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This study presents a performance evaluation platform for sputtered thin-film electrodes used in biogas-driven, low-
temperature solid oxide fuel cells (SOFCs). The design considerations include electrolyte material composition and
thickness, anode material composition and thickness, anode fuel composition, and cathode composition and thickness, all
derived from a review of existing literature. For the electrolyte, we propose a thickness of 100 um for the main electrolyte
made of gadolinium-doped ceria (GDC) and 0.1 um for the auxiliary electrolyte made of scandia-stabilized zirconia. In terms
of anode fabrication, we suggest a material composition of Ru/Ni-Cu-GDC, with thicknesses of 1 um for Ni-Cu-GDC and a
few nanometers for Ru in the nanoporous anode. For the anode fuel supply, we recommend mole ratios of 45% to 75%
CH,4 and 25% to 55% CO, to assess the impact of biogas composition on power performance. Lastly, for the cathode, we
propose a material composition of Pt-Ti-samarium-doped ceria with a thickness of 100 nm for the nanoporous structure.
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NOMENCLATURE GDC = Gadolinium-Doped Ceria

. . ALD = Atomic Layer Deposition
SOFC = Solid Oxide Fuel Cell _ .
DC _ Direct Current SDC = Samarium-Doped Ceria
RF — Radio Frequency AAO = Anodic Aluminum Oxide
YDC = Yttrium-Doped Ceria LSC = Lanthanum Strontium Cobaltite
YSz = Yttria-Stabilized Zirconia SS7 = Scandia-Stabilized Zirconia
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Fig. 1 A structure of electrolyte-supported, low-temperature solid
oxide fuel cell (SOFC) with thin-film electrodes
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Table 1 Previous studies on methane-fueled SOFCs with sputtered thin-film anode (*: atomic layer-deposited)

Anode Electrolyte Operation
- Unit cell
- Sputiering active Peak
cL. . Material conditions  Thickness Material Thickness areq Temperature . power uthors  Year
Fuel Additive .. .. o time .
composition . Pressure [hm] composition [um] [cm?] [°C] [hr] dens1ty2
[mTorr] [mW/em’]

H,O Ni-Y-Ce- Murray
[11] [3%] 7-0 DC - 2,500 Y-Zr-O 8 1 650 100 370 et al. 1999
[12] gf;)] Pd DC 75 50 Y-Zr-O 0.1  0.00025 550 5 385 Laietal. 2011

0

H,O DC- Takagi
[13] [3%] Ru-Gd-Ce-O RF 40 40 Y-Zr-O 0.1 0.0004 500 3 170 etal. 2012

H20 Au-Ni-Gd Garcia-
[14] [SC=03] -Ce-0 DC 3.8 5,000 Y-Zr-O 150 1.1 800 200 430 Garcia et al. 2018

H,O "
[15] CH; [3%] Ru-Y-Zr-O* DC 75 114 Sm-Ce-O 300 0.01 450 10 43 Goetal. 2020

DC- .
[16] - Ru-Sm-Ce-O RE/RF 8.5 400 Y-Zr-O 200 0.01 450 9 11 Kimet al. 2021
[17] - Ni-Gd-Ce-O - - 500 Y-Zr-O 1.3 - 700 - 780  Minh et al. 2021
[18] - Ru*-Sm-Ce-O RF 8.5 204 Y-Zr-O 200 - 450 4 2.8 Kye et al. 2021
[19] I[?O?] Ni-Gd-Ce-O DC-RF 60 1,000 Sc-Ce-Zr-O 150 - 500 36 53 Choi et al. 2022
0

H,0O  Ru*Ni-Sm DC-
[20] [3%] Ce.0 RE/RF 8.5 354 Y-Zr-O 200 - 450 10 23 Goetal. 2024
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Table 2 Previous studies on biogas-driven SOFCs

Anode Electrolyte ) Operation
Unit cell
Ref. Material  Thicks Material Thickn active T beak Authors  Year
. Fuel Additive CHy/CO, ater}g ickness ater}g ickness  5r00 em]ieramre time powler
composition [um] composition [pm] [em?] [°C] density
[hr] P
[mW/cm?]
[21] CO, 1 Ni-Au-Gd-Ce-O 1020 Gd-Ce-O 1,100 1 640 60 60 LV 006
Yentekakis

CO,-H,0O- . Sc-Ce- Shiratori
[22] Noitoitg 15 NiScCezrO 800 o 30 0.64 800 800 170 2010
[23] COyH, 28  Cu-Co-Ce-O - SmCeO 220 0.28 750 90 59 Fuerteetal. 2014
[24] CO, 2 Sn-Ni-Y-Z-O 300  Y-Zr-O 10 2 750 2 300 Tr"zlt“;hna 2015

