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Resistant Characteristics of AAO-Based Thin Film Solid Oxide Fuel
Cells Using Ni-GDC Anode by GLAD Method
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In this study, we fabricated thin film solid oxide fuel cells on nanoporous anodic aluminum oxide (AAO) substrate for low-
temperature operation using the all-through sputtering method. To deposit up to a three-micrometer thick anode with both
porosity and electrical conductivity, we used the glancing angle deposition and co-sputtering methods. For the anode
materials, we used nickel gadolinium-doped-ceria (Ni-GDC) mixed ionic and electronic conductor (MIEC), which improved
hydrogen oxidation reaction reactivity at the anode side. TF-SOFCs were successfully operated at 500°C, and 223.6 mW/
cm? was their highest measured maximum power density. We conducted structural and electrochemical analyses to figure
out cells’ unique resistant characteristics, ohmic resistance through the anode thin film and polarization resistance of
reaction area near the narrowed anode pores. We found how the anode thin film thickness affects the current collecting
performance and the anode reactivity, and their effects were qualitatively and quantitatively compared.
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1. M2 A2 G99 500-600°C FF=olA 2HgA7]= vhet SOFCe 7id
o] FEuY rH6-9]. SOFCE] A5 AFolr e 243}
A FeHE A F A (Solid Oxide Fuel Cell, SOFC)= ©|Ez] =4 (Activation Loss)9] 571 2 A A 2] o] AL 7h4o
o} QP 3} A= ol(Yttria Stabilized Zirconia, YSZ) 52| A w2 A3 (Ohmic Loss)e] £712 oF7]3kt}. o|w] wluf A3
AEES AR AMSshe A8AAR, A2 Ze wE AL A& SOFCY A-g3tA Hal|dedx 9] o] M= AR fhiol m
7hedt AR o, HE] AME rFeAeRE Qe =2 s g} o] & Ax A3o] Aoz AL FF Al A &4
BE, O 2 T ts AHo= 13 AL dHYe A7 AL AAME FHE A e ATE 5
AEHI UTHL,2). AR, A AbslE AFde] o] M= TH6-9].
AYZ A 2k 700-1,000°C2] 2L FAoA ZEHo] gow E3] gt At ollz} SOFC #4845 25 dho
2 QIg A5HRA] ¢ i Avle] €& U5/ (Thermal Durability) 2 AFshs ATEA HAEA T 71980 F Ak &
olfp7F FE3E] Al7]Ho] Frh[1,3-5]. o]dl it s Aetew A F(Anodic Aluminum Oxide, AAO)S AF&-3 A7} Ea3] 213
SRS 4 nfo]aHE o]ate] vbte] Fe) 2 A|Fstar, H]w A =o] SITH10-14]. o= AAOS] LelA 9] st 718 7] =

ol gold, At 7hsAdel 71t A el mEw
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= 7 71l weh E=4 3 (Polarization Resistance)®] 5713}
3, A= Ul (In-Plane) W3o 2 9] 3*8(Ohmic Resistance)®]
Ed WIAAE 7HIY13,14]. o= AEF A St
o} E«] QJ% Bt Aol o]FojA = 7o) WA AR
Bk 5 AEF 4FshhS(HOR)O| dofuhe 4H3A™
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AP R 1) 7 (Scanning Electron Microscope, SEM) /\}{T
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. Ale "HH (Experimental Methods)

2.1 & Hi=t

ukek SOFCE] A12He $18k 71#e 2 Ha AE 250 nme] 7]F
< 7= A8 AAO 7131 em x 1 em x 100 pm) (Inredox, USA)S
A3 T AAO 713 Aol Ni 9 GDCE YAHL 45°Z GLAD
A 29858t Ni-GDC Q832 St AHEHYPe 2
717% 6.67 e* Pa (5 & mTorr) 2 Ar 7}2= 8.00 Pa (60 mTorr)<]
3730l Ni &< EF(RND Korea, South Korea)?t GDC Al|2}2]
EF(20 : 80 mol %) (RND Korea, South Korea)oll 2tz DC 200
W, RF 50 W] 3}9]5 Al-g-3te] 183151t

