedance of the full cells with BGLC587-BZCY541 oxygen
electrodes. The different impedance spectra were recorded with the variation of pH>O and pO.,
accordingly, on the oxygen electrode side. To identify the specific contributions from the
relevant processes to the impedance spectra, gas partial pressure variations can help. For
example, when EIS measurements are compared where only pH>O or pO; were changed, the
differences in the spectra should be related to the changes on the oxygen electrode side.
Furthermore, the change of R, with pH>O or pO> can give mechanistic in insights into the nature
of rate-limiting elementary kinetic step. If a single elementary reaction is the rate determining
step, the dependence of the separated process in the impedance on pH>O and pO- should allow
for its assignment to an elementary step based on a comparison with the kinetics formulated by

the law of mass action.
11



Table S9. Electrochemical characteristics of representative PCC cells under OCV condition in

steam electrolysis operation with various pH>O and pO> on oxygen electrode side.

pHO0 pO2 Voc Vg Rt Ro Rp Rp.r Ri Re ti te
atm  atm AV AV Qcm? Qem?> Qem®> Qcem? Qcem?> Qcem?
0.05 0.2 1.000 1.055 0.701 0407 0.294 0320 0420 13.450 0970 0.030
0.1 0.2 0989 1.029 0.707 0399 0.308 0327 0408 18.186 0.978 0.022
0.3 0.2 0967 0987 0.722 0394 0.327 0338 0399 35614 0989 0.011
0.5 0.2 0953 0968 0.736 0383 0353 0362 0386 47.528 0992 0.008
0.3 0.1 0953 0974 0.801 0402 0399 0412 0406 37.141 0989 0.011
0.3 0.2 0965 0987 0.728 0.392 0.335 0.347 0.397 32.639 00988 0.012
0.3 04 0976 1.000 0.668 0385 0.282 0293 0391 27.825 0986 0.014
0.3 0.7 0984 1.011 0626 0376 0250 0.261 0383 23443 0984 0.016
L1 RO R2 R3 R4
(LA VAVA —t ;\ N — t ;\ D e
CPE1 CPE2 CPE3 CPE4
r— > > > r—

Figure S7. The equivalent circuit model proposed with the fitting on impedance spectra of

PH>0 and PO> variations in oxygen electrode.

Note S5.

The curved lines of the Nyquist plots (Figure 5a and 5b) in the high-frequency region indicate

the influence of parasitic inductance in the test rig.>° The typical values of L are 107'~107¢ H.

A practical way to eliminate such influences is to use low-inductance cables by twisting the

wires between the test rig and measurement device. In our study, due to the fixed configuration

of the commercial test rig, twisting the wires is only possible to a limited extent. In order to

model the effect from inductance, the introduction of an inductance element to the fitting model

is indispensable.

12



Table S10. Fitting data of the impedance spectra with variation of pH>O (a) and pO. (b) at OCV
and the temperature of 600 °C.

H,O dependence / atm (pO, = 0.20Py) O, dependence / atm (pH,O = 0.30Py)

0.05 0.1 0.3 0.5 0.1 0.2 0.4 0.7

R1/Qcm?  0.064 0.066 0.067 0.069 0.094 0.086 0.091 0.084

C1/F cm™ 1.1 x 8.9 x 9.3 x 6.9 x 7.9 x 7.3 x 7.3 x 7.2 x
10 107 107 107 107 107 107 107
R2/Q cm? 0.061 0.076 0.100 0.126 0.120 0.100 0.073 0.061

C2/F cm™ 7.1 x 6.2 x 5.8 x 4.5 x 6.3 x 6.3 x 9.8 x 9.5 x
10~ 10 10 10 10 10 107 107
R3/ Q cm? 0.058 0.057 0.058 0.060 0.070 0.059 0.046 0.035

C3/F cm™ 1.7 x 1.6 x 1.7 x 1.7 x 2.1 x 2.0 x 3.2 x 3.0 x
102 102 102 102 1072 1072 102 102
R4/Qcm?  0.111 0.109  0.103 0.100 0.115 0.090 0.073  0.070

C4/F cm? 2.4 x 2.3 x 2.4 x 2.4 x 2.4 x 2.9 x 4.1 x 4.5 x
107! 107! 107! 107! 107! 107! 107! 107!

