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Fig. 1 Schematic diagrams of the working principles of (a) solid oxide fuel cells (SOFCs) and (b) solid oxide electrolysis cells (SOECs)
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Fig. 4 Schematic diagrams of the direct current (left) and radio frequency (right) plasma spraying processes!!'%
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SR ] APS il % 7 LSM %, WF70 745511
R, BHAIT % T 22806 LSM B3R5, &
Bl LSM BA R 52 30 2R 285 46 () AR R AN AAAE O AR AR
Ho SRR T BRI B 22 . X ] e
N R R I AN K 2 S BRI E
FEAVR AR IR, D SEaGaREH, 7E23SH 1000 C
1Bk 2 h eg o fem i 2, JAh, —LEREA
i g 3 e A B B AS BT IR AE S APS IR
BT RAG 25 TR AR AR FEFE LSM i 20131181,
i i S ORI FEIE IR SR SO R RLAR AT NIO/YSZ iR
JEEERII A, 3 T D50 KiAR s BN 25.14 40.04
59.7 um [¥) NiO/Y SZ FURiAF %5 85 Wi 1) J5op
K, O HRATEE(A/H). EE(A/N)E RSB
TR, FFFRRIVRAARL TR =, R
Ja5 o 75 0 5 TR R R 2R T 1) P (R A DX 3k 5 A H
MG XIR, BB H #4ESHER, AvH,
HE TR AR ISR B TELE,  FHAR S F Ao )
PR AT 25, Rambert ZEM 7R 50 % B %
F APS Fi AR B4 1) LSM/YSZ & & BRI RE 252
JEURPR AR T Z R . Mirahmadi 25118ER 45
BT BRI YSZ IR, KR IE R TR ing
5%(JT B 73 H0) )R TG 3 R N 25 5O TORRUIBE 1) <
A PSR, 751000 K 5% M 0.88 S-cm!
PErmE 1.14 S-om o FEFTEEIIE 600 CHIILEE R

FE R APS YU T YSZ Hf#R, JFARE TR
TR R AL 5358 348 mm-s™ A1 2709 C, WM
SR E G RIARL T IEAA TR B, Rk i 2>
FEAE RN JZ 7% DS T, 53 g s Al
XOF IR ) 0 2 A A5 A S I UL B2 U R T8 H 34 4L
FEAE

Yuan ZE0204R58 TR LPPS #l4 SOFCs 13X
AT E A B (ScSZ) MR, R B 4 1 A1 2R
B ScSZ My ARIEE B I - B Gy, MM TE pk
FIA], BT . Wang £50205% F ARG 45 5
TR (100~1000 Pa)fE 4@ i BT Z
50 um JEH) ScSZ HLfiEfi =, 45ty NiO-ScSZ|
ScSZ|LSCF HIHLIBAE 750 ‘CLEL T 1112 mW-em2
(I KT %% % . Guo SFU 2 FL T Wik k)1 S5FE B
XoF FEL v FEL AR S AR 45 R R EL AL 2 T BE D R, &5 R
FHAFE 4000 Pa J& /) T il £ 1) ScSZ HLff it i /= FLBR
RN 3.28%, HE—BHil % Ni-GDC|ScSZ|LSCF H&
SERILE 800 “CHRAF 1.008 V FFHHEE K 970 mW-cm2
(15 KN 2% i Guo S 12315 J TEAH RS FHAR 5 A4
ST FH AR (T 5 SR A5 6 2 T ok 25 25 7 W i b A ol
HHMRIUEZ, REHUETTT T BH AR O 5 A4 5
EE M APERE IR, BF LA R BN, RERIRT
IOEI A% 2 T REL RS P8 {56 45 P A o o M B o~ 4, Rt 4
BT A S S K AR T BB 5 AR R 2 [
(P25 GO, XK FRA it F Ak 22 1t B



. 1474 - CREBR R 24410

J Chin Ceram Soc, 2026, 54(4): 1466—1489

2026 4F

2 UM R IR R T R

21 BR-RGRERIZ

2,11 JERE RERIEANRIRIET et DU E H
TR PR & I AR, RT3 I v 5 Hh Al H A
Ty AR R HIGH S 2R E 7 A8 N 770 4 9] DA
WAEBRL 2 BORAS, JFRm R G B Sa

4

Spin coating

HE 5b Aligin SRR B R R, 2 T 2R3
FERA MM, wa BRI s, ERRRRE
JEEARCEH 1~5 um), F2 KEZHERG
HICALREE AR s . T, VIIREER A A R
BRI, Oy 1 e HLAL 5 R AN TS i
PN IEREL, T B A ML 3 e P A TR
Fegt AR , 30 R AR T S i (A B T2

}
(il r
|

Dip coating
(b)

(@
Anode
interlayer Electrolyte Cathode

Anode
support

K5 (g5 ORIREERIRZEL () B UURIR S () =X BEERIF 600 CHALRLG Y YSZ MR ; @ IR IRIER] %)
BRI YSZ HAR TR K 2 S A A (o) B A TE B B (I A Lt A i
Fig. 5 (a) Schematic diagrams of the spin-coating and (b) dip-coating operations; surface morphologies of YSZ thin films after
single (c) spin-coating and (d) triple spin-coating followed by heat treatment at 600 ‘C; (e) overall morphology and (f)
post-test cross-section of the thin YSZ electrolyte film and multi-layer cathode of a tubular cell prepared by dip-coating
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Fig. 7 Schematic diagram of the electrostatic spray deposition
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Doctor blade gap : 30 pm
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(a) First step: multi-layer tape fabrication via co-casting method
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(c) Second step: anode-supported cell fabrication from multi-layer tape
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Fig. 9 (a) Schematic diagram of the tape casting process; (b) formation mechanism of good adhesion and improved interlayer
contact during co-casting; (¢) fabrication process flow of anode-supported cells based on tape casting!84]
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Extended Abstract

