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E
AR 2 LSM (LaggsStosMnOs) &71=0] whbs A3AIA (triple phase boundary) =99l YSZ (8mol%
yttria stabilized zirconia) ZE'Z (coating film) -& VAN Fr7l2 APARE FA U NEL IS vATZE
z¥= B3} F712 (composite cathode) 2 &It o] B3 37128 A FAVE < 30 umR] AEF (anode)
XA Sloll #AEI 700~800°CY] =AM HAFALG 54 2w UL #4418 AT 800°C, ¥V B
F ZZo wFH Yues B4 Ash 1000 Hz F345 99S dishs AR RIS As= 5 AP a8t
A3 100 Hz F34 999] AR R2E 3712 B3 A% 4%, 283 10 Holst Y99 AR R3E W3S
53 7|3 AR R B3|, 2E F 3] 2 4 BME A8 F 9Tl o3 ZAEE A%
AEAS & 5 AT AT ZA Z o] B FrISS AR WA 800°C, F7] B Ab: Az
0.55W/cm™} 1W/cm®] & AXAASS Uehiic) AFH% 4L 7187 d2 F e FReEJeH, ¥
2 AFUE SplA Hols FAT AWRA 7 IS ESARe] 59 AT Age] 9] v, 12 AFEs

Sl Ebe et Ag Ba 77he dsdd BdE 22AYo] 28 A% Aste) Aol

Abstract : YSZ (8 mol% yttria-stabilized zirconia)-modified LSM (LaggsSre1sMnO;) composite cathodes were
fabricated by formation of YSZ film on triple phase boundary (TPB) of LSM/YSZ/gas. The YSZ coating film greatly
enlarged electrochemical reaction sites from the increase of additional TPB. The composite cathode was formed on
thin YSZ electrolyte (about 30 um thickness) supported on an anode and then I-V characterization and AC impedance
analyses were performed at temperature between 700°C and 800°C. As results of the impedance analysis on the cell
at 800°C with humidified hydrogen as the fuel and air as the oxidant, R1 around the frequency of 1000 Hz represents
the anode polarization, R2 around the frequency of 100Hz indicates the cathode polarization, and R3 below the fre-
quency of 10 Hz is the resistance of gas phase diffusion through the anode. The cell with the composite cathode
produced power density of 0.55 W/cm® and 1 W/cm? at air and oxygen atmosphere, respectively. The I-V curve could
be divided into two parts showing distinctive behavior. At low current density region (part I) the performance
decreased steeply and at high current density region (part II) the performance decreased gradually. At the part I the
performance decrease was especially resulted from the large cathode polarization, while at the part IT the performance
decrease related to the electrolyte polarization.

Key words : High performance cathode, YSZ Sol-gel coating, Anode-supported SOFC, Impedance analysis
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BAA] (Solid Oxide Fuel Cell, SOFC) © 3] A4 dkxd
Azdlo= spdo] PET Q= AF AEHA] (Phosphoric
Acid Fuel Cell, PAFC) ¥ &8t A8 HA (Molten
Carbonate Fuel Cell, MCFC) Xt} S|&=A o] AJ&Eglo.
v, HZ F453 Al Ve 2E9E PAFC 2 MCFCe ©)
o] A83lol| o]F Fo|th) T ol9} 2o A8 s
A et 28 2 7] BAIRES SESomt 3t &)
thgFoZ JMaEa Qs SOFCE AA AE 2571 1000°C
FoF a1.20)7] wjiFol £l (separator) ABE 7}F0] 4
IR FE5 ARE ARRE & glon 13 AXE A7
F3e Tl M5 QA= 242 il ukE wFHo] 74
o224 AR o] HAEE WS veRdth Y ueby 1A
9] AF 2 WEe o] niAE olE fl5l] A B
< A7AEC] 600~800°C oA HEshs A3 SOFCY] 7
< S8l B =8 VIEoln UttO ey AX| FF 2

g 33 T A, £ R A3 (internal resistance, IR)
I A= B (electrode polarization, 1) &) F71= Ao
2 gk