AE 7+ SEEe A85 T S Q8o 7 AE9 o8
= 2=9HY NS 28592, 47 800, 3,000 nme] FAE F
skt ﬂﬁ% FAZ 800, 3,000 nmE A3 o] & v
2tk 7129 22 71337180 nm)yE 7HAE AAO 7]FelA 9
Aol WHAAE #FE 71E AT B¢
FAE AHEEIALeH, HAAH TS 800

g
S

Az T w}%
300-1,000 nme] AE

nmol| Al #ZETH14]. &
7% 271250 nm)Z A= AA

%L—t— 71 A o] of 3w o 2
e Ao H FAE

Ar 60 mT

Fig. 1 Schematic of GLAD co-sputter of Ni and GDC on AAO
substrate

sF4 9 A4 A B A4 BAE 7IdEAr] dE
ol 71& A& T welel oF 3ufel] sEsk= 800, 3,000 nme]
AS5S FAE AR T =HER 4] e ol
Fig. 13} 2t}

AA Aol i dajd B 375 s =24 9 AR F
Zsieh. WA, Asde AF 220 Y/Zr = EFL(16 mol %
Y) (RND Korea, South Korea)S ©]&3l Z7]7F 6.67 ¢* Pa
(5 e mTorr), Ar/O, E&7122(80 : 20 vol %) 0.667 Pa (5 mTorr)
o] 3704 RF 200 WE 25813310 800 nm F712 23319
ok oM, F7IFe A& 291x Pt EFI(RND Korea, South
Korea)2 ©]-&3le] 27|17 6.67 ¢* Pa (5 ¢ mTorr), Ar 7}
12.0 Pa (90 mTorr)2] 74l DC 100 W2 Z=HE|F3}e] 150 nm
AR 38T

HEH o2 AAO - Ni-GDC (800 nm) — YSZ — Pto] 2=
7+ A3, AAO — Ni-GDC (3,000 nm) — YSZ — Pto] #+-2&
7R As Ao, 242Hs ‘Ni-GDC 8, ‘Ni-GDC 30°%
=2 gt

2 77 ER1E ¢
3 Ale] T 7 (Focused Ion Beam
Scanning Electron Microscope, FIB-SEM) (Quanta 3D FEG FEI
Company, USA) AFZ1S &+

Qs Aee JF 2
AAO 713 ol F2E 4
A zde] AAYEY FAPIAE R (Field Emission Scanning
Electron Microscope, FE-SEM) (SUPRA 55VP, Carl Zeiss,
Germany) A& 2431

A% ooy FAARE

< |

s al 71545
AoAE FFHE ARSI SR = 38 A7]88) £4717]
(Reference 600, Gamry Instruments, USA)S A3t Th A3
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AR B ZA/MOCY) - 0.3 V Atole] At welol tis)
0.01 V €%, 0.025 V/s2] £ 2 Jafsigiomn, M71358 ovd
Ea £ 0.6 VoA ZZ 30 mV ARRITZ 2-1 MHzS] F34~
Helelx St

o] z 9= d2 717} Ni-GDC 8, Ni-GDC 309] &
& F

il

th. WA, Figs. 2(a), 2(b)2] A T SEM ARleA 7} Ae] mg
Zol Btg] 5o 5dg Agglol YA FAEHUSS AT
Ak 7 Ao A8 FAE 247 800, 3,000 nm=E 21381
on, Maldz 1T FAE BT TdsA 22 800, 150
nmZ AT}

