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B d7ole SRR AeEe A5 ARXAY WY A8dAE drslden, Arte] 249 HYASEHE
ol-g3te] 0.8~1 mme] FA9} 25, 100, 150 cm? Z7]¢] HAE A= XXHE AReIRa, 3= XA EAE
157 A 715E, 7R B 181 WRER 58 S8t 12 wie] AFAE ARS3l ARk A%
A2 71FEL 458%C)1 Y A 53.9%% Z715He Btk 45 AXAE 850°Co4 900 S/emd] B& AAHE
T2 Uehligen, 1719 slold F718 24898 W 6 /min®] 7IAETEES Ryt TR ARe HAAAE
Hog Azd ARS XA &ele] vy ZHYS o8] Majda Fr=E eRtEeRE AZIHY. Yszo
FEE 10 wt.% 20 wi.%= 3t Al A FAe 424 10 um et 30 um oI, F71ES LSM-YSZ/LSM/
LSCF9] t% 722 ARG 10 um TS HE-e oS AL 371t 3lollA] 712 ke 2.5 ml/mind
UERSICE. @RS A AEelA 20~30 pm FAIY FRE ke AES AAAA HHE ds3AE 750°CelA
0.6V, 300 mA/cm? A%< B

Abstract: For the development of low temperature anode-supported planar solid oxide fuel cell, the planar anode
supports with the thickness of 0.8 to 1 mm and the area of 25, 100 and 150 cm® were fabricated by the tape casting
method. The strength, porosity, gas permeability and electrical conductivity of the planar anode support were measured.
The porosity of anode supports sintered at 1400°C and then reduced in H, atmosphere was increased from 45.8%
to 53.9%. The electrical conductivity of the anode support was 900 S/cm at 850°C and its gas permeability was
6 l/min at 1atm in air atmosphere. The electrolyte layer and cathode layer were fabricated by slurry dip coating
method and then had examined the thickness of 10 um and the gas permeability of 2.5 m//min at 3 atm in
air atmosphere. As preliminary experiment, cathode multi-layered structure consists of LSM-YSZ/LSM/LSCF. At sin-
gle cell test using the electrolyte layer with thickness of 20 to 30 um, we achieved 300 mA/cm® and 0.6 V at 750°C
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1 5 ZARS /AT YT

TARKEE AFAAE 78I Fejol wet 453 3
I8 g2ln AFeE UE F Jon, MAAY F5el ozt
A A ARA N E g 4 ot 53] A5 ARA|
2] AgAAE gk AE3 A AXE 7 dt HAA
ol YRAFS Z2aAIE 4= 7] wiEe] FA2(600~800°C)el
A ZFzo] 7¥ssithe Aol ok wEkA - 2AEA1Y A
e Sds] A% weto g s wpA Rl gk A
To} AZe] S =olr] gt WHoZ XXJA|e) H7)3)st
A wkgm Ay s 3RS SVTE St JsFelTH.
E3] ARAY HAE AgAAeE 453 A vls) &
2 AEUne} e Agas AZH|Go] He Aol o] &
AEAS AA7)7] T B2 A7) o] FeiX|a it

A 713 RAstE As)E ASE stabilized ZrO,, doped
Ce0,, LaSrGaMgQ; $°]x2 982 AFE= Ni-YSZ cermetd}
Ni-SDC(Sm doped CeQ,) cermet 5|9 &7 AE=
LaStMnO; (LSM), LaSrCoO+(LSC) 5°19, A3kt 252

2 957] 3 tokst EAs0] A7 Aa ok

B dqede 95T AXAA] B9 nAREE dudA]
o] AL YA Aol thEklitel 8ol HIYALE W
& o]83ld 40vol% Ni-YSZ cermetS ¥ 7[x] =7] &
ez A&slgrt. Aafld H8 8§mol.% YSZ(Y,0s- stabilized
-Zr0,, MEL Co. USA)E A7} A2 <8 e o
g3l gkn APdsiAl AlFslon, U IERHE o83t
LSM-YSZ/LSM/LSCF(LaSrCoFeO)E T 7% 7|28
Azt 28] AFE A8 9 Asjde] 72 ¢ EAS
ZARIYeH, @34 ek st

