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Improved Performance of Anode-Supported Solid Oxide Fuel Cells
by Modification of Cathode Microstructure
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1. A&

DA AEE A& HA (Solid Oxide Fuel Cell, SOFC)E @A 4§ LA Alageg /g
o] AP T ¥ QA AE A (Phosphoric Acid Fuel Cell, PAFC) ¥ 8898449 ¢
A A (Molten Carbonate Fuel Cell, MCFC) Bt} H&A Ado] AFHRo U, HZ 4%
Aty 7)&e) g2 PAFC ¥ MCFCo] o]o] d-&3te] o]& HFolril]. Iy oj%}
e A838 YHME e 2 2 A BAFES FESorT . A4 WE
2 AEEz g SOFCE AX FAF L£E7F 1000C HIoz2 o]yl HEd &
(separator) AEZ 7}Fo] 41 4 5 ASE ALT 5 o £ AAE FAZ
B3 Zo A YRS A= ¢ste] kg wWAo] ATz AA] HFo] FaHE
g8 Jetdr2] gad HA e &AF 2EE wRE Ao utFFsy ol Hito &
T dEEo] 500C~800CoA ZFateE A2¥ SOFCH /M#HeE Hdod Be =&

gojm UH3l zy H=A FF 2xE wFH HT T4, F WF AF (internal
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A, & E°] CeOy = LaGaOs T g AT[3]e} 7]&9] YSZE A&sty dajd F
Ag £ detgsie oz YR AP ¥ dT7MF AYEHD Jded, A5 EF
& gEgl: »goZ: ¥% AEA (mixed ionic and electronic conductor), d& E°]
LSCF (Lai xSrxCo,Fe1 ,03) = LSC (Laj xSrxCo03) & Al&3te 53] A7} He &
]2 B (cathode polarization)& RF#HE G737 A== Job] grdez dax

N

B2 (anode polarization)& ¥71F B2 BT AR AT F Ad82 AMEE W
T JAF7t2 S99 A (reforming)g T st old] HE3 ohgd AEEC] AFHI
At

E dFgAE YSZ F EE SDC £¢ LSM 37139 FAZLT2EZHA Figld ol
Mol AEA F (film)e FHAIE A2 AF vATZ2E ALddtd 247 He &

~
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7129 H5e Z7AA 650T~80CTAAN &F 758 SOFCE d7stgich od A=
A F2E z2t7] YHAME 1) A3 2Fo] AR A EL EF AxE zZtolordt &3, 2)
A5 Ay YL o] AL FE IF ALE 23 AsF FHo2YH ©¥E o2
Ax Azt 2ASA Folol du, 3) HE Ay L FAAGER ZL A5 W
LATYE AT £ JEEZ 71T L 23 glojor #t B ATFAME Tk FHl7 B8 A
e =-2 FAL AUy B xRN I Aiole Ax Hg AI/AHA/7ATL
s AMAE 9o FATgozR 9 e Ade AF mATEE A AU
T8 2720 3 PAYAA (symmetric cell) 8 F PYdx EHoz FUF HT A

s BFsgon, o] AYF F/FL d8F AAY AR FHEA Y& AR
W ALy nAMNGE AuAA9 e E FUdAUS

2. A39¥y

21. A4 2 AF A=z

YA AR (symmetric cell) & ANAL 8mol%Y0:-Zr0: 3§ B (TZ-8YS, Tohso)
o AZ 719t AEste 1500TAA 247 24T 2H o] A= 98% ol ¥ AF 25
mme 7 1 mme P2z FH2Z ARsP o] FAALE SiC AvkA (#1000)2 ARt
(polishing)38t 3. %3+ 427} (ultrasonic cleaner)dlA oj&xX=2¥ ¢E= AYTE F 4=z
go] Aestgt. 2712 YEE2E LaesSrosMnOs(LSM) £%& Praxair AH2ZF¥H T8t
gonl o Buy 254 adn AFAZ W AE2$2E EFSA £HE Az
YSZ tjA3 %}dWo| tape-casting¥ & ol &3l TH AU £FE 1100TAA 241t 3
o Fr)Zo] A o] A By AL A=z o A YSZ & == SDC
zg A% TY (dip-coating) Yo L IFF F Wy IYL AP & 2EE 60
0C, 24722 nANY §8 FF 24 48 2dAN AR w2 2= 1000°C ol A
n-situ® AZs9t 9422 AAA Az B A¥e JHYATAKEPRDY E=&& ¢
of 2P on A4 WEe oA A6l dFHA U

