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Performance of Air Electrodes with a Surface-Polished Yttria-Stabilized
Zircona Electrolyte for Thin-Film Solid Oxide Fuel Cells
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Dept. of Semiconductor Engineering, Uiduk Unversity, Kyongmu 780-713
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%= 2 50/50 vol% LSM-YSZ (La,-.Sr,MnOs-yttria stabilized zirconia) ¢] E§3-7]=¢] F2olx Fayel 28] «dn}
% YSZ A A Fa=Egch 1 AF B FAHAEA, X A5G duds £44710 28 d7HART 900TCAA F-
71/LSM-YSZ/YSZ/Pt/F7) Al ths) $AHY AYH AL 2HEJEL 2719) 2448 3 (depressed arc) 2 F4= K
t}. LSM A3oll gk YSZ 9 A7k A3 o] AAA (TPB) 99 & F7HA17e9, o|3lo] LSM-YSZ 337139 v Agg 7
A7k 2% A B9 E5E AA TPB Zol9 £71E 43 A Fddvke F2139) v EE W4 o FaA|5c)
LSM~YSZ 37139 viAdge 2525, 3739 245 JJ2ka7], W/HHF o Asfde] EHALs 28 & 3% st

Abstract Composite cathodes of 50/50 vol% LSM-YSZ (La;- .Sr.MnOs- yttria stabilized zirconia) were deposited onto
surface~ polished YSZ electrolytes by colloidal deposition technique. The cathode characteristics were then examined
by scanning electron microscopy (SEM) and X-ray diffraction (XRD) and studied by ac impedance spectroscopy (IS).
The typical impedance spectra measured for an air/L.SM-YSZ/YSZ/Pt/air cell at 900°C were composed of two de-
pressed arcs. Addition of YSZ to the LSM electrode significantly enlarged the triple-phase boundaries (TPB) length
inside the electrode, which led to a pronounced decrease in cathodic resistivity of LSM-YSZ composite electrodes. Pol-
ishing the electrolyte surface to eliminate the influences of surface impurities and to enlarge the TPB length can fur-
ther reduce cathode resistivity. The cathodic resistivity of the LSM- YSZ electrodes was a strong function of operation
temperature, composition and particle size of cathode materials, applied current, and electrolyte surface roughness.
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Fig. 1. Impedance spectra of LSM-YSZ cathodes deposited on
as-sintered YSZ under various cathode compositions at 700 to
900°C in air; (a) LaMnOs~ YSZ, (b) Las «Sro. . MnOs-YSZ, (c) La,
ssSfo, u,MnOa"YSZ, (d) I_'ao ssrn_ 2Mﬂ03— YSZ, (e) Lao 7Sl'n :\MﬂOa—
YSZ, (f) Lao sSro AMHOr YSZ and (g) Lag sSre sMnQOs- YSZ.
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T7)Fo B2 294l (glycine) 3} XY (nitrate) 9 ]
7} 0.5¢1 284l - A4k (glycine-nitrate) & 344 (com-
bustion process) ¥l 2}s) FAJstz oju) dojx) LSME
12007C, 4A17t 3h4dt ¥, o] 4 e A4
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A BAA] A FE0E S99 AZI] YSZ AR
lemxlem =#1% #H(masked area)Atell A3
1100°C, 42175t £AXA F7153 (ZH53HZ; working
electrode) & ¥Aslsict. AsiA e o2 IR WYL 9
o]~EE 950°C, 307 2Asted WF 7EHF (refer-
ence electrode) & Z2st4ct. oldl HFA A=} (current
collector) 2= W o4 (Pt mesh) 7} WF H o]~ Eo] 2
& Aol 3ot ol=idt & F5) LSM-YSZ/
YSZ/Pt Ao] Evlsleizix, 2AFH3 A d=Z (count-
er electrode) &) FAlE SEMe) & 22t 10mZ &35
°1 it}

LSM-YSZ #7139 ojowxa:= SI  (Solartron
Impedancemeter) 1260 Impedance/Gain-Phase Ana-
lyzer®} Potentiostat/Galvanostat® o]8-s}e] F2 800-
900°C, F71%A4 2439t} (frequency range: 0.1 Hz
-100 kHz, applied AC amplitude: 10mV).
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Fig. 2. Deconvolution of the impedance spectrum of LSM15-
YSZ cathode measured at 900°C in air with the equivalent cir-
cuit after subtraction of the inductance (R;: YSZ electrolyte
resistance, R. charge transfer resistance, R;: mass transfer
resistance, C., Cy: distributed capacitances).