H}
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2.1. 85 XX|H<| M=

AEZ 40vol.% Ni-YSZ cermetS A Z3}7] 93] NiO
(Junsei, Japan)?} 8 mol.% YSZ powders NiO7} 40 vol. %%
A Aestd 38l 24813 B2 & Az e &
e S gupg 4rle] ¥ 550°CollA xR @At
o NiO-YSZ E3ELS AR § 71F3JHAZE 35 vol. %]
AL s EFS & Az Esig. Alxd 2
AgAQl PVB(polyvinyl butyra)E U7 Bl&E TSI 7}4
A2l DBP(dibuthyl phthalate)2} T4FAIQ] Triton X-100, £4F
AR fish oil, 283 BuQ) EF<N7} 2-propanol 22t A
dlo] B3B8l 24417 B B A S 3l e A
. AzE <Holy ErlE FTAA H=E XA F
doctor BladeJX| & AME31 7|28elvt. ARE ARA=
2417t AeolA Ax & 150°ColA A7 @AEE, A
1300°C oM 278l ARAE Azl Az Al 29 A
2719] 3)oi--e 800 Ib/em?2] 3FEO0 2 1350°C A B3}
o] HYTE Fole AARIE T

22, MallE M=

gk X)2gk As)AS AF317] s 8§mol.% YSZ(TZ-8Y,
Tosoh. Co., Japan) ¥%o] /|AEE H7HAE I3 vle= &
grebar, guljel EFA3 2-propanold 247} P EFE 20
wt.%, 10 wt.% YSZ €8elE AZ3IAek. 455 ARA el
AzE &H2E o83l 33 FHEAL, X F 1400°Col
S e e N =

23. 3713 M=

LSM((LaogsST0.15)0sMn03)3  LSCF(Lag ¢Sro 4Cop2Feos0;) &
we TANISHE ol8se] WUSIL, LIMYSZ BB
6 : 4(wt.%)2] HI&Z T3} Azt Al AT W
How LeE|E AZ3l] LSM-YSZ, LSM, LSCFY TAIZ
UsFES 319, 1200°CollA 327 Adste] Alzslirt.

2.4. EMIEI}

AzH AAA= FAPEA #ulH(scaning electron micro-
scope, SEM)y& ©o|83l] ¥ 2 Thie] vM|lFRE FRIEH%
I, 49 s AVIFAEEE ZSAIY Y, porosimeter
(Autopore 1V, Micromeritics, USAYE ©o|-83le] A|AJA|e] 715
S AL, 7R AXE AR 3718 ARSe
JIEEAEE AR

A HA] SEMS o]83te] HaAe] vMlFEReY} FAE
golalgon, Asfjde] AU=S ERIs7] Y5l U] Wl
e 7IAFHEE ZARKEN. dRA ] A5H7E Al &
'2AH 16 cm’E Ze FHAE ALl 25 ATHIES
84813 3L, Solatron analyzer(Solatron 1260 frequency response
analyser, 1287 Electrochemical Interface, USA)E AC Y=
2 HE o)idle] 2 ERPHo g 2l ASghs ST

3. HEEN o OF

3.1. 823 X[X|He ME ¥ SM4EIL

BRI HE o]8gt AAAY AzeA AAAE dehe
N8 &)Y Aol sir Z2AHER Ly 219 4
Aol vl§- Faslt} 53] AFAFL JFA ] Jels 243t
8 aoz AFAFo] AL A A 1x Al 2
s ot vhde] AfARe] B2 A AHa=d 33
QA9 FRAE o, AXTHA 50 ol Lo
U HA ZEs frEkith mebd F39e fdekA] g HET
Z7& zo} HYNERES B3l du= ARAE A=A
t}. Fig. 19 B8 oz A2k 25, 100, 18]3L 150 cm?
F719] ARAS ERIIE. AAAE 800~ 1000 um H=] F
AG 7 Azt & Aol ZZAT AARHEAN HEHo
2 oF 24%% A% £E5& Bt 24%9] FFAYL Ax
A 984 2 F3e 23 AL AP ARA] Wil
4" 7130 23 Aoz AztEH, viRel 49 713 A
A o] AFHOEAN FTolE B RS Frh 22
ARA L] =0 g FPE ARXA 9 BT EAE 7t
Aot FEET) e 9ol o el o3 ARA7E HA)
=1, Asjas F715 AR oA Fe PEEE A
Azl INF A= Alell @3 FA ZH 55 Az
A Ha, e HajAd FUIS TR 28 Az Al
@Gaxe] Zele 9§ 2 22254 @55 Foll 2siA
@4Ax) w3 Feof BAE 2T £ Aot O FEEE
Fol7] % AH3} S FAsA