2.2. A7|s8 &4

AAMZE Alfarb23H 798 W37 (Pt gauze, 52 mesh, 0.1 mm wire)& AHE-3}
Ay, AAANE 223y Loz b Mo YAHEE FXE Az W& VAE
MFC (Mass Flow Controller, Unit)& Ab&38ta] Atxo} AAE A4 E¢°] 10 2-1 atm 8
g7 H= EFdsgen, dx &£ A 2x7F WA FE FE=Q 400 cm’/min® 2
WAAR 2 gAY 2zt A2 ZZ FFEAY. I LEE Bk FEHA FAEV
913led Pt + 13%Rh GAUE AZ F9d "z FFed AF 2x& ZAAU

BE A2L 7t 2 L3 duda Mo HY AHd =EHUE ° 600T~100
0cZ exE2 wWsA7EAN =HsHc. 2F Y9d2E Solartron 1260 (frequency
analyzer)®} 1287 (electrochemical interface) %X & Ab&3tal 1 mHzolA 10° kHz 91l
N 24e ANFSYT uAY ¢9S 95ty] Y8ty AC AEFL 10 mVE THFFAT

3. 38

g

mY, of

Fig. 25 YSZ 22 z" ¢ A3 £ LSM diAAA dig gods £4& 800
7] 29704 AAE Aol drM AFET (R) & AFF (29 ¥ 157 =
A g AFF = g9 g A8 22 UFE golth Fig. 2@9A & F UARC] Z¥E
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AANBA RS LSM A2 A% 42Qcm” o WHE A (internal resistance) 3 °F 332
em’ AEO AG3 2 R, &S YEhAAET olE 1100TolA 2417 F<te] 220 A
Ageras vud 2o} YSZ AafAd LSM A3 A ¥Ho A FEHAUY] o
olt}, ZE U o] o9 AALLoAE LSM AF YSZ AdE AW AHFEH] A
H917] Wl LSM A2 24 £EE 1100ToA 2Atez uAsAt YSZ & B S
109 BrEE Ao Fig 2P R, go) 055Q2cm” BEZ AA FAEALH, YA
8 g% 31~32 Qcm’ 02 ZoJEYUT olg ol UYRAF o] Foj=E olft Figl
B 2o AT AT} A2 EYHA AR AL A2 ol AG F2E ATTLEMN
in-plane resistance & Z7MA71A @3 LSM 3% YSZ d&d HEFE NAANAFV
groz godt £33 SDC & i% 8 LSM Ao ALdE 750Ce &7 BH7)
|4 R, 3ol 0.12Qcm® 2 w$ $58 37T 4% By FAG 4y = @& 7t
A X R, #& Table 1] 8.9 Zga]s}gir,}

YSZ & ®== SDC & z¥ LSM A =22 Table 13 22 7%‘4'3} e 719 €0E ¢
ol vl YANE E my T2 A g wgo oigd A7t d/Eh detFHoR F
12/AMA Ao Ax By g A FF-d, i, agn A dE HEe
2z 7223 4 Qrp HAZoE B AFAEe] 7T s g7 vEd Az ¥ e
(charge-transfer reactions) # 23 ®¥ ¥h& (mass-transfer reactions) °| 727 Hoz
oettn wustz o7l 7 2d A e F2 HF3e AT #¥H A
on Mz XAy wee F2 AZ3 AHA BH 9L LE Ao HuFHo U %
A B dFoME A2 nAFR Hete] 24L& wio] AA 3 uE IA HA de
Hlo7 22 Ag wgoz FERIA Fy|F ukgd AT 53 dAF uATEeg @
dy 24 Ag @e Fo] 7MF AA FFL LS £ e FEo A 4 wgoln. o
Z1% @A drge AbA Helel 146 HlEstn ko Ao FHEE 54 I gleEE
TE s BHgME $& Ah Egstld A3 W& #ASAUT

Fig3 & YSZ &2 7¥ =93 LSM Ao diate] A2 2ge dFA fAF 4 &
Z 7179 282 gaste nF JUU2AE 24% Aol Fig3dlAd & £ UXe] R2
o} R3Z WEs FRIHE uYS A £ goen, 7 AP R et BA4E HAE

7] 9lste] Fig4sl & QdEA (L) & A¥ (R), 283 CPE (constant phase element)