AZF9] 7% Figs. 2(a), 2(b)2] SEM T ARzleA] A4H
(Grain) Alo]Ate] 2 AR ko] 758k 71FE] t 89 7hs
3t} o]50] 7|E AtelA] HALE upe) o] FARA ] FH R
A8, A5 FA FAYEAFE 7159 Aje] AX=
Aoz AAEUTE AAORRE] oA & 732 Ad5EF9 74
7t FALEASE 2Ebe A e #9lo] 7HEsttH17-19]. ol
F&de] JE2 Figs. 2(c), 2(d)e] 5T EH SEM ARl =
HHog gelgd &= Ed, Fig. 2(c)2) Ni-GDC 82 A8
o] A% obd AxFe] FAVE HwH gkl F4A AA=] A

191 A2 shak A ol9olle AA Y AlojAlo] 2 m|
@352 B3t vA 7]F (=T SHE Al o] T Kol Wk,
Fig. 2(d)2] Ni-GDC 309] 7§ w2l A Ex)sht, 0|29 v
Al 71Ege bgiRE 25 de BE5S FT 5 Aok

a2 o] 9 Figs. 2(a), 2(b)2] SEM T ARleA] AE=9]
AR 71F0] olofA7]E s, T Ftell wet 71ge] 2 7Y
o] o]FoRE Ao Helth AT, Figs. 2(e), 2(H2 As)2
EH gl A3 2(e)9) Ni-GDC 89 A% =& sMtE=E FASH
A3 o] A3)A Frdel vl 281X Zgt v wjAlg 75l
AT EAsks AL IR0 4 Aok ¥, Fig. 2(H4] Ni-GDC 30

7S a8E 71go] ElER] gt ole daejde] 53 A
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3.2.1 MEFAELIEY

& Aol AWARQl AF A g HnE 98] AFFAIE S
ARg-Ele] AL Hlo|HE HlEO 2 Fig 39 i-V-P FAL R
Atk FEL $18] Ni-GDC 89] 739~ 534, Ni-GDC 30°] 75
ARMo 7 FH3IAUTE Ni-GDC 8, Ni-GDC 302 z+z} 1.081,
1.049 Vo] OCVE 7|23}e] Ni-GDC 8°] PAlEHA O =& oCV
£ 7153kt o3 s OCvVel AFeol& Figs. 2(e), 2(He sz
EH SEM ARE B3l 9L F53] ¥ 4 3t Ni-GDC 309

IR R T T\ R
Dy a8 A £

Fig. 2 SEM picture of (a) cross section of Ni-GDC 8, (b) cross
section of Ni-GDC 30, (¢) anode plane of Ni-GDC 8§, (d)
anode plane of Ni-GDC 30, (e) electrolyte plane of Ni-GDC
8, and (f) electrolyte plane of Ni-GDC 30
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Fig. 3 i-V-P curves of two cells measured at 500°C

e Asld oA Bk AR 71A] X|wto] o] Feixl whA,
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71EH At} ol o oCcve] A, MEolA AFS AF
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Fig. 4 (a) EIS results of two TF-SOFCs plotted with line graphs
fitted by ECM. (b) Impedance values are divided into ohmic
resistance and faradaic resistance, respectively

3.2.2 M7|5f5t Qu|HA 22 (EIS)

& Al sl HE5E A7Iske dads 23 A Fig
4@t Zth SAAIE Fig 4@ FHS Ao FrrslERd
(Equivalent Circuit Model, ECM)S 7F¥3tx dH&tit. sid
/M 2= 3] A3 A&, Constant Phase Element (CPE)<}
Aol HEE AZAH RQ AR F7t AEz A4 Jelo|t
Z}7ko] RQ AR A8F3 37158 eH, AR HA
AR oM o] FAS vepdth 2 AFEA Ni-GDC 8, Ni-GDC
3000 thall ZHzF 0.587, 0.489 Q-em®e] & A3 0.668, 1.78
Q-cm?e] BFA3 ghS A& 4= ATk )= Fig 4(b)2] Bz
gz gl 4 itk

A, A 2A o et vie} o] ARF FA Tvtol wef &
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