Fig. 2, 3, 4= HYALE Hell o) Alzpd ARA ] v)A|
TFZo|t}. Fig. 2= 22t 12wt.%} 13 wi.%S] AFAE H71st
o Az XA B AR AAAE W B2 71F
< Il em, 53] 2wewd] AEAE W B F
o B 7)1FE 73 JE ReE BRItk Fig 3% 217 4=
2wt% S 13wi%e] AFAE AHst] Axd ARAE
750°CollM e B-97100AM GAElste], A & AAA &

> o rir
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Fig, 1.2 AzE =278 A AA (@) 150 cm?, (b) 150 cm?, 100 cm?,
25 em®,

He] HTES UeRd Aolth Fig. 304 HoXe AXME
4 & AAA = dPAEG 22 V)T AR, FAHS
2 799 = vehnh XA 423N 2F0 E
S4B AFEFA ARe] Z9E NigAPF A Hedl Ni
o] YA Nzt AL E AZ e WHES A
Hol FL2 ArHEAE AR E3EE AL Nitt YSZ
7} BETRE olFo Nigl gAFE Aloske A Wiy T4
3l

2wt.% 13wt% AFAE AHESt AFE AAANE
1400°CollM 423 $ #dAE 71FES 718 Ko 2 ¥
Ag AR Table 191 VYERTE AAFA 71382 A=
Hhg AET 7k BIES ST SA8AR J1FEe|
S48 AR o] Rk 2y XA QoA 71
Eo| oA JAA Aot elA7] ool ASwke WA
< HU=Z slEM 253 VIAF ARE M § UEE AA
A WRY 713& F Zgslool gt A5 ARAA Y 718
A B Az Al Hries S2xes A8 5 A71E]
Az 2 A8 A AAFRA FZ3dt. SH 3 7
E ®#sh= NioZd 394 NiE #sha goleo] waur Al
A 715350 Z7I8M) Hed] o]BF 02 NIYSZ cermet
Ag= XXl oA Ni gl 40 vol. %2 7B NiO7F Ni
2 3904 o) dz= XA AFo] wslx] gherha 4kav)

e

Fig. 2 234 F71%o] B8 Ni/YSZ AR A2 EH v ATZ 12
wt. %(a) % 13%(b).

Spot Mag
kv 20 10000x SE

Fig. 3. 12 wt.% 2] 2347} 718 Ni/YSzZ 71982 &9 A (a) 3
X (b) o M ATFZE.
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I 13% AFAE ARRS A9 AAAE 425%9] 71FES
YeEhSITE FAE9716 89E AXAl= 12 we.a?) A%
539%F 8.1% Z7FSIHI 13 wt.%2] 7% 489%F 6.4% ZF
713l Wt B AS J)1FEe oM 12w AEA
2 A3 XA 9581.0m ) B ATlME 12 wiwd] 2
dAE sl HH] AgAE AZE = IS
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Fig. 6. 7}2%34-& 53 T4 () A2 R AAA, b) 10 wt.% A

AAAE SRR 7 X SHAE ARl IS
317] uiFol EFFoY R A0 A9 F UE BEE
7FRok 3}, Table 200 WERH ule} o] 4 GAPHE ©]8-3}
AeZ2AS 3 Ay 29.89 MPad] e e vehigi=t), o]
= AR oF 45%2] 71FES 7H gFEE FAska A7)
YEog AztEc 89 T AAAY A== 18.9 MPaE 7HA
sie, da= ARAE Y Al NioZ7F 54 NiE H3IHA
EAQ JHAE A FAH=HA] Fe S T USE
gR1tE. AAIAQ] dARY Beg ZARP] #8] AR
of Aade FHG T G A7, AAA TS SIS o
Hr} 56.48 MPaZ 2 295 JeERIUT, Y Alo= 43.45
MPaZ A &2 $A15 YESl) ol Xdst daid Fo
Al oy vy} A)RkEs HEo] £907] wlRolz}t oAt
o} 37154 FZHZ 39 Axv 4345 MPaZ Tk 990w
ol ol X3 HalA Ho} oA EHOIA Fa)e] Aol
Z71817] wiolgl AztE.