2 7A¥E S71322 HAs1 complex non-linear least square (CNLS) fitting program

8] o2 EAsgrt 4 AR AaEg ofE IFEE Fighdl I%E}LH?&E} s

A Rl & AtxESqte] oig 9 YEelR] ggtoed, R2 A8 £& I™EHA
A A B

&:?- A

A g 2

4 BB R3 £ 2B 15 1 DEEES
AES BRT Fighe 7 AR £E AEHE HolFE Arhenius F40|T o714
R 15 24

1& 3" #7o] @AYl 4B FAY AUX gg dehies, R2 & ZWIA &2
LSM A= R,

of that &4 oA g A9 HASIAC 1B EE Figh9 Fig6el 4
=]

Bot o&A3 84 ouix g zels] 2 o, R2 & LSM A= AA Y A5 wgS i
3tm FZE HFolA L}EM‘- RB = YSZ £ mgol os AT 713 FA AY AELR
gadc, d34902 Rl & Bty B3l YSZe AbAole Aty Zaby A9 #
o g4 duA gl o 70 kJ/mole° Uetleg A d Ag9]eln, I ot HA
¥ R3 & AABYG 154 vlgstn 5 g&EH0] AY glv ALE Hol YSZ W 2
S B3 A2 7A9 2 JPARoltt aEE 9o AAEZRE YSZ & AWPsA
LSM A2 AAAR FYo Athol Aunwd A3l FLe 4ith &Y S AR
$ £58 2327 1B tE FiglolXg 28 430 dAdEe $712 8715 8%
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o) A F7tate Rog #udEct 18y Table 19 SDC & 2B H &2 Folv 4
o] Ao Zyle A Y wg &% FrIE FA Futse] YSZ 28 IVY FHE
FL 7T Hee Hole Aoz Azdn

& 727 39 LSM 43¢ 3P 48 F
= ZHe YR YSZ & 10 =Z®E LSM dZE& FFHI HLole 700T
zAAGA o 02 Wem’e AXP%e Yehiden, SDC & 3
F3e Aols 2& ZAAA o 04 Wem’el & A4S S deich
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Table 1. Comparison of the Electrode Polarization.

S ) Coating Times Electrode Polarization Experimental
ample oating Time
P £ (itp) Conditions
LSM only None 188 Wem® 7007C, air
YSZ-coated LSM 10 25 Wem® 700C, air
SDC-coated LSM 10 0.25 Wem® 700C, air

electrode/electrolyte interface

porous
O~ conducting
/ films ———

O,+4e > 20°

@ electronic conductor (LSM, PO additienal triple phase
O O conductor (YSZ, doped-CeO,) houndary (TPB)

Fig.l. Schematic illustration of sol coating on cathode.
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Fig.2. Effect of YSZ coating on the impedance
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(b)

spectra of symmetric cells measured at

800°Cand air atmosphere: (a) non-modified cathode and (b) YSZ- coated cathodes.
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2xZ

7-times YSZ coating

-eem P0,=0.01 atm with N,/O,
Po,=0.01 atm with He/O,
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10° Hz
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10 Hz
1Hz

Q0 pbe x-

25 3.0

2 x Z {ohm-cm?)

3.5

Fig.3. Typical impedance plots of the modified cathode measured with different gas
component at 1000C and 0.01 Poz of atm.

L1

R1 R2

CPEZ2

R3

CPE3

Fig.4. Equivalent circuit used in the non-linear least square fitting of impedance

diagrams.

-225-



10

0.1

A sl7pe=1

slope=0.1~0.2

R omponem (ONM-CITY)

A

O 3-imes-coated cathodefR1
3-times-coated cathode, R2

A 3-times-coated cathode, R3

n .non-rnodiﬁed cathgde, Rp

0.01 0.1
Po, (atm)

Fig.5. Oxygen partial pressure dependence of the electrochemical resistance components

at 1000°C.
1000 b Ea=140~150 kJ/mole
€ 10t o
Q
£ . =t
£ * Q
o 0k E g
g ) a ﬁ N~
g o g s 1 Ea=65~70 kJ/mole
8 1E® . = 3imes coated, R1
o » + 3-imes coated, R2
Y A 3times coated, R3
o non-modified, R1
01 A A4 non-modified, Rp
0.8 0.9 1.0 1.1 12
1000/T {K)
Fig.6. Arrhenius plots of Recomponen: at the constant oxygen partial pressure of 0.01 atm.
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= A ® A * -n A, 0,
2 061N, M, . 500c 193 o S AR, o 850°C 104 &
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i " %o, M 2 04F & o T e o
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. Y i B a -
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00 04 0.8 12 1.6 20 00 04 08 12 16 20 24
Current density (A/cnT) Current density (A/cm?)
(a) (b)

Fig.7. Performance of the anode-supported cell at various temperatures ; (a) with 10
times YSZ-coated LSM cathode and (b) with 10 times SDC-coated LSM cathode .
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