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Abstract: A novel fabrication method of dense ceria-based barrier layer was proposed to fulfil the low-cost fabrication and long-term
operation of solid oxide fuel cell (SOFC). A Y,0; stabilized ZrO, (YSZ) electrolyte of anode supported half-cell was immersed in a
solution of gadolinium nitrate and cerium nitrate, and treated at 180 ‘C for 36 h, then yielding a dense Gd,0; doped CeO, (GDC) thin
film. The GDC thin film was co-sintered with screen printed Lay¢Srg4Cog2Feqs0;_ s cathode at 1075 “C, thus obtaining an anode
supported single cell. The results show that the hydrothermal grown GDC barrier layer is continuous and dense, with a chemical
composition of Gdy ¢44Ce9560,5 and a thickness of 0.23 um. The Ohmic resistance of anode supported a single cell at 750 C is
0.101 Q-cm?, which is 38% lower than that of the cell with a conventional screen printed GDC barrier layer. The maximum power
density using a wet hydrogen fuel reaches 1.038 W/cm?® with a decent long-term operation durability. This hydrothermal in-situ
growth method can satisfy the low-cost and large-scale fabrication of dense and thin-film barrier layers for SOFC with
multi-configurations and dimensions, showing a promising application prospect.
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Table 1 Comparison of barrier layer fabrication methods

Method Process conditions Source Thickness/um Maximum output/(W-cm™)
Pulsed laser deposition!"”! Oxygen atmosphere 50 mtorr Target material 1.0 1.00 (600 'C)
Physical vapour deposition®! Oxygen atmosphere 5% 107> mbar Target material 1.0 1.00 (800 'C)
Magnetron sputtering!'” Argon atmosphere 10 Pa Target material 0.2 1.05 (800 'C)
Spray pyrolysis!'®) Air atmosphere 350-450 C Metal salt solution 0.8 0.50 (800 'C)
Hydrothermal in-situ growth (this article) ~ Aqueous solution ~1 MPa Nitrate solution 0.2 1.23 (800 C)

1 mtorr=0.133 Pa; 1 mbar=100 Pa.
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Fig. 1 Fabrication process of in-situ hydrothermal grown Gd,O3 doped CeO, (GDC) barrier layer single cell
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(a) XRD spectra (b) Screen printed GDC surface

(¢) Screen printed GDC fracture

(e) Hydrothermal GDC surface

(d) YSZ surface

(f) Hydrothermal GDC fracture
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Fig. 2 XRD spectra of hydrothermal and screen printed GDC barrier layers and SEM images of screen printed GDC surface and
fracture, YSZ surface, hydrothermal GDC surface and fracture
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(a) EIS (b) DRT
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Fig. 3 Electrochemical impedance spectroscopy (EIS) of spectra of single cells tested at 800, 750 and 700 C at working potential of
0.8 V and distribution of relaxation times(DRT) fitting of EIS tested at 750 'C

(a) 800 C J-V-P curves (b) 750 ‘C J-V-P curves

(c) 700 'C J-V-P curves (d) Long-term discharge curves
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Fig. 4 Current density—voltage—power density (J-V—P) curves of single cells tested at 800, 750 ‘C and 700 ‘C and long-term
operation durability of hydrothermal GDC cell
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Fig. 5 Cross sectional elements distribution after long-term test of hydrothermal GDC cell
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