-5.0}
N-2.5F
_ )
N )
25 . . . . 1
0.0 25 5.0 75 10.0
7

Fig. 3. Impedance spectra and SEM photographs of a cross-sectional fracture surface of LSM15-YSZ electrodes

with different particle size at 800°C in air.
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(deconvolution) & BojFc}, ¢lojx] B4 gayis 24 E
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o] 2deyoRRE EAU|FTH(AFHAYY F)o]
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Fig. 4. Impedance spectra for the LSM15/YSZ and LSM15-
YSZ/YSZ electrodes with different YSZ electrolyte surfaces at
800°C in air; (a) LSMI15 with as-sintered YSZ surface, (b)
LSM15 with polished YSZ surface, {c) LSM15-YSZ with as-
sintered YSZ surface, and (d) LSM15-YSZ with polished YSZ
surface.
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Fig. 4= 800°C, F715 ol Aelgk YSZ EHA ] F3
% LSM15-YSZe} LSM15 AT 2 e S35 ¢dd
2 2¥HEedyL BoEo), «ulE YSZ 4 (polished YSZ
surface) Ao 225 LSM15-YSZ9} LSM15 3¢l 9
i 27} adutslR] 48 YSZ X9 (as-sintered YSZ sur-
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dart Fd YSZ FHdel $3€ LSM159] AR
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5 &3o) 7]Qlsle FAHA it oz Azt

Fig. b YSZ dujxw4te]l F3d LSM15-YSZ9]
TPB 999 NB=§ BoFr). Fig. 4414 dF3td=ol
%43t LSM A39 TPBE YSZ AdAte] At s}
LSM-YSZ B3¢l TPBE AH®at ofvzt AFAA
el Exjgct, Azl YSZ Asid ZHo dvlke
LSM T}l »=md (contact area) &) Z715 o]EF3 o] A
st 4& TPB &Aol9) F7+E op7|ge & 5+ Arh

Fig. 62 800TC, F71%dA 24 ~0.17/m, ~0.26:m,
~0.32m2} 3709 Aeld FHAA7)(surface rough-
ness) & 713l YSZ RA#Ade) 229 LSM15-YSZ A2
2 237E &A% Judx AgEF S BAE) THA
7159 daE YSZ Aside] BRAAAI) F7E
o wet FHadte FFE BAFE ol Fig. 594 %
sg5se] TPB 8% F7iel #H=e 2o F. H.
van Heuveln'® & YSZ AsAs oig LSM <) 34
=719 BFYAAY) D F HESHAH NG AAGA 4
ol AT E Z1hg Rllg o] 43l £AlH o A A
3L QT o|ZRE FWAAYY FIF AMA 99 F
7hell d&E mA P} A & T Aot

Fig. 72 1A/cm*e] AF7L 34 A3 4 Bolyt YSZ
A AL Z25 LSM-YSZ #39 ¢ns 2¥edy
Eg nedFe), XL 900°CANA 24 A7 ES 1A /em?e)
AF7t $AE 7] A FAG F 48 Y 24417 Fo) 47
o] o}, o] AN fe °lu] AFIF AT
F 4% 9 24417 Fo) AR AebER] ¥ YSZ A
of 2%% LSM-YSZ A AMge] AF FHAFN =4

. effect on YSZ—YSZ in electrode

: effect on YSZ—YSZ in interface

: effect on LSM—YSZ in electrode

: effect on LSM—YSZ in interface

: effect on TPB at LSM—YSZ in electode

: effect on TPB at LSM—YSZ in interface

: effect on TPB at LSM—YSZ in interface
due to surface polishing

Fig. 5. Schematic illustration of triple- phase boundary region at modified electrode/electrolyte interface due to surface polishing.
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Fig. 6. Impedance spectra obtained from LSM15-YSZ cathodes
with three different YSZ electrolyte roughnesses at 800°C in
air; (a) as-sintered YSZ with ~0.17m roughness, (b) YSZ pol-
ished with grit no. 400 SiC paper with ~0.26/m roughness and
(c) YSZ polished with 1/m diamond polishing compound with ~
0.32/m roughness.
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of @} o} o] AFTE HFETHe AHE Bk ¥
A dvbd YSZ EHAre] $3¥ LSM-YSZ A= M=
] A/ FHAF 246 g} O 0B AHFTE BYF
e, 7| drpda duly A A S
La ;- SrMn0O;-YSZ (0<x<05) F7]=e =4 FdA]
71 Aolgt o] AFE BodFE x=0.159 0.29) HIF=A
2] ol HaE vl glct. 2 vt A ol F
g 37159 a2zt o) e AdF§ vlelte] duly)
2] & AL FEE FU)F] B g
& 4 A3, =3 dvpdEe] Aol S 35
o|¢tAFo] thE-& & 4 vk dvkE "R Sl
7139 AS AR EGY F o|¢A)7} (relaxation
time) & F7iet #A AFsdde] 3 (low frequency
arc) & Z7|7} %715k Wb 1Faed99) 3 (high fre-
quency arc) & 7= A9 Wit (&S & 5 sl
25 oA Fig. 29014 dF3 ule} o] LSM-YSZ
FellAe E-olFETAH (AFHRAG 3) o] Auial
T ZAXA| (rate-determining step) Y& & 4= U,
Fig. 82 900C9AH 1A/cm*e AF7) £33 HFE 9
LSM15-YSZ/YSZ/Pt A4 &7 wel i SEM

o]