ol#fgk
o2 Axxr} H& A A&, JE S Ce0, FE
LaGaO; 5ol g A779e} 71&2] YSZE ARRsls] s
FAE & wglsle WHoE Wi AFe e dF
3071 YT glor, HF BIe e k¥og:s 5%
HEA (mixed ionic and electronic conductor), & &
LSCF (La,,Sr,Co,Fe;,05) E= LSC (La;,Sr,Co0s) 5& At
|3l 53] ZA7F == &712 B3 (cathode polarization)
< 95ee a7 ARSET Jok0 ey olgigk A A
A5 - SOFCY] A4 2% 259 8= & e 4k
B slollx] 722 A 38k kg Aol B!V} Qlar, LSCF
B LSCY #2 tiAl 2715 AEE A eae] Hike 9
& 202 A4 u) F7S/YSZ A AWA A3} =
A LayZn,0; T SiZr0; F°] dAEo] R Age 37}
AZ1aL A5 vkl tigh @48 AAAA TR B2 )
AIE o] FAFCE AHHEa Jiut? wepa] B At
= T&2H 9 334 Qggo] o= Hx #HEH T LSM
(LaggsStg, sMnOz)/A5]E  YSZ(8 mol% yttria-stabilized zirconia)
RIE= Ni-YSZ cermet € FALQAE A3l o5 mlA|
TZZ Aojgre g 700~800°CNA AE 7153 SOFCE A
TR 3 FU5 € I8 ZZd did AR
(symmetric cell) & WF FHG2 24 AR} A8 XY
AR A ARE vw BENFo e A= AXF A
A AF-AYG 54 hAEkAT

2.4 H

21, A83 XX ¥ wfob MSE M=

NiO %3} YSZ (Tohso, TZ-8Y, ¥¥) Eurg ZAnB|2
50:5008 &gkl Eg &, o] E3F Euol disle] oir] B
|2 24%2] EA (graphite) 2L 71ZIAZ Hrlele
Edsiqrt. o] & 8% 45 78 A¥skar 1400°ColA 1
A 288l 7138 40%E Zte A5F ANAE A=Y
t}. o]% yszZ &2lE dAg= AR ZESk 1500°CelA
A 2F o2 Fig. 13} o] FA| oF 30 ume] Asjae
A= ARA Aol Fgia). HE 8T ARA L A7
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Fig. 1. SEM images of the anode-supported cell sintered at 1500°C-
for 2 h : (a) surface and (b) cross section.

22. CkB34Y YSZ 9fo| ZEIE LSM 37(=29] M=

LaggsStg,sMnO; 22 (Praxair A}, V=) 254 183 2
2 g AE29AE T &£ E Az o
ZeEE oM AxF 5T XA vletysz AsE 9
o Blo]= 7|28 (tape-casting) HS ©]-83ld 1X1cm? BA
9] oF 60 um~70 um FAE FESFHOH 1100°CAA 24]7H
2] LSM 37138 AZ3Th

ol#g WHoR AFE LSM F7Fe AMIAA F¢o
YSZERE A1) flsle] YSZ & A FY (dip-coating)dh
Fom, YSZ &5 FHI T v IES 9% k exe
600°C, 2A7ke 2 TASIHTE YSZ £ Zrn-butoxide (Alfa
Ab HEHE R Ve BaAFoEN AlxERod, ol &
At Aihs 27 chelating agente} F| 2 ALSSIITE LA}
ol= ol EE UF 24 ) BH7E 1:30:22:1.2¢ 0
Frslal M3 R25ol &8 ARE = UAYeH yttrium
nitrates &SI o]AT 2 AT {AG R|EFjo} Eof FH
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YSZ Z9 Az gt 8- old B0 xA3] 2vi=
o] o}

2.3, ™7kt £H

Fig. 20 2713}t 24 X5 et} SOFC A5 =74
A2 g3 Aol ARE] o} AR 219} AeEe] 9]
o AR & VA AN ¢V 2 MYEe 2R
A AL, F71F ZF VIAE Pyrex PoE YEEo] a2
715 & GFuud ko gt 2wE ARkEdut g4

=
=

ok



60 J. Korean Electrochem. Soc., Vol. 4, No. 2, 2001

Current Voltage
Lead Gas in Lead

J
=

ity
iy

W

|
|
i
1
b

Quartz Tube  ~

Alumina Tube <

L Current Collector

Anode —spupport

Pyrex Ring

Cathode

IGas out

|
= =
& =)
| T.C.
Current Gas In Voltage
Lead Lead

Fig. 2. Configuration of a test cell.

A (current collector)Z2E AlfaAtZHE 73 Wa%d (P
gauze, 52 mesh, 0.1 mm wirey& AMS3R] Ay WAoo A
Ao BHEEE ARNE AFIYL, AT g Boh B
A Z243517] 981 P+ 13%Rh FARE A= T 2
AFsle] AT 2EE BAIAT BE ¥ 7IAle MFC
(mass flow controller, Unit, T}=HE AMS3led Faten, 2
o W 3NF & AR Ak, Ah, 3, 8FE RRE S
3 FH9Ia, 98 & HIRE T4, Fh, AF RE &
& FEetATh =3 A fERe WA 2Tt WskA) HEF
400~600 cm*/min®] 502 FFsle] B 4, A olgs
S Ao N EAAYE (mass-transfer) AFS FHOIgh
HAElEen, A8 JAlE 20008 EslxoA HERAZCE
R oF 23% HO7} H7HE=E sk