TANBE ARARY AHFEFAA 650~850°C 2] FAE97]
N ZAF 4 point HOE 12 wt.%d ATAE A3t A=
B A8 AHEEE 93Tt pdS o8-8t AAA|
o] ol AYeka} wlie} 9Bl AR IS FASL
Pt pastes AMS3t AFELENE A 3FAY. Fig. 5 Jehd
ule} 2ol 650°ColA 2k 1500 S/em AE2] H& AVAHAEE
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Fig. 7. 20 wt.% YSZ &8 27} 18] (), 33 (%) 2HE A9 29 () F &H (o).

Table 1. A XA 9] 71F setv|g |

of Ma(jn Det \AVU 2 pm
0000x SE 100

0 kV 30 1000

Porosity(%) Pore Area(mZ/g) Intrusion Volume(mL/g)  Average PoreDiameter(um)
o 458 2.63 0.12 0.19
12 % -
gHe 53.9 1.65 0.16 0.38
ikl 425 1.82 0.12 0.26
13 % o »
3% 489 0.80 0.14 0.72
Table 2. A7) &} A=Hlw . 2%¥ATE HYT Hede I o 2.5 miming] R
a4 e FHAZE BRd. AR A= 958720t 98514 o584
A2 A (BB) 26.24 MPa EE 2 VIAFHATE VAo A% WL ks aer)
°EE (FAL17,E:289) ol g7kl F7)7F EFe] doluAl He HAAFl
AR (s 206 MPa 18.90 MPa QIS VR b ZeRAEs Huisk glojo} gt wet
A 124, F0180) (A :L6T F:2.73) A B AdelM AlxE AAA 2 HpEL 573 JAFI
Haj B aw 5 56.48 68.89 < Yehige
(Bed) (F7A 09, % 2.6) (T 0.85, 5 2.2) Fig. 7& 1300°ColA k2R A8F XA Aol 20 wi%
1&5&5’—5‘0; 43.45 - 39.66 YSZ €22 Y¥ 3RS Aol Y ¥ wHe] mtR
I = = = E
(ox\ﬂ_' 5 ) (‘r’”ﬂ 0.9, % 2.6) (T”ﬂ 0.85,=%1.9) 0]’\:]— 1§q i%]}\]_o’] _1_:-_’__7}1]_\‘5_ Cl}: 10 um ;%]EE %3_._‘% vS7 ﬁéﬂ

€ HI, S5 2oReE WIREEE A 2as
850°ClA 900 S/em #& HY+H ol 2% Aol =t
dAg=e] AXAT PE 2 ZLSH= NI/YSZ cermete] A3 3k
o] #A|7] wiEoltt.

3.2, HolE M= % S4HIL

AsEe el O IHHE )85k A=At Fig. 6
& AEF AXAY 10um A 7FAFATE A A
otk SA7AE F718 ARSI old AAA 2 A
9 Z7)e 4 em®= ST ARXA= 171901 2F 6 imin®] 7}

A F& F8I e, AdsiA] B o 4 Aok 33 wkE
e A oF 30um XY YSZ A2 =& ¥AEHT, ¥4
2 13)o) Hlg) FAAT XU AsA FL FASIuck

Fig. 8& 10wt.% YSZ £32lE 39 I®3 AAA U
@A eMFRelt), 338 ZHRE 10wt% YSZ AfA F9] &
He 20wt% YSZ AIE FHO ¢ XY, FAR
10 um ©]3H] gk #3A F& o|FUct. wekA 20wt % F
e vis) FA7) 32 12 FAsl] AFES W A
TS A Aoz o dEn.

Fig. 9 Ax® AAA &4 &, Hald 2% & a8n
7150] FEE AXASE vebd TP}

ol
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Fig. 8. 10 wt.% €2|2]7} 33 39 A g9 hH d &4
(3h.

EhEE I I U
780m1 234

e hidsdisniin |

Fig. 9. @AA o 1=xd XA, 229 AR A, DA, 715

3.3. 847}

G4 vy Zue AFdg Al Ay dRHA
o ARE-3IE). Fig. 1001443 1= wjuEols 7k2e] vk
SAEE =o17) Y8l A 7HAA e, A ¥ F7)¢]
frae Qs ol ARl B ZHAA ok viuEEeh A=k

(a)

Fuel and oxidant inject tube

4

Pt-mesh

Fig. 10. @84 RAE (a) & 5X 5 cm® ©AA] WJUEH (b).

