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ABSTRACT

Solid Oxide Fuel Cells (SOFC) are of great interest of next generation energy conversion system due to their high energy efficiency
and environmental friendliness. The basic SOFC unit consists of anode, cathode and solid electrolyte. Among these components, anode
plays the most important role for the oxidation of fuel to generate electricity and also behaves as a substrate of the whole cell. It is
normally requested that the anode materials should have the high electrical conductivity and gas permeability to reduce the polarization
loss of the cell. In this study, the effect of pore former on the microstructure of anode substrate was investigated and thus on the
electrical conductivity and the gas permeability. According to the results, microstructure and electrical conductivity of anode substrate
were greatly influenced by the shape of pore former and especially by the anisotrpy of the pore former. The use of anisotropic pore
former is supposed to deteriorate the cell performance by which the electrical conduction path is disconnected but also the effective
gas diffusion path for the fuel is reduced.
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Fig. 1. Fabrication procedure of anode substrate.
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Fig. 2. SEM micrograph of NiO-YSZ composite with artificial
pore former (5 1m graphite): (a) schematic drawing of
anode substrate, (b) direction A, (c) direction B.
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Fig. 3. SEM micrograph of NiO-YSZ composite without
artificial pore former: (a) direction A and (b) direction B.
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Fig. 4. Coarse disk shaped pores come from large agglomerate

of graphites.
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Fig. 5. Pore size and distribution of anode substrate after
sintering: data from mercury porosimetry (a) Cumula-
tive Pore volume and (b) differential intrusion volume.
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Table 1. Pore Size and Distribution Data from Mercury Poro-

simetry
With pore former Without pore former
Pore diameter (um) 0.72 0.59
Porosity (%) after 38.1 28.8
sintering
" Eff. porosity (%) 9.15(24%) 15.8(55%)
Porosity (%) after 491 412

reduction

Agubio] WE NiO-YSZ &ZA 7129 37 2 %
porosimeter® 433 21 AE Fig. 59 YERAUTH
J A3} 7| FHATAE AEst Axg r|He] A HF
7159 Z7)= 072 um, B 7158 38%=2 YERteH 7)
FRAFA glo] 7P Yo Az 71He As= 7
7} 053 um, 232%2 JElgTh AdHoz JFAEAE
TR 55 Aol 7159 2] € 71E8 oM o &
e UeES & < Sleu AR 713 Al 2] ¢
&S AR & o, ek 9bA A3 uAl R AolA
E g UdRe] $H3] A4 & e Aol 33 A
He| AA 71FeF AA 7k Bz 79sks farlE
| 3 28-S Simwonis5ol” A& HPHLS AMgEle] B
Agt AAE Table 19 YEMIATE. SimwonisTS o17]A]
fra7]&ole Table 19 ZAsfollA] HA 71FATAE 23+
gAY B2 71EE TR BEka faT)Ee] 28

AN

b1

2

o3

U T
WA e R B 5 U ok /13ATAY $3e
2 % 20 712 gHo 7128 va 713

AE7} ol A ARzkee] BN AET AAFEE
AZe FA RY Aoz BT

32. 7IAEnT

7 BHEE A4 A8HA #5S w7 A8st
28] FFo] A olFoXA 3] A = e 2
8% 3} weby 3o 27 R 758, BEEY fEd
7lgade] SHE u)$ 93 248ty & 5 Quk gyt
HoZ 7tA B FHAT Eod thaAle A 7)
2719 L 7148 HQE gt g J8dx] &
FARAA L] A JIATEREE B2 AAA2A9) 7)AA
A= L Fad Ao 73 & 71FEe 87
= Utk dukF o g gE EAEA dgdA ] AeE
e 5718 HA 2HOR 40~45%9) 71TEE
AASL Yok et ol st 2L TAEHEES ) 1
2] 22 AHde 9gr] gle £ Ued] 7)3ee
40~ 45%2 ST A HH Jeg TEE 7 Ue
212 obth. ol A porosimetere] #-4J0A] HEo] 7]
FTTZo wet 71E-& U] & 713 B&o) %ol e
Rg FME FAE = ok B dfelMe A4 252

rr

A 394 A1 3(2002)



O
(=

0.030 T v T

o
o
N}
3]
1

T T
after reduction

i
o
N}
=}
1

Permeability constant (cm?/cmH,0*min)
) o
2 2
o (4]

o
o
=1
=)
1

5um C thermoset

5um C thermoset

Fig. 6. Comparison of the gas permeability constants of
sintered and reduced anode substrates.
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Fig. 7. Anisotrpy of the electrical conductivity of anode substrate
after sintering with pore former (5 pm graphite).
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Fig. 8. Comparison of the electrical conductivity of anode
substrate with- and without pore former (5 pm graphite).