A= (symmetric cell) £ F 1 mm FA9] YSZ 3|
A G e 7)Y F7NF EE AEFE A7 I-EY
7] = dariE £97) slM Sgsded, d85 AA
3 AR (full cell) 2 As S Soll B3 uieh
o] Fig. 29] Ax|olxg}t 20] Pyrex HS AXFOZH A=
3 7139 ¥hg71A) EdEe RS WA

BE AR A% L 7 4 LxA dIPL F4o]
3 Agejo] E2EUE W 700~800°C AlRIE 2=F WS
FIHA 23 at. 1F 9uds 2 AR-HY S
Solartron 1260 (frequency analyzer)?} 1287 (electrochemical
interface) AXE AHESIH oM, wF PHU20] B¢ 1 mH|
2] 1000 kHz Bl S4E 2B, BIAE &S T8t
7] $j8ld AC JEL 10mVE A
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Fig. 3. Evolution of electrode resistance (R.) with the number of
YSZ coating.
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Fig. 4. Impedance spectra of the anode-supported cell with 10 times
YSZ-coated cathode at different Po; of the cathode with maintaining
the constant PH, of the anode.

YSz 28 357}t 7Kgl wet ASAYe] gAsen,
800°C, Z7) BE7PIME LSM 37159 AZAE gre] &
32.5Qcm? 91 A YSZ & 1001 =B HAFe| ¥ 057
Qem?2 ¢ sl A A=A e JehidT o] & 7
etk AT A% ke ve A3AEE FHE 2xd 71dg
AYEA (LaZr, 072 AR Al o34 YSzZ =89S §
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At

312 @AA AY

YSZ7} ZEE LSM 37158 A% d8F AXF AR
IE QIEAE dA8F & ARG IR A INF F
AaBoke WA AN 25T 1 AHE Fig. 40 et
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qE VERIE ROE 3715 & AkAESte] 98 X da o
g 2rS eI AR ER1AR) a5y & AeE
HA RO= 3 Ao digh JEog E3ie] Hal® sof
S WO opieE}, B Ao A o) =RI10Ng Edlo
ROZ} A Aol sfidshs B nf QloUZ Fig 49
ROE YSZ AsiA A sk Feo=z ssiuct =3
1000 Hz ©de] 3150} gHollA] vepd wkgle] g gdE R
o] % AA] ARl el FERS B ke ARolnE
A5 XAl MM YSZ YA E LSM 371=F AHAR
T BAE YSZ S B3 olAT AF JEo= T
4 3o, & 3 RIE 3713 B A3 34 Qe
EF 85 A3 AReEx s = Qirt. Wb 100 Hz
29} 10 Hz F2olA Veple wkle] A3AgE R29F R34
AESe] WolAFE AXe RS £ F Utk ©lF 10Hz ¥
ool R39] A% F7IF A g duuis Fojede
k9] LSM/YSZ Bt Ao 2] 7A|gkat Ak i 8kl
31 o'9 AkEgte] 0.1 atm ogelAE 0.01 Qem? 031
)9 2o 7hE YehileBE Fig 49 ©EA] uux 24
AN & 4 = R3Y S AAESE 0.1 atm oldollde 3]
Z 1A AL ol9de] thE AgAgEo] xFso] 9l
ZAoE HwAETh I8 EE RI, R2, 2831 R¥7} 2h= 3]
15t oulg A3 B4 HsiM FU1F & B dvl
ol dES ¥t a8l &Y 250 WE AnE THH
oz BEA3jedof st}

