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Figure S1. (a) Particle size distributions after a two-step calcination process at 900 and 1200

°C and subsequent ball milling of the precursor powders. (b) BaZr( 44Ceg36Y 02035 powder

(c) SrZry5Ce04Y 1055 (SZCY541) powder

Table S1. A comprehensive summary of the tape-casting parameters, adjusted casting speed,

and blade gaps utilized for the fabrication of the half-cells.

Layer Blade Casting Drying Green End fired Investigation
gap speed time [h] thickness[pum] | thickness[pum]
[pm] [mm/s]
Electrolyte
Electrolyte 1 70 5 5 154 ~10 Half-cell
Electrolyte 2 65 5 5 13.4 ~8 Half-cell
Substrate and functional layer (CFL)
CFL 40 10 5 10 ~8 Half-cell
Substrate 1200 2.5 ~10-12 | 602 ~450-520 Half-cell




Table S2. Summary of the components utilized to formulate the ceramic protonic slurry for

tape casting.

Slurry Powder Pore Solvent Dispersing Binder

components Former Agent

Materials BaZry44Ceo36Y0203-5 Potato Ethanol/MEK | Nuosperse FX | PVB-98
NiO-SrZry5Ce04Y0.105-5 | starch 9086

Plasticizer + Plasticizer Type I

+ Plasticizer Type II

Solusolv S-2075 PEG 400

Temperature

A))iLICH

Figure S2. a) Sequentially cast and cut out BaZrg 44Ce(36Y(.03-5, green tapes, consisting
of a thin BaZr( 4,Ce36Y 02035, electrolyte layer and a NiO-SrZr;5Ceo4Y (1055 functional
and substrate layer b) Temperature program applied for sintering the planar half-cells in the

present study. (c) Typical 5 x 5 cm? half-cells after sintering with the air electrode applied.
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Figure S3. Shrinkage behavior comparison of BaZrj44Ceg36Y0203-5,|NiO-
BaZr44Ce36Y0203-5, and BaZrp44Ceg36Y0203-5,|NiO-SrZrpsCe4Y (1055  bi-layers
determined by optical dilatometry, Schematic illustration of strontium ions streaming
towards the electrolyte layer and possible assisting densification of BaZrj44Ceo36Y 02035,

electrolyte.
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Figure S4. SEM image of BaZr(44Ceg36Y0203-s surface on a) NiO-BaZrj 44Ceo36Y 02035,
electrode and on b) NiO-SrZrysCe4Y (1055 after sintering at 1350 °C/5h. (c¢) SEM image
of a polished cross-section of the BaZr 44Ceg36Y 0203-5 / StZry5Ce4Y103.5 half-cell and

the corresponding EDS elemental maps of Ba, Zr, Ce, Y, Sr, and Ni after sintering at 1350
°C/5h.
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Figure S5. Photograph images of some of the as-fabricated 50 x 50 mm? planar

BaZrg44Ceg36Y 02035, based complete cells with a 1600 mm? steam electrode, on NiO-
StZry5Cep4Y 01035 substrate (b) The microstructure, post cell measurement (¢) HADDF

image of Bag sLaj ;CoOj; electrode after firing at 800°C.

S-6



a) L8 T T T T b) GE 500 T T T T T T T
N 16 [ o ® Theoretical o ]
>t g5 400F ® 600°C p / i
fSh 1.4 - E i ¢ 500°C >
_g' 1.2 i % 300 / "o 83.6% i
= L0 = 200 & .
2 sl 8 . |
E 0.8 = 100} ‘(‘90,4% J
= 06 4———T—T 771 S »
00 06 12 18 24 3.0 36 ;N 000 : Olﬁ , 1'0 , llﬁ ; ?'0
) Current density (A cm™) " Cumrent deusiry /(A ciﬁ'z) .
S 12 1.08V 1.06 V, & 350 P e
- ' i = rem= + Theoritical -
gﬂ 1.0 -g 300 < BZCY44362/NiO-BZCY44362 ]
o i R= I " .
= g 250 -
S 03 =200 R
> : £ 200 - J > -
5 0.6 SN c o
5 | o 150 6 o -
. - o~ g L4 -
O 04 = 100 ‘O/O -
= 8
& 0 2 E 50 = 6 =
o S A<
Z 0\( N 1 " | " | L 1 N |
0.0 :“‘ 0 200 400 600 800 1000

Current density /(mAcm?)

Figure S6. [-V characteristic of the as-fabricated BaZrj 44Ce36Y0203-5, steam electrolysis-
based cell on a NiO-SrZr(sCe4Y 1055 substrate and b) the generated hydrogen measured
at 500, and 600 °C on a 22 mm diameter cell. ¢) Reduction profile of the BZCY44362|NiO-
BZCY44362 red and BZCY44362|NiO-BZCY44362 single cell deep blue. d) Hydrogen
generated from BZCY44362|NiO-BZCY44362 based cell
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Figure S7. Peak mappings across the BaZry 44Ce36Y 0203-5,|NiO-SrZr sCe 4Y 01035 half-
cell interface sintered at 1350 °C with a five hours dwelling time, showing the optical image
of the mapped area and all the respective Raman peak positions. The mapped area starts from

the electrolyte above down to the substrate layer
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Figure S8. Peak mappings across the BaZry 44Ce36Y 0203-5,|NiO-SrZr sCe 4Y 01055 half-
cell interface sintered at 1300 °C with a ten hours dwelling time, showing all the respective
Raman peak positions. The mapped area starts from the electrolyte above down to the

substrate layer. The optical image of the mapped area is also shown.

S-9

200

100

300

200

100




Image

200

100

1091 cm~1

1350C 10h 532nm_polishedCS 2400 100X_1s 5p Map 1 TR CRR.wdf

74 cm™!

