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Abstract: Solid oxide cell (SOC) has attracted extensive attention in recent years due to its high-efficiency clean
power generation capability in fuel cell (SOFC) mode and excellent hydrogen production and energy storage potential
in electrolysis cell (SOEC) mode. Conventional SOC typically employs pore-forming agents such as graphite or
carbon powder to fabricate porous electrode supports. This approach results in disordered pore distribution and

complex pore structure, leading to high tortuosity factor. Particularly under conditions of dilute fuel or high current
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densities, these factors cause concentration polarization, limiting further performance improvements. To address these
challenges, application of straight-pore structures has shown significant progress. The ordered pore channels in this
structure enhance gas diffusion and transport, reduce concentration polarization, and improve the impregnation
efficiency of electrode materials while increasing the utilization of active sites, thereby significantly boosting the
electrochemical performance of SOC. This review systematically summarizes recent advancements in the preparation
techniques for straight-pore structured SOC. It details the pore-forming mechanisms, process characteristics, and
applications of key technologies (phase inversion, freeze-drying and alginate ion gelation) in both planar and tubular
SOC configurations. Furthermore, it provides an in-depth analysis of how the straight-pore structure enhances
performance in both SOFC mode (hydrogen and hydrocarbon fuel adaptability) and SOEC mode (conventional
H,0/CO, electrolysis and fuel-assisted electrolysis), elucidating the underlying mechanisms. Despite the great
potential demonstrated by straight-pore structures in SOC, comprehensive reviews focusing on their fabrication
techniques remain scarce. This paper aims to consolidate the latest progress in straight-pore SOC preparation
technologies, analyze their technical advantages and existing challenges, and propose future research directions.

Key words: solid oxide cell; straight-pore structure; fabrication technology; electrochemical performance; review
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Tablel Comparison of advantagesand disadvantages of various preparation techniques

Type Fabrication technique Technical advantages Limitations
Stamlgss stgel mesh-assisted Simple removal of skin/sponge layer Difficult mass-production; Mechanical weakness
phase inversion
Phase inversion tape casting High co'ns1.stency; Su.1tab.1e for M85 poor consistency; Sponge layer removal difficulty;

production; Low cost; High porosity .

method o Mechanical weakness

Pl and permeability

anar

Membrane formed without post-
High porosity

Freeze-drying method processing;

permeability

Alginate ion gelation method

Simple operation; Low cost

High process complexity; High cost; Being only
suitable for producing thick films (>3 mm);
Mechanical weakness

Difficult commercialization;
functional layer thickness

and

Relatively large

Phase inversion combined with

extrusion technology
Tubular ) ) ) )
Phase inversion combined with

dip coating

operation

Suitable for mass production; Simple

Simple operation; Low cost

Small pore size; Difficult current collection

Difficult mass-production; High cost

Mold
Water /'l”k

il
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Time
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Fig. 4 (a) Schematic diagram of stainless steel mesh-assisted phase inversion method for preparing dendritic fuel electrode

supports, along with SEM images of (b) top substrate, (c) bottom substrate, and (d) substrate surface
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Fig. 8 (a) Schematic diagram illustrating the formation process of a straight-pore fuel electrode support; (b, c) SEM images of
(b) transverse cross-section and (c) longitudinal surface of unreduced straight-pore NiO-YSZ fuel electrode support!®?)
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Fig. 11

(a) Typical manufacturing process of tubular straight hole structure SOFC prepared by phase transformation

impregnation process®; (b) SEM image of the cross-section of a tubular straight hole SOC®
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