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Abstract: In this study, we fabricated electrolyte tubes of 3% yttria-stabilized zirconia (3YSZ)
with a precisely controlled thickness of 88 um through a synergistic fabrication approach that
combines cold isostatic pressing (CIP) with centerless grinding. The resulting electrolyte tubes
exhibited high mechanical strength, achieving a fracture load of 56.64 MPa, significantly
surpassing the 20 MPa threshold required for stack assembly, thereby demonstrating
exceptional structural integrity. The thickness of the electrolyte layer is approximately (88.0
3.5) um, representing a reduction of about 40% compare to the 20 ym typically used in
conventional electrolyte-supported solid-oxide fuel cells (SOFCs); we expect this to lower the
ohmic resistance and improve the overall performance of the cell. Scanning electron
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microscopy and energy-dispersive X-ray spectroscopy analyses reveal the uniform distribution
of zirconium (Zr) and yttrium (Y) in the YSZ electrolyte layer and at the interface. Optimized
CIP and gradient-sintering processes increased the length of the triple-phase boundary,
suppressed side reactions and crack formation, and significantly enhanced ionic transport
kinetics and structural stability. Building on this mechanical reliability, we precision machined
cross-shaped grooves at both ends of the electrolyte tubes, and we employed silver paste
combined with silver wires as the interconnect to construct a twin-tube series SOFC unit. This
design not only ensures robust mechanical anchoring but also facilitates efficient current
conduction through a ring-shaped silver-wire current collector, thereby enhancing overall
electrical continuity. The experimental characterizations revealed that when operated at 900°C
under a hydrogen (H,) atmosphere, the series-connected unit achieved an open-circuit
voltage of 2.01 V and attained a peak power output of 1.92 W, with performance metrics
nearly doubling those of a single-cell counterpart. Furthermore, under a sustained constant
voltage of 1.3 V, the series-connected twin-tube assembly underwent a rigorous 60-hour
discharge test, during which the current density remained remarkably stable at approximately
120 mA/cm’ without discernible performance degradation. This shows that the series structure
has excellent electrochemical-process stability during long-period discharges. By integrating
experimental measurements with three-dimensional multiphysics numerical simulations, we
achieved visualization of the internal current density, gas distributions, and diffusion
streamlines. These analyses clearly revealed the complete current-conduction pathway
through the cross-groove and annular structures and confirmed the uniformity of the reaction
zones and mass-transport characteristics. The close agreement between the simulation
results and the experimental results validates the effectiveness of the proposed series-
connection design. In this work, we not only have proposed a novel tubular SOFC series
configuration but also have provided mechanistic insights through multiphysics modeling, offering
a critical foundation for the optimization of high-performance solid-oxide fuel-cell systems.

Keywords: tubular SOFC; electrolyte-support; series-connection; numerical analysis
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Fig. 1 (a) Detailed view of the end faces of the YSZ
tubes; (b) Ag-GDC/YSZ/Ag-GDC single cell; (c) Twin-
tube series-connected SOFC; (d) The cross-section
microstructure of a single cell
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Fig. 2 (a) Cross-sectional SEM image of the cathode/

electrolyte/anode; (b)—(f) SEM-EDS elemental
mapping of the cathode/electrolyte/ anode
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Table 2 Performance parameters in stress testing
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Fig. 3 I-V-P (Current-Voltage-Power) characteristics
of single cell and twin-tube series-connected SOFCs
under 850°C (a) and 900°C (b) ; (c) The discharge
curve of twin-tube at 900°C under a constant voltage
of1.3V
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