Solid oxide cells (SOCs) are core technologies for sustainable energy transition, operating reversibly as solid oxide fuel cells
(SOFCs) to convert chemical energy from fuels like hydrogen and methane into electricity, and as solid oxide electrolysis cells
(SOECs) to store renewable energy via the valorization of carbon dioxide and water. Their performance depends on a multi-layer
structure comprising anode, cathode, electrolyte, and interconnect. The conventional SOCs rely on high-temperature operation mainly
due to the insufficient ionic conductivity of thick electrolyte layers at low temperatures, leading to excessive cell impedance.
Reducing operating temperature is critical for cutting costs, via enabling the use of low-cost metal interconnects, and mitigating
performance degradation, but this requires the fabrication of thin, dense electrolyte films to compensate for reduced conductivity and
protective coatings for Cr-containing interconnects to prevent cathode poisoning. This review represents key thin-film fabrication
technologies for SOCs (focusing on electrolytes and protective coatings), compares their strengths, limitations, and scalability, and
outlines future research directions.

Thin-film technologies for SOCs are categorized into vapor deposition (i.e., chemical vapor deposition, CVD, and physical vapor
deposition, PVD) and liquid precursor coating (i.e., sol-solution processes and colloid-slurry processes) based on phase transition
pathways and energy input methods. Vapor deposition technologies mainly include chemical vapor deposition (CVD) and physical
vapor deposition (PVD). CVD-based technologies form films through the reaction or decomposition of gaseous precursors, featuring
good compositional uniformity and low-temperature film formation. Their derivative technologies realize the preparation of
electrolyte films at medium and low temperatures, some of these technologies can prepare dense electrolytes but suffer from low
growth efficiency, while others combining spray and flame synthesis can significantly optimize the electrode-electrolyte interface
performance and reduce cell polarization impedance. Atomic Layer Deposition (ALD) achieves atomic-level thickness control
through pulsed precursor supply, and when used for electrode modification or interlayer preparation, it can effectively enhance the
performance of low-temperature batteries and improve stability. PVD-based technologies form films through physical processes in
vacuum or low-pressure environments, and can prepare low-defect eclectrolyte films or interconnect protective coatings on
low-temperature substrates, effectively solving the problem of chromium volatilization, some technologies can accurately deposit
multi-component stoichiometric films, and the prepared batteries show excellent long-term stability. Plasma spraying technology can
realize direct film formation without sintering, and the density of electrolytes can be significantly improved after optimization, but it
is necessary to solve the defect problems during film formation.

Liquid precursor coating technologies are divided into sol-solution coating processes and colloid-slurry forming processes, both
of which have the characteristics of low equipment cost and simple operation. Sol-solution processes include spin coating, dip coating,
spray pyrolysis, and electrostatic spray deposition. Dense electrolyte films can be prepared through multiple coatings and subsequent
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treatments, and the thickness of functional layers can be accurately controlled to effectively optimize the interface conduction
performance of batteries. Among them, electrostatic spray deposition combines high-voltage electric field and pyrolysis, enabling film
formation at lower temperatures and improving electrode polarization characteristics. Colloid-slurry processes, mainly screen printing
and tape casting, are the mainstream technologies for large-scale production. Screen printing forms films via scraping slurry, and the
preparation temperature of functional layers can be effectively reduced and the battery performance can be improved through process
optimization. Tape casting technology and various derivative technologies can produce wide ceramic tapes, which realize the mass
production of high-performance batteries and construct gradient porous structures to further optimize mass transfer and interface
bonding inside batteries.

A comprehensive comparison of these technologies reveals clear trade-offs. Low-cost, scalable options such as screen printing,
tape casting, spin coating, and dip coating are preferred for industrialization due to simple equipment and low material costs, but they
require optimization of slurry formulations and sintering processes to minimize defects like cracks and pores. High-performance,
high-cost technologies (i.e., ALD, PLD, and low-pressure plasma spraying) deliver superior film density and composition control, but
they are constrained by slow deposition rates, high equipment investment, or complex parameter tuning, limiting their use to
specialized applications like ultra-thin electrolytes. Emerging technologies such as 3D printing and laser-assisted manufacturing show
a promising potential for fabricating complex structures and simplifying co-sintering, but they lack the technical maturity for
large-scale SOC production.

Summary and Prospects In summary, SOCs thin film preparation technologies can form a diversified system, but some common
challenges remain. Although vapor-phase technologies have excellent performance, they generally face high equipment costs and
great difficulty in scaling up. Liquid-phase technologies are prone to film cracks or pores due to drying and sintering stress. Future
research should focus on three core directions, i.e., 1) promoting intermediate and low-temperature operation, further expanding the
low-temperature application range of batteries through interface regulation and film formation process optimization; 2) pursuing high
performance, developing three-dimensional structured films to expand reaction interfaces and improve mass transfer and catalytic
efficiency; and 3) accelerating commercialization, optimizing low-cost preparation processes combined with intelligent manufacturing
technologies, and breaking through the key technical bottlenecks of new film formation technologies. Thin film preparation
technology will continue to be a core breakthrough to solve the high-temperature dependence and performance attenuation of SOCs,
promoting their transition from laboratory research to commercial application.

Keywords solid oxide fuel cells; solid oxide electrolysis cells; thin film fabrication technologies; electrolyte; protective layer





