ZHAUZSHS|X| M| 393 XM 10= pp. 773-777 October 2022 /773

Korean Soc. Precis. Eng., Vol. 39, No. 10, pp. 773-777 http://doi.org/10.7736/JKSPE.022.039
ISSN 1225-9071 (Print) / 2287-8769 (Online)

< | ron

XX EFSlEA 92 XS QI8 uial DH|ASIE AEXMK| i

Development of Thin Film Solid Oxide Fuel Cell for Direct Use of
Hydrocarbon Fuels
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Energy devices in modern society require high efficiency, carbon neutrality, and the capability of distributed power
generation. A fuel cell is an energy conversion device, that satisfies all of these requirements. However, most fuel cells use
hydrogen as a fuel, and more than half of hydrogen is currently produced through hydrocarbon reforming, resulting in
significant energy loss. Additionally, the storage and supply of hydrogen require costly systems, and a large amount of
energy is consumed during compression or liquidation processes. This paper develops a solid oxide fuel cell, that uses
hydrocarbon directly as fuel to resolve this problem. A small amount of Ru is mixed with the Ni-based electrode, for the
effective internal reforming of hydrocarbons. For rapid deposition of YSZ electrolytes, we developed a reactive sputtering
process, using a DC power source. The developed thin-film solid oxide fuel cell, showed a performance of 76 mW/cm? at
500°C using methane as fuel.
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Table 1 Deposition condition of anodes

Material Power [W] Pressure [mtorr]
Ni Ni, 200, DC 50
Ru interlayer Ru, 200, DC 5
Ni, 200, DC
Ni-GDC 50
GDC, 50, RF
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(a) Pure Ni / before anneallng

(b) Pure Ni / after annealing

Fig. 1 FE-SEM surface analysis of as deposited (a) Ni and (c) Ru/Ni-GDC anodes and 600°C, 1hour annealed (b) Ni and (d) Ru/Ni-GDC

anodes
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Fig. 2 XRD analysis of reactive sputtered YSZ

Table 2 XPS analysis of reactive sputtered YSZ

Name Atomic [%]
Ols 63.29
Y3d 7.15
Zr3d 28.98
Cls 0.59
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Fig. 4 I-V and I-P characteristic of thin film solid oxide fuel cell
using H, and CH, fuel @ 500°C

FEol0] QAzol Ul 4% Aol SIsgth. Hy 2ls 2710

Al Pure Ni2} Ru/Ni-GDC o] ZH-g% AL 79 Eost

ocvel &8 d=E YeRf ). s1ATE Pure Ni H=9] ¢
(e}

CH; f=:olA] OCV7} x| gigfom ol W A5 &9}
500 nm&] B2 Ni G|l &gk Zlolzbal wetet). vhHo
RwWNi-GDC7} 285 Ao AL 3%9] H0= 7k5% CH, 9=
ol A 0.98 V] OCVE} 76 mW/em?e] At A8 d=E el
k. o= 4w Ruﬁ} GDC7} 553 Nie] gA|gollA] op7|
= CHO MAES A FAE 5= Stk AS ot
HE d8= AMSSIIS 4 OCVE 1.0 V, I Agde=
87 mW/em’2 CHE AL31S wjol vjwsle] oF 10% HE o
5 AolE Kt o= 71& AtollA ®Ql 2-30%9] A5 2k
o|[8-9)ktt U53| /HHE SRR 2 AtollA JhdE H=ol
CH,9| W& 7o) A3tet 243 25 vehdS S3th

H2} CHy A=1t A5 Zpolo] AQlE #A4I5t7] ¢Ish EIS
A& 3Yseltt. Fig 55 J=xshH dsjde] A F ¢
T 0.560 82 FYUsHA UEHAITE HoE R8s AR A
3.89] £ Ag, CHy ARE AMESE 4% 74 Qem’e] 2=
A YeP At o o] £ g2 et 749 B &
Lol oJsf| AAEn 33} gkgo| MESSE £ AP AT
I R 38} Bhgo] LEaE B AR SRt g

Az

l-ﬂ

Pt (300nm)

YSZ (1um)

Ni-GDC (500nm)

Ru (30nm)

AAO (100um)

-8 -——
—e— RU/Ni-GDC H,

1 —e— Pure Ni H,

61 —e— Ru/Ni-GDC CH,

(Q cm?)

Zlmag

\ ()
1
1

R s
Fig. 5 EIS measurement of thin film solid oxide fuel cell using H,
and CH, fuel @ 500°C, OCV
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