—_

A
4
=

3 0.3
La‘).ggsro_ 1 sMnO;-YSZ Lan S!‘o,zMnOrY SZ
02}
2 r
01 (©) (2)
4t z
! 0 Lo\
(a 0.0
0 T (b |
04t
I
o 1 ) 4 0% o3 o4 05 os 07
z z
<LSM-YSZ cathodes deposited on as-sintered YSZ>
0.15 -0.2
Lao 8sSro.1sMnQ;-YSZ Lag sSrp2Mn03-YSZ
0.10}
(@)
© 1 01} ®
-0.05¢
le le
0.00 i A
L (b) -0.0 / | l
0.05} _ ® (@
0195 o2 'Tzsz 030 035 040 R Y S—Y 0.5
/] Z'

Fig. 7. Impedance spectra of LSM-YSZ cathodes before and after passing a current of 1A/cm? Measurements were taken
at 900°C, (a) before, (b) 4min after and (c) 24 h after passing a current of 1A/cm? for 24h.
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<Polished YSZ surface>

Fig. 8. SEM photographs of a cross-sectional fracture surface of LSM15-YSZ electrode with different
YSZ electrolyte surfaces (a) before and (b) after current passage.

oo ARlg BeiEth LSM-YSZ F7138 SAMe) sole
. SEM & 918 whe) A2y 93 ol4e] A% ¢
5] LSM-YSZ 27139 237} Eelsiolnr] AEelct. 24
- ol 4] 2F-e) FHAE o) Aujel LSM-YSZ 2713
2 15000) \ ulaT2 Wi BEEA Wbk
Z 0000 >0) Fig. 9% YSZ As)azt 900Cel4 1A/cm?e) AF7}
ol  \U %349 5 LSM15-YSZ/YSZ Ael4 LSM15-YSZE Al
o @ A% ¥ YSZ A&l x99l XA (X-ray diffrac-

PN e e Y tion; XRD) HR¢ BeiFch HF7} F3F whs) Ao
YSZ ®we] XRD Hv4te] Wiste Q4] FAHA] skt
Fig. 9. XRD patterns of (a) YSZ and (b) the YSZ surface of

3 3 o, 3 T o kU 3
which the LSM15-YSZ was taken off from the LSM15-YSZ/ F:g' 83} 92k 7%“ SEM= XRD ?-4 _@-\—]-i-?—&{ “Zj
YSZ cell after passing a current of LA/cm? at 900°C. AF7E B33 A5} dvtal dnpd A FHA] F
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A% LSM-YSZ AH=9] o2gh o|¢ AF (relaxation be-
havior) & Zejol] it HEF Yde & T ¢} @A
A3 AfAde BHAAY g} 71T Yydxe
g oA AFE RoFthe A Ao dAFoA A
F7F 34 A vy He AT AFE 1A= LaoSr
o MnOs-YSZ ZAe] & Ay ZATFNA 713 f ¢
AFA gt g A2 At

4.8 £

SOFCe Az d A5F4& 48 dvkel YSZ daA
Atoll Z20)x= 23y (colloidal deposition technique) ol
o4& u)" 50/50 vol% LSM-YSZ #F7|=(LSM=La,
_SrMnOs(0<x<0.5)) ¢ A3y EAo] Yodx
Ao g8 A7 Hck 900CY F71//F7) Aol o
gAY Y 2HEYL 2709 F40% 5 (de-
pressed arc) 2 o|Foi&& & + Ulerd, F7FY
dHRaE FFLEt FUHE) e} padte A 2=
2)&AL HWoiFgin}. LSM-YSZ E7)159] 7|8y 4
T T3 A=A FE4-E, YSZ Ao 59
AR} 2718,E GE TPB Adeole] Zvtel 7]qlsto
FArE O A, =3 LSM-YSZ 37139 H¥e
ZA, AR 53 22 AP =0 A8 d¥g& gk
ovi, YSZ X9 odn} 53 22 AHA/2AT A A
Z% (engineering) o o8] ZA FAE ). o|2EF
olF AYZA L Ui FINFY B4R ol Vet A4
E Ax2 Y 45 G N3] € d%& F zle=
7)o glct

=

aAte 2

o] B2 199995 YITYELANEARY d7u]d oja
of 2] =918 (KRF-99-003-E00547) .
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