CO,-H,0- Ni-Ba-Ce-Yb-
[25] CH, HaCO 1 7o . Y-Zr-O 7 1 750 50 1430  Maetal. 2015
[26] COHS 1 N"I:;'Z%?&)M“' 1010 YZrO 10 0.5 800 100 1,050 Huaetal 2017
[27] CO»-O»N, 0.6 Ni-Y-Zr-O - Y-71-0 - 16 750 130 400 Hagenetal. 2019
[28] COrH0-— ) 5 Ni-Y-Zr-O 60  YZrrO 160 81 750 1450 350 lathukandy o,

H,-HCl et al.
[29] CO, 1 Ni-Se-Ce-Zr-O -  Sc-Ce-Zr-O 250 1.96 750 100 90 Tuetal. 2024
[30] CO, p NiFeAuwGd-,, Y-Zr-O0 300 1.76 900 280 190 loanmidou g

Ce-O et al.
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Table 3 Previous studies on SOFCs with sputtered, Pt-based thin-film cathode supported on electrolyte (*: atomic layer-deposited)
Cathode Electrolyte Operation
Sputtering Unit. cell Peak
.. active
Ref. Fuel Mater?e%l conditions Thickness Mater.igl Thickness ..,  Temperature ti\:/ne power Authors  Year
composition Mode Pressure [nm] composition [pm] [em?] [°C] [hr] dens1ty2
[mTorr] [mW/em?]

[31] Pt DC 75 60 Y-Zr-O 100 - 500 12 1.2 Kim etal. 2010
[32] Pt-Gd-Ce-O DC/RF  90/5 250 Y-Zr-O 500 0.01 450 - 8.7 Park etal. 2015
[33] Pt-Gd-Ce-O DC-RF 50 150 Y-Zr-O 500 - 500 10 7.2 Leeetal. 2016
[34] Pt-Y-Zr-O*  DC 55 103 Y-ZrO 270 037 600 14 8.8 Kari‘;aagﬁlaloo 2017
[35]1 Air Pt DC 80 300 Gd-Ce-O 350 0.1 450 - 30 Kimetal. 2018
[36] Pt-Al-O* DC 50 123 Sc-Ce-Zr-O 200 0.01 450 - 13 Jietal 2020
[37] Pt-Ti DC-RF 75 217 Y-Zr-O 200 1 450 2.7 2.8 Leeetal. 2022
[38] Pt DC - - Y-Zr-O 200 1 400 - 1.4 Jeong etal. 2023
[39] Pt-Sm-Ce-O DC-RF 75 150 Y-Zr-O 200 0.01 450 - 8.4 Park etal. 2024
[40] Pt-Pr-O DC/RF  50/5 205  Sc-Ce-Zr-O 190 0.015 500 - 17.9 Jeonetal. 2025
TE7F B AT 450°Col A, Ag/lYSZ E7152 Ag A= df HAAth Jeon 59 A5-(2025)04+=[40], Pr AtekE 57]= A
] Akaghel vkl A-71A41% SHg/dol A YEbge s, & S A8l gt =2 45 F&ol == 30t YSZ sz
HEFS Sl AR Wethksd Pt 375 A fARE 27] & 718 Ao FA7E B2 PrAlekE AWSS RF AufERoz
g A5 Aleskict. 2 &, Utk Pt 37]=0] DC AuE R o= A 2bE i)

20204 o] 5o HE F2 ATO] WA WEL e Ak Pr ABHE AwZol 55 imY w At A Aol Histen

0] AT020)00 A= [36], UerhEA Pt 57130 Tl &E Aol iAo e ekt

qm ALD 22+ Al A2 g0 x93 g3} A7|HEE S, §f AP Aute} o], Ml AA|E A 1 Pt 7|5}
2 &9 Agsol diste] B7hEI DC AW E S Foko] Pt 37155 7Hle SOFCe &4 7S Fsto] &9 9 90
7157 7.2-480 nm)o] 2= 3l o, Aol ALD Al Ak FLERANL, et e Ao Qlste] &8 Wie 4
FHZo0] FAEQT) 480 nm F742] Pt F7]= thH], 120 nm mW/cm? = 71 0|32 AgtE 9t
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Fig. 2 An electrolyte composition and structure design to evaluate
electrode performance with high reliability
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Fig. 3 An anode composition and structure design to evaluate cathode
performance with high reliability
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Fig. 4 An anode fuel supply plan design to evaluate the effects of
biogas composition (CH, and CO, contents)
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Fig. 5 A cathode composition and structure design to evaluate
anode performance with high reliability
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