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Development of Tubular Solid Oxide Fuel Cell
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ABSTRACT

Solid Oxide Fuel Cells (SOFCs) have received considerable attention because of the advantages of high
efficiency, low pollution, cogeneration application and excellent integration with simplified reformer.

In this paper, we reported development of anode-tubular SOFC by wet process. For making tubular cell,
Ni-cermet YSZ anode tube was fabricated using extrusion process, and YSZ electrolyte layer and
LSM-YSZ composite, LSM, LSCF cathode layer were coated onto the anode supported tube using slury
dipping process and sintered by co-firing process. By using this tubular cell, we fabricated single cell
consisted of the various cathode lavers and 4 cell stack with an effective area of 75 conf per single cell,

and evaluated their performance characteristics.
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Fig. 1. The photo of the single cell by wet process
(a) extruded tube, (b) anode supported tube(AST),
(c) electrolyte layer, and (d) cathode layer
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Fig. 2 The schematic diagram of the expermental setup for
the electrochemical tests of the single cell
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Fig. 3. XRD pattems of anode powder and ASTs

—+—intrusion for cvcle 1 |
0.024
~+—- before reduction
0.020 | —+— after reduction I
€
2 oo15}
L]
3
=
£ oot0}
E
H
g ooost
3 o 1
3 Y |
S :+ {i
£ o.000f R
-0.003 L . a L "
1E-3 0.0 0.1 1 10 100

Fig. 4. Pore size distribution ASTs before and

before and after reduction in H

Pore size Diameter(/m)

after reduction in Hz

(a) (b

Fig. 5. SEM images of AST (a) before and

(a)

(b} after reduction in H2

b (©)

1000

Fig. 6. (a) SEM images and elemental distributions of
(b} Ni and (c) Zr



8

=T T T
S
0 .\\_._\.\\ -
l\\
=0} ]
20} 4
10} 4
§ o} ]
0+ 4
0 1 A L B Y A
a0 554 0 =0 o 850
Terperaturel O

Fig. 7. Electrical conductivity of the AST
as a function of temperature

3.2. BINX| U A=l MEHI}

Fig. 89 800 ColA &% %dzl-q AeqAE
L}E}‘—Hﬂ‘:} 650 T °]3}°ﬂ"1 %“rﬂ-
2 ARLEANA o] 43 7 ]’93‘4‘
:'-og LY 9a/LSM 9mv/LSCF 17mE F48 @&
A AFol 800 CTolA 50 mW(T00 mA X
033V)E 718 $538d LY 9uLSM 25m LY
17/LSM. 17, LY 9m/LSCF 25, Pure LSM 34
mm, LY 25p/LSM 9m ¢MZ o] Z42dE &
itk

Vaitage (V)

4 LY 9 LSMQY LSCF {74 .
—B-LY 9oy LM

— LY 474 LSM 74

02H —e—Lv2suy LSmgm 4
~#--LY gy LSCF 25

—&—RreLSM3sm

00 re T ra— 2 1 o, 1 P

0 100 20 300 400 50 60 700 80

CQurrent density { mianf )

04}

) M — —

Fig. 8. The Performance curves of the cells with various
cathode layers at 800°C
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Table 1 Impedance parameters obtained after deconvoluting the observed specira

L Temp. Ry Ry Q: Rs Qs Rp
Nomination

(C) | (Qan) | (Qem) (F) (Qem) (F) (Qer)

600 | 5176 | 3868 |1.31 x10-4]|318%9 | 35767 35.767

LSM-35m | 700 | 5472 | 0986 |2.10 x10-4| 5908 6.894 6.804

800 | 5812 | 0637 |455 x10-4| 1.071 1.708 1.708

LY S 7770 {20154 | 253 X10-5| 2198 0.676 22.352

LSCF 700 | 6697 | 6656 {452 x10-5| 1135 2107 7.791

25m 6492 | 0384 |256 x10-4| 0.987 2670 1.371

: 600 | 5028 | 154 }113 X10-5| 11288 | 0.090 12.828

LY S 700 | 4889 {0539 |450 x10-5(3.1547 | 0.078 3.6937
LSM: 25/m

800 | 5109 | 0804 |4.43 x10-2| 0602 379 1.406
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Fig. 9. Impedance specira of the single celis with various
cathode layers at 800 C
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Fig. 12. The performance curves of the 4~cell stack
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Fig. 13. Total electrical resistance of LSMWmetal at each
temperature region in air by DC four probe method.
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Fig. 14. Impedance diagrams of LSM(30um)/Fecralloy at each
temperature region in air by DC four probe method.
(Sintered at 1200 in air)
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