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Development of Large-sized Protonic Ceramic Fuel Cell
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Abstract : In this work, we report the fabrication of BaCey3Y,03-; (BCY20) electrolyte-based protonic ceramic
fuel cell (PCFC) with a large size of 106 mm in diameter with the aim for practical application of fuel cell. In
order to fabricate the fuel cell with sufficiently small warpage and excellent performance, several parameters for
cell fabrication were studied. The results revealed that the warpage of fuel cell was decreased by improving the
uniformity of grain size of the anode material (a mixture of BCY20 and NiO powder). By decreasing the thickness
of the BCY20 electrolyte layer, which was deposited by screen printing, the peak power density increased.
Furthermore, the large-sized cell fabricated showed the same mechanical strength as Yttria - Stabilized Zirconia(YSZ)
electrolyte-based fuel cell and good in-plane uniformity of the power generation characteristics. The open circuit
voltage of the large-sized fuel cell was 1.024 V, and the peak power density was 22.6 W (365 mW/cm?) at 600C .
Consequently, fundamental process for manufacturing large-sized PCFC was established.
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Fig. 1 Manufacturing process of BCY20 electrolyte-based
large-sized fuel cells.
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Fig. 2 Optical images of (A)small-sized specimen sliced
from the BCY20 electrolyte-based large-sized fuel cell,
which is subsequently set into (B)the alumina holder
for evaluation of fuel cell performance. (C) A schematic
of cross—section view of the holders for evaluation of
fuel cell performance.
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Fig. 3 (A) An optical image of the cell holder of large-sized
cell for evaluation of fuel cell performance, and (B) a
schematic of cross-section view of the holder.
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Fig. 4 SEM images of the NiO-BCY20 mixture granulated
with an atomizer. The rotation frequencies were kept to
be (A) 16,000 rpm or (B) 13,000 rpm.
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Fig. 5 Grain size distribution of the NiO-BCY20 mixture gran-
ulated with an atomizer. The rotation frequencies were
kept to be (A) 16,000 rpm or (B) 13,000 rpm.
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Fig. 6 Optical images of bi-layer cells after depositing the
BCY20 electrolyte layer onto the NiO-BCY20 anode
layer by screen-printing. The NiO-BCY20 mixture gran-
ulated with an atomizer. The rotation frequencies were
kept to be (A) 16,000 rpm or (B) 13,000 rpm.
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Fig. 7 XRD patterns of (top) BCY20 powder as-synthesized
at 1300°C for 10 h, and (bottom) BCY20 layer co-
sintered at 1400°C for 10 h on the NiO-BCY20 anode
layer.
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Fig. 8 SEM images of the cross-section of BCY20 membrane
(A) screen-printed with SUS80/100 um mesh and
(B) SUS150/60 um mesh. The cells were fabricated
by co-sintering at 1400°C for 10 h.

um DFHRAZ Y =2 Ay o FIZR—2 F 2T 28
WV, HRENBENEL o/ bEZ b5,

T2 EHEH50BCY20 HEORMICH AT ) —2 Ay
VaDRERDONBZE um BEDOM AN D B Z &350
5o TNIIAZ) — VEHNZOBBEOREESAREL T
T2 ENFEREHENEING, ZDO205H. AT ) —Dkh
ERF 7 VIEOWEN AR E b s,

FEARERE OBIEIEE & BRI KR E L R b720
WAL 2 ), WIS X AR =2 2 5ET 572
B OCV AME T4 5, 22 TBCY20 OIEE L OCV.
DR EBETT 5720, WiFOYH L BCY20 €% H
W TS AR & ARl L 720 BCY20 ORI 15 um. 20 um
DXNVE, FNFENY Y HL BCY20 £V (15um). Y0
WL BCY20 )V (20um) & ZhZFNEKILL, ThdD
IV, B EREEZM9ITRT,

)y L BCY20 £V (15um) & BCY20 £V (20 um)
DOCVIE. ZHZEN1091V, 1106V TH - 720 4l
71V — R OKZELTIENAYTH 5720, B OCV %
AL 223 TERVA, EBE501 N BIfZ% OCV
AELNTEBY, FEOOCV IZBEOHEY THRS
NaZEDS, BCY20 BIZ e HICRBICERTETWES
LEZOND, AMBDEEIZZNZN 329mW/ cm?,
254 mW/cm” & 4] ) H L BCY20 £V (15um) O FA25H
oz,

WIZA Y E—F v AR O @R R % B 10 1R T,

1.2 400
j! 600 °C
| q:IA.ﬁ" { 350
<« &g LA
“...A O : 300
A g L —> o
0.8 am i 250 §
H A 4 |:|‘\ A A 2 Z
A A O A E
S 06 ma A o a 200 £
H s A, O &
= ] A 8 150 B
04 F A H
il A
A 4 100
A
02
P { 50
0 . 1 1 Il 0
0 200 400 600 800
EHLE FE (mA/em?)
E9 BCY20EED#HIND~HDEN E L BCY20 EILDIV, H
Ak
CJM: §)V E UBCY20 /L (15um). AA: § Y HEL
BCY20 /L (20 um)

Fig. 9 Current density-voltage and power density curves of
[ JM : sliced specimen of BCY20 cell (15um), A4 :
sliced specimen of BCY20 cell (20 um).
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Fig. 11 (A) An optical image of BCY20 electrolyte-based
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Fig.12 Results of the three-point bending tests on the BCY20
electrolyte-based and YSZ electrolyte-based large-
sized fuel cell. The schematic of the method is shown
in the insect.
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Fig. 14
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®1 HWEIhTVB/NEIPCFC &E AR BCY20 £/ILDOFE A (600°C)
Table 1 Comparison of performance of BCY cells reported and in the present study under similar conditions.
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