%

200

299 cm~!

145 cm—1

20 200

40 100

60

469 cm™1
400
300
200

100

899 cm~?! 920 cm™~!

Figure S9. Peak mappings across the BaZry 44Ce36Y 0203-5,|NiO-SrZr sCe 4Y 01035 half-

cell interface sintered at 1350 °C with a ten hours dwelling time, showing all the respective

Raman peak positions. The mapped area starts from the electrolyte above down to the

substrate layer. The optical image of the mapped area is also shown.
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Figure S10. Line averaged Raman spectra obtained from mapped areas on the polished cross-

section of the BaZrj44Ce(36Y0.203-5,|N1O-SrZr 5Cep4Y.105.5 half-cell sintered at 1350°C

for 10 hours also showing the representative optical image
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Figure S11. Line averaged Raman spectra obtained from mapped areas on the polished cross-

section of the BaZr 44Ceg36Y 0203-5,|N1O-SrZr( sCe( 4 Y 0,105 half-cell sintered at 1350°C
and 1400°C for 5 hours respectively.
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Table S3. Comparison of the steam electrolysis performance from this work with some

literature reported results.
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Reference

Cell configuration

BLC| BZCY(54)g/52| Ni-SZCY541

BLC| BSZCY91(54)ss2| Ni-SZCY541
LSCN|BCZY442|Ni-BCZY442
PBCC/BZCYYb1711[Ni- BZCYYb
PBCC-BCC/BZCYYb1711[Ni- BZCY
PBSCF|BZCYYb4411|Ni- BZCY
BSCF-BCZY62|BCZY62|Ni-BCZY
LSC-BZCYbCo| BZCYbCo | Ni-BZCY
SEFC-BCZY35[BCZY35|Ni-BCZY
BCZFY|BZCYYb7211Ni- BZCYYb
PBSCF|BZCYYb411|Ni- BZCYYb
LNF/LN| BZCD(30um)|Ni-BZCD
SSC-BZCY53|BZCY53 | Ni-BZCY53
SSC-BZCY|BZCY442(15um)|Pt
BLC[BZCY(28)52|Ni-SZCY541
BLCBZCY (54)552|Ni-SZCY541
PCNfiber|BZCYYb411Ni- BZCYYb
NBSCF-BCZYYb|BCZY Yb|Ni-BCZYYb

Test condition

Anode gas pressure
(electrolyte thickness)

80% H,0, 1%0, (10um)
20% H,0, 1%0; (12um)
3% H,0, air (24) pm
3% H,0, O, (20) pm
3% H,0, air (10) pm
3% H,0, air (15) pm
2.8% H,0, air (15 um)
30% H,0, 19% 02, 45um
10% H,0/Air(15pum)
20% H,0, 97% air (5um)
3% H,0, 97% air (15um)
3% H,0, 97% air (30um)
50% H,0, 50% air (20um)
20% H,0, air (1.5mm)
20% H,0/1%0, (12pm)
20% H,0/1%0, (12pum)
10% H,0/Air(15um)
10% H,0, air (20pm)

Cathode gas
pressure

1% H, (2% H,0)
1% H, (2% H,0)
97% H, (3% H,0)
100% H,

H, (3% H,0)

97% H, (3% H,0)
50% H, (2.8% H,0)
10 % Hy/He

97% H, (3% H,0)
97% H, (3% H,0)
97% H, (3% H,0)
97% H, (3% H,0)
97% H, (3% H,0)
1% H, (3% H,0)
1% H,- 2% H,0
1% H,- 2% H,0
10% H, (3% H,0)
90% H, (10% H,0

Cell performance

J/Aem™ @ NFex
1.3V .temp/°C | 9,
1.37 (600) 83
0.5 (600) 90
1.09 (600) N/A
0.72 (600) N/A
1.51 (600) N/A
1.92 (600)

1.05 (600) N/A
0.03 (600) 85
0.42(600) 33
1.00 (600) 97
1.31(600 75
0.3 (600) N/A
0.33 (600)

0.04 (600) 70
0.6 (600) 81.5
0.5 (600) 76.8
1.18 (600)

0.75 (600) N/A

Year Ref

this work
this work
202034
20203
20216
20197
20138
2011°
201810
2019
20197
20162
201013
201814
20223
20223
202013
201816

BSZCY91 (54)3/92:BaO.9Sr0‘ IZr0‘44Ceo}36YO.203,5, BZCY(S4)3/92:BaZr0.44Ceo‘36Y0,203,5, LSCN:LaO‘gSI'O.QCOOjNi()_303_5

NFex=Current efficiency, BZY82= BaZr(3Y,03-5, SEM=Sr,Fe; sMog s0¢-5, BZY = BaZry9Y(103-5, BCZYbCo =

BaCe0_4ng0_40Yb0_10C00_020375, BCZD = Baceo_5zr0_3DyO_20375, BCZY81 = Baceo_gzro_lY'o_lOyg}, SDC = Ceo_gsmo_zozfg,

BCZY44 = BaCeoA4Zr0}4Y0AZO375, BCZYZn = BaCe0.5Zr0A3Y0.162n0A04O3,5, BCZY53 = BaCe0‘5ZrOA3Y0.203,@~, BSCF=

Ba()lsSI'().5COU.8F60.203_5, NBSCF= NdBaO.SSr()jCo]45Feo.505+5, LNF/LN= LaNi()l(,Fe()AO}fa / La2NiO4+5
PBC9SZPTBao_gcao_z)o_%C02057,5 N PBCC-BCO= PI'Bao_gcao>2C0205+5—BaCOO375, PBSCF- PrBao_ssr0_5CO1_5Feo_505+,5
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