AEAEE 2 31 IR dropdll &3 APl 93k AFs
AL Zo]7] 93] AEFAE Ni feltZ viUZTI9} HF Alo] |
o AREA st} HEAHRE TIA, 3750 HEEES T
A3 P2 ARSI =3 WE pastes ARESIA Ni feltd}
wgnkel 143 A& F4 s =Y wUEHE AR
AAAZ Apego gz fA AFHEE AT 4 dslent,
Be HEAd o] HEele] EAES 714 B2 IR dropS
7HE & Stk 23y 2 AgelM pE ARH[AZ AHESt
o vl e u B3t %S Jepid 28y J1=29s
ARSI B, aeoiM AkslEle] P Aslaiehs 438t
Al =Hol AARE- A} FAE QU

Fig. 115 650-850°ColX A5 AXA2] nAHE A8
A=e] A5EAL Jehlla gt 650°CollM @ARle] sjF2
A 1.075 VE ©o|2AIE AUYRA 1.105 v} ZAAE JEL
WAaz, 850°CH 0.6 VollA oF 600 mA/ecm®] HEUTE gL
Yok L5271 74l wlel @x|e) Edabrgte] =4 o
EhE g Aso] AAsle A4S B ATh W 2=ollA
o] A57AE AsjA o]LHEL e 7] o3t Aotk A
SAE F x| da@ake #EuA) fgkout whgriAe]
HRBH X ) a7 ¢lg Aoz HdEE A|H e
$=2243o] gt 850°CAlA 0.690 °F 600 mA/cm®e] Ase =
L FFo] A oot v M= AREEIT U
EREAERS Hold] whAA] Al AFA 2 HF o] HE
HEoA Aol 23t AFEAe] e Aoz «ldEw,
SRR HEANHE U Yo ¥ 52 AFUEES e
W 9lS Aolg} o).




S2A7)338LEA], A6 B, A 1 E, 2003 47

v2r ~m—650 T
~0-700 T
% L7507
N\ ~y— 800 T
0s e 850 T
N A\ 6.
N -\e\ NGRS
2 w ° A\A\i\o\ .
2 Mo o Yyl 00
@ 06 -] —~ ~v. O,
= No. A, ¥ o,
Qo o A, Yy e,
> o By Wy, Oy
o Aa v oo
Q.
03f e
) N
0.0 L 1
o 300 600 900
Current density (cm?)
Fig. 11. £ X0 ©}& FH A9 Y EA.
06
s 65T
e 700°C
750 C
v 800°C
o4r 850 C
) . ]
02k - .
UL T -
.. o0 -
2 & o -
S e 0
% ; !
0.0 b g ,
0.0 03 0.6 09 12
7

Fig. 12. 2= 9] o2 @3 4] 9] impedance =4,

Fig. 12& ©3x]9] dadA &4 Azjolr), =7} Zrlst
o W}t cell 54 Rp)e] A AAFRIL, WAL AHAEQA
Rse= A9 dAT 4k UERAITE 850°CollA UjRAee oF
0.1 Qem*9] 2 AF e VERUT, Rse oF 0.02 Qem?
ATE YeERSITH

5 E

£ d7llA 40 vol.% Ni-YSZ cermet H2S ARE3}] H)
YINAEHO 2 800-1000 um FAI2] B XS A)zxs}
Ax, AzE AR 12 wt.% BFAS AMEE19S o 94
ol Z}7t 45.8%, 53.9%9] 71FE-S 7HAH, 650°CS} 850°C
olX Z}z} 9F 1500 s/em}t F 900 s/em®] AZHEEE Ll
At 12 wt.% AFAS AME3I gHEo)R XA FpATs
= 71X B 6 Imin©]RAth YSZ B-S o]8ale] &
HYE TEL, 98] UY IEos &g wrE 23
3le] 10um, 30 ume] XL AshaAe A=sIqch 10 wt.%
A= Az 57 10 ume] AsAL 3719 st 2.5 ml/
min JE FATE VeI tEe] 3738 A3l A
2% @-R= 750°C oA 0.6 V 300 mA/cm?e] A%5-S JER)
At
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