Table S11. Polarization resistances of the PCC cells with BGLC587-BZCY541 oxygen
electrode at OCV and various pH>O and pO- on the oxygen electrode side.

pH2O pO2 Rp, 1 Rp,2 Rp,3 Rp,4 Rp,r, 1 Rp,r,2 Rp,r,3 Rp,r,4

atm atm Qcm? Qcm? Qcm? Qcm? Qcm? Qcm? Qcm? Q cm?

0.05 0.2 0.064  0.061 0.058 0.111 0.068 0.066 0.063 0.123

0.1 0.2 0.066  0.076 0.057 0.109 0.069 0.080 0.061 0.117

0.3 0.2 0.067 0.100 0.058 0.103 0.069 0.103 0.060 0.107

0.5 0.2 0.069 0.126 0.060 0.099 0.070 0.129 0.061 0.102

0.3 0.1 0.094 0.120 0.070 0.115 0.096 0.123 0.073 0.120

0.3 0.2 0.086 0.100 0.059 0.090 0.089 0.103 0.061 0.094

0.3 04 0.091 0.073 0.046 0.073 0.094 0.076 0.048 0.076

0.3 0.7 0.084 0.061 0.035 0.070 0.087 0.064 0.036 0.073

13
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Figure S8. Arrhenius plot of different resistances (R1, R2, R3 and R4) derived from impedance
spectra and the corresponding activation energy with (wet) 20% H>-80% N> on the fuel
electrode side and 30% H20-70% air on the oxygen electrode side.

Table S12. Reaction models for elementary reaction steps at oxygen electrode for water

splitting in proton conducting ceramic cells.

Step Elementary reactions
Step 1 H20(g) — H20(ads)
Step 2 H,O(ads) — O*" (ads) + 2H"(surface, electrode)

Step 3 H*(surface, electrode) — H'(interface, electrode)

Step 4 H'(interface, electrode) — H(electrolyte)

Step 5 0% (ads) — O (ads) + ¢~
Step 6 20 (ads) — 0%~ (ads)
Step 7 03~ (ads)— Ox(ads) + 2¢~
Step 8 O2(ads) — O2(g)
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Figure S9. Nyquist impedance plot (a) and DRT deconvolution results (b) of PCCs with BGLC

oxygen electrode and BGLC-BZCY composite oxygen electrode at OCV and 600 °C with (wet)
20% H»-80% N> on the fuel electrode side and 30% H>0-70% air on the oxygen electrode side.

Table S13. Fitting data of the impedance spectra of PCCs with BGLC oxygen electrode and
BGLC-BZCY composite oxygen electrode at OCV and 600 °C with (wet) 20% H2-80% N> on
the fuel electrode side and 30% H>0-70% Air on the oxygen electrode side.

Oxygen Rl Cl R2 C2 R3 C3 R4 C4
electrode Q cm? Fem?  Qcom? Fem?  Qcem? Fem?  Qcem? Fcm™
BGLC 0.168 7.2x107 0.248 8.3x10™* 0.440 9.9x107% 0.461 1.4x1072
BGLC-  0.080 9.7x107 0.082 8.1x10™* 0.087 1.0x1072 0.128 1.5x107!
BZCY

15



0.010

- —ocv
6ou ¢ —— OCV+0.1V
0.008 ——OCV+0.2V
NE P1
G 0.006 -
i P4
—
E0.004- s b
£
0.002 -
0.000 -
107" 100 102 10° 10* 10°
Frequency / Hz

Figure S10. DRT deconvolution results of PCCs with BGLC-BZCY composite oxygen
electrode at different voltages (OCV, OCV + 0.1 V and OCV + 0.2 V) and 600 °C with (wet)

20% H2-80% N2 on fuel electrode side and 30% H20-70% Air on oxygen electrode side.
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Figure S11. (a) Long-term stability of voltage evolution at 600 °C and a fixed current density
of -0.8 A cm™ with 20% H> mixed with 80% N in fuel electrode and 30% H>O mixed air in

the oxygen electrode. (b) Electrochemical impedance spectroscopy of the cell before and after

62 h operation.
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Figure S13. EDX elemental mapping of the cell after 366 h operation for steam electrolysis.
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