ot o) mAlERAA =g 71F7Re oA ols
AT AdEs oS 7IRA 2 deiTe 2%
olt}, AV|AEES Ve Y] JFHEE FE A
e o AT dAEE Hojmd F o2 A7t o]
L (A) W] B) W Ho} @ e B vAFE o
Ao 2 ATEexE 2 HET JeS BRoEth
¥ Fig. 8& 7|3 ATAE EPstL e 55 AEH &
21 A8 sl A=Y 25 AEE 900°ColA 104]7F
A7 T 2A A7 |AEE Ajo|v}h, 18] Aol
B 7 ZAFAS AR A A XS AR
FATo e Wl e Z 2JolE HAFI et TAA
e 2AA 79k g Nigeho] AEddos A
3 1 ool ¥ FEHAL B F Aok 53] A5AA
o] A AA AR E2E WEko|7] WFo] ohmic &
A3 ZFHAQ ABAEE 71 (A) WEAM 9] A7 IHEET}
A7AA Y FAFEF%EQ 800°ColA 100(s/cm) ©]8ke] FH&
71 AA AW A8AAT a7she szl




SOFC 539 713727t

A7 ANHEE ol £ vl Ao Yep} AFoas
o ABe Sl AP FHe ¢ 5 Ui B
NBATAE ALSA QPR AR AS 7 TATAE
Ag AR BT WY B WIAEE e BAET
UAEE BolspilE AEET} L (B) B HRTHE T
e AESGE BFT AT ok wedl 7)1 FPR)
ol et ohle} 7137] 2 BEe) W} Nigel 92
7} ol Gelly) WEes moled) ol tia AHel
Bae gy ATEYY AN A% JBFol.
olgel ATATN ol &3 By FlgrEE
Aoz 97HE 20BN AVM] LTEAY We
obmic HPHE, F& 7ks Faw, FAAA AR &
29 Bxol WP VAL AN Aok W L)
e 3, ARl DEAES B9 AL ohmic A
ol o) BRSNS FolT, T WA AFNeel B
o] 23] BES B0l 383 ZANEE o A
Bow FERF AR o8 dhede Aoy 4

SV Qakee] o] HYBREE A, Azsolok gk,
48 E

SOFC &322 AMEHE Ni-YSZ E3He d87tA9)
ERE 3] o FRE R0} s AFo A 9%
= gsjolsty] wEe 2 WHE%e} /AR IES
"az A} £3 PR AFge] BYPeE A
she AsdG AF a3 717k ARl aRFe
2 F450] glojol At & AFelNe oy 72E 7
Azl H8l AHske N1FATAE Htste] A 713
HERdel W wATE Zole} 1 71Fo] WrIHEES} 7}
2Eg nxe Jee B A7 7)1 2ATA
iAol sl A7 F1ETEe] ol J1FRTA &

S5 WA 9% 91

REFERENCES

1. N. Q. Minh, “Ceramic Fuel Cell,” J. Am. Ceram. Soc.,
76(3), 563-588 (1993).

2. H. Moon, J-H. Lee and H-W. Lee, “Ni Loss During the Fab-
rication of SOFC Anode, Ni-YSZ Composite,” J. Kor.
Ceram. Soc., 38(2), 137-142 (2001).

3. J-H. Lee, G. D. Kim, Y. B. Sohn, H-W. Lee, S. W. Kim, H.
S. Song and G. H. Kim, “Power Generating Characteristics
and Long Term Stability of the Anode Supporting Type
SOFC,” J. Kor. Ceram. Soc., 37(9), 847-855 (2000).

4, H. Moon, H-W. Lee, J-H. Lee and K-H. Yoon, “Correlation
between the Microstructure and the Electrical Conductivity
of SOFC Anode, Ni-YSZ: 1. Microstructure Analysis,” J.
Kor. Ceram. Soc., 37(5), 479-490 (2000).

5. H. Moon, H-W. Lee, J-H. Lee and K-H. Yoon, “Correlation
between the Microstructure and the Electrical Conductivity
of SOFC Anode, Ni-YSZ: II. Temporal Variation,” J. Kor.
Ceram. Soc., 37(12), 1140-1145 (2000).

6. H. Koide, Y. Someya, T. Yoshida and T. Maruyama, “Prop-
erties of Ni/YSZ Cermet as Anode for SOFC,” Solid State
lonics, 132, 253-260 (2000).

7. D. Simwonis, A. Naoumidis, F. J. Dias, J. Linke and A.
Morpoulou, “Material Characterization in Support of the
Development of an Anode Substrate for Solid Oxide Fuel
Cells,” J. Mater. Res., 12, 1508-1518 (1997).

8 R. N. Blumontal and M. A. Seitz, “Experimental Tech-
niques,” PP. 95-112 in Electrical Conductivity in Ceramics
and Glass, Ed. by N. M. Tallan, Marce Dekker, New York,
1983.

#1394 A 1352002)



