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Abstract : In this study, we propose a Metal Organic Deposition (MOD) method incorporating dispersed
Gdy,Cey30,, (Gadolinia-doped ceria, GDC) nanocrystals and investigate the low-temperature fabrication of a
dense GDC barrier layer onto Yttria-stabilized zirconia (YSZ) electrolyte of solid oxide fuel cells. An MOD solu-
tion was prepared by dispersing GDC nanocrystals with an average particle size of approximately 4 nm into an
aqueous citric acid complex solution containing Ce®" and Gd*' ions. The solution was spin-coated onto the YSZ
electrolyte and subsequently sintered at temperatures ranging from 1000 to 1200 C to form the GDC barrier layer.
The resulting GDC barrier layer had a thickness of approximately 100 nm, and a dense film structure was con-
firmed when the sintering temperature was 1100 C or higher. In the cell without the GDC barrier layer, the power
density was extremely low, reaching only 0.09 W-cm ? at 700 C and 0.7 V. In addition, both the ohmic resistance
and the polarization resistance were very large, suggesting the formation of insulating phases such as SrZrO, at
the Lay ¢Sry ,CoO4 cathode/YSZ electrolyte interface, which leads to reduced ionic conduction and hindered charge
transfer at the cathode/electrolyte interface, as well as decreased catalytic activity due to changes in the cathode
composition. These phases would prevent both oxide-ion conduction and the oxygen reduction reaction. In con-
trast, the introduction of the GDC barrier layer led to a substantial performance improvement. In particular, the
cell with the barrier layer fabricated at 1100 C exhibited the highest power density of 1.84 W-cm ?. Furthermore,
in the operating temperature range of 600-800 C, the cell with the GDC barrier layer prepared by the present
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MOD method demonstrated power density comparable to that of cells with barrier layers fabricated by physical

vapor deposition. These results indicate that the present method is a promising process for forming dense GDC

barrier layers at relatively low temperatures.

Key Words : Solid oxide fuel cells (SOFCs), Gadolinia-doped Ceria (GDC), Barrier layer, Metal Organic Deposition
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Fig. 1 Surface microstructure of a GDC film deposited on
YSZ electrolyte prepared by the citrate-complex-based
MOD method.
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Fig. 2 Schematic illustrations of film forming process through
GDC nanocrystals dispersed-MOD method.
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Fig. 3 Appearance of the GDC nanocrystals dispersed MOD
precursor solution and a schematic illustration of the
solution interior.
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Fig. 4 Surface structure of MOD-GDC barrier layer sintered at

1000 ((a), (b)), 1100 ((c), (d)) and 1200 °C ((e), (f)).

BHEARZIEHR T 5 2 &2 < RS ZE LToi L
TWwa Lk SN b, /2. GDC F /KSR I H
FHWEEDOB L Z1/100 FE L H5I/h S nizd, KL
(I —HEL) 2Hfl s BeEALE AL Twb, UEo
BRNBOBIZER P S, K3 OBAMIIRLAZEBY,
GDC F / #fB L v Ce® & Gd* @ 7 = v ERskRIE, 5
BHEB T =20 L THFIEL TS b0 ER LN
b,

B4 ICARERE 2 YSZ EFE LAy a—F7 4 >
7L, A OmRETHRRLTERLZGDC NN TROK
HfEEZRT. B, M4 (a)~(d) BV THfmIZBlig
XN HERIZ. BTHRBHEICE > TELLBEEIRVTH
Bo WTFNOBERIREICBWTH GDC EHIZIE, K11
ARL7HERD MOD IETHER L 2 CTR O X9 2l
K77y 7 3BOONL ol TOREIZ. MOD &
W GDC F / #ifb & — o migE I ff s €52 L
Ty BERREICA U A A — 2 U2l S /- 2 & 2 <
R L TWb,

MOD_1000 3 & O* MOD_1100 TiZ. #7£E 100 ~ 200nm
FEEE DM A DR E 53 A D vy GDC 7 L 4 v A5, B
BEmMEZH—ICHBLTVIRTABE IR, —7.
MOD-1200 TiZ, 500~ 1 um ® 27 T A &% —IROHEEHFE



I IREEHT  paper

Cathode

KI5 (a)MOD_1000. (b)MOD_1100% & T (c)MOD_1200M
HIEISEM{&

Fig. 5 Cross-sectional SEM images of (a) MOD_1000,
(b)MOD_1100 and (c) MOD_1200.
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Fig. 9 Bode diagrams of (a)each cell, and (b) MOD_1100,

MOD_1200 and PVD-GDC cells at 700 °C and OCV.
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Fig.10 Bode diagrams of MOD_1100, MOD_1200 and PVD-
GDC cells at 700 °C and 0.7 V.
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