R1, R2, 12|31 R39] thgh 409 938 dolr izl &
715 & 7AE V2 2AAR Aol ke WEkA)
718 AHEAE 24N Id8F = AR e wHile A
A Z1AFEE 2PN A NS EFFeEN FARg)
= 2L, o] W kR 25w I3 eRE Hrd
7] B4 YAES FAHT. AP EAE Fig. sol U
EpfiRIR0], Aol wold o R2E A9 IR ¥a
RIZ 7 248ty R3e F7behe ZE ERIsi. &g
19.5% H, 2794 A il 2e 3] dEL2 AR 2
7 RIZ A 37t o} 22 Fxe] A YeERY R2E
AHe] WslEA] efgker Ry} TAdle @4 BEEIT u
ZA R3e ARG Wb F 7A Eibl ogk MadEe s
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Fig. 5. Impedance spectra of the anode-supported cell with 10 times
YSZ-coated cathode at different PH; of the anode with maintaining
the constant Po, of the cathode.
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R2E 3715 & 2R EQteltt g ik 8= & 54 B
H7lele | 1] g AoZ Hol FVF 5 AR
2 AdEt Fig. 59lA Bold F& Rl A3pdRo] a8
S B AdEolA 23l ZASus Folok v R10] &
83 % 37130 TR YSZ YAE B kol Ax A
RS VepdthE B AFzAA YSZe] AkiolL HixlE]
TE % olexe ¥R gv 2% % ARAEQF W0
A7) wfiol] Ak F FAE]te] 3RS kA glololgt dic)
Jiang 52V Ni 98350 gt dudx 84 FH3} dAg=e]
AL A5 RE7IAe] 239 H,09 = ik ofy
2} Py,/Puo®l Hl &, Q8T S Al &gtk B
At A8 S taESte] H09) H7F = Py/Pyyo B
9] g ZIIBto g Ni 99 Brt 28 F3 Akt &
st AR Ni-0 EANA F8 71848t wkgrla)el
WA = YSZ AsF HHoZ gpillovershe A8 wk
& AAYUES ARSI B AFolME 800°C SAH2500A
A = AAEQ0) 6.7X10%atm (97.7%H, + 2.3%H,0)114
1.7X10%atm (19.5%H,+ 782N, (or He)+23%H,0)22 &
7¥ehe Z710A] Jiang Fol B Hiel Po] dg= & B
Ago] sk @AS BASH oM, 3 Fig. 49} Fig. 59
F71F B AdET 479 9k Z)Ae] igh ARl aAE
ot &AL ZF)El B u) RIS G BI A5l g
Ao Pereo)
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Fig. 6. Impedance spectrum obtained at 800°C on the anode-
supported cell with 10 times YSZ-coated cathode. Circles :
experimental points. Full line : deconvolution results including
setup inductance.
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Fig. 7. Arrhenius plots of Reomponent 0Of the anode-supported cell with
10 times YSZ-coated cathode.

Table 1. Summary of Activation Energy Values

Samples Electrodes RO R1 R2
Symmetric Cathode 70 £ 5 k¥/mole - 140 kJ/mole
Cell Anode 94 kJ/mole -
Full Cell -

64 kJ/mole 82 kJ/mole 131 kJ/mole

2z} 9yl F4o tiE}e] complex non-linear least square
(CNLS) fitting program®?-& o}-83k4 deconvolution 3}%.0.H,
WEHA BHE Fig. 6ol EIATE. Fig. 72 Fig. 6914}
Zre oz RAE 7} RO, RI, 221 R2 i FES
259l A% thsld TA)E Arrhenius ZAlojt}t. R39] 739
800°C olate] 2ol R2 AHeHgiel] 7k duds S
AoA wg B2 = it Fig. 72FE ALk 24 A3
Bol &AouA] kg F71F 2 85T tAPAZRE I
AsfA APAAE, 37 AR, 28l 5T AFAE 2
Z+e) B4olldR] gha} vlxgt AE Table 19 22Fsltt. o)
ARAERE 243 B4R ghEe] dHANN S-S
ERg ozt & ke Yehiioy rRoE HsiA A, RIS @
53 B2, R2E 3715 BI3AE tigk E4944A) g%
Aol 2e e Jehidich meEta Aellx] AFS nkek 2ol
ROE A8 A3, RIS 987 ¥3A4F, R2E 3715 854
g ARAS IRIF F Ao

Fig. 82 200717 3 ¥ @34 9z 419 wsts
Uelis a8og, A8 %o 7)A Sld] BAHE R3E A
Sleta RE AEAEo] XA Algte] F7Eel wet $71
3o & 5 itk F, SIS ERE AR gl mad d3)
A A3} RO ¢ 16 mQem?, A5 BEIZAY RS o
125 mQem?, 1831 715 B2A3 R2)E 9F 39 mQem?
718k Ao Yehdtt webd 31 IFEE (1A/em® oPhHE 7}
AU & AARE sk Aele 3715 5 RY) B
olzl A8 R1) ¥I3% IVIst WA S TLAH
B3] B A3dA AES 98T ARY Axe B 3 =
7] 8= BIe 375 Bl vigld AT 1 ARE=
SR = A 4 A AT B Fvb HA 4 2a
9} 23 Hlo] B ¢ F UM, ol AuF 5 4
B Nt 2Zge wet vehe @4o= wdErt
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Fig. 8. Impedance spectrum change of the anode-supported cell
with 10 times YSZ-coated cathode during the cell operation.
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Fig. 9. Performance of the anode-supported cell with 10 times YSZ-
coated cathode at various temperatures.
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221918 & 4 Ut} Fig. 10& LSM 37157} YSZ £0] =
HE LSM 37122 A3 Xol dig 800°C, 719 At
ZAdM e AF-A} B4 FAolch Fig. 10@)@] LSM 5+
F7FoE FAF) AR gk FE AT 7] AL o
A AF (Fig. 3014 & 4 UAE nie} Lol Aot F
715 BZolQt}. 53] AFAY FAolAM B AFIUE (part
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Fig.10. I-V characteristics of the anode-supported cells at 800°C:
(a) with non-modified LSM cathode and (b) with 10 times YSZ-
coated cathode.
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