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ABSTRACT

Solid oxide fuel cells have a limitation in their low-temperature application due to the low ionic conductivity of electrolyte materials
and difficulties in thin film formation on porous gas diffusion layer. These problems can be solved by improvement of ionic
conductivity through controlled nanostructure of electrolyte and adopting nanoporous electrodes as substrates which have
homogeneous submicron pore size and highly flattened surface. In this study, ultra-thin oxide films having submicron thickness without
gas leakage are deposited on nanoporous substrates. By oxidation of metal thin films deposited onto nanoporous anodic alumina
substrates with pore size of 20 nm~200 nm using dc-magnetron sputtering at room temperature, ultra-thin and dense ionic conducting
oxide films with submicron thickness are realized. The specific material properties of the thin films including gas permeation, grain/
gran boundaries formation, change of crystalline structure/microstructure by phase transition are investigated for optimization of ultra
thin film deposition process.
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Fig. 1. Schematic diagram for the oxidation procedure of the
thin films.

A 4149 A 12 3(2004)



902 ¥kg9) . Fritz B. Prinz

7] FolA BEAZE ARSI 400~700°Ce] % H ol Aol A7 2mm=z FFE Pt A2F L ARHZoF 3o
4] 83l TtH(Fig. 1). Reactive sputtering®] 7-$-= O,/Ar ~400°Ce] X dA &=AstAh
=0.29] 5340, : 2scem, Ar : 10sccm)E 300 W] %
&AM T 3.dun g n&
Hoizl vluke] Y/zr 24L& X-ray photoemission spectro-
scopy (SSI S-Probe Monochromatized XPS Spectrometer) 3.1. YSZ gfato| ol M|t=
g AHg-3te ST : Fig. 2()°l 20 nm 71832718 7FR 71989l S&8% Y-Zr
AslEutete] JtARREE £43517] st AlRE Al g dere] S Rt 7139 71EEe] #4
EE 74 Adro] A% W3 3mme] 2 FEO| uhatol] o) ﬂﬂo] Qo 9lee & 4 Utk Fig 2(b)=
FEAHIAAE /\}30}04 IR olF FX & 700°C A 2417k B ek o] °F 400 nm FAH S Y/Zr
A, dehg F38he FZ S48 o] o ALE Atstetolm FHo|u pinholeo] v A WL YE
gk 7 49-2(AP) OIMPaii‘Z]-. WA ok 71gFx2ebe] HEHA A vhdte E‘Eﬂ% ix
dhulo] mi|EERE SEMOE, A5 wE A sl Z&t7] A3l 1 N-NaOH §-d4o2 7]32 o3 3 doi
* XRDZ 71—0}0:11:], X dheke] W 4 SEM 3% Fig. 20 JebiSih Bt
oM YSZ uhete] AT == 0.03M NaCl §8& o] WHe] ¥ Flg 2% €7 B2 439 571
A=08 AME-3H2™, impedance analyzer(1260, Solartron) Eo] 4= yl & AJT ol 2kl 9
2RE dojx] Nyguist plots 4], AAFIATE 22004 & wpuo] 7]F °J5-‘7f-°—i Jﬁ’é]’ st A7l Aoz A7ty
9] AxEE 50nm T4 W& F328 FIFAkE 4F t}. Fig. 2(d)°l reactive sputtering®Holl 2J3f 2o Lof

ol 718g ARl UBEE SRAToR, sz A vsz wee Bews ek S52uste RS

(b)

2um

Fig. 2. SEM images of (a) the as-sputtered Y-Zr metal film on anodic alumina substrate (Anodisc®), (b) fractured section of Y-Zr
film after oxidation, (c) bottom side of the oxidized Y-Zr film after etching the substrate, and (d) fractured section of a reactive
sputtered YSZ film.
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Fig. 3. Photograph of (a) an used anodic alumina substrate, (b) 120 nm-thick, and (c) 240 nm-thick YSZ films oxidized at 700°C for
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Fig. 4. Hydrogen permeance of the samples; (a) bare substrate
(pore diameter : 200 nm), (b) bare substrate (pore
diameter : 200 nm) after heat-treatment at 700°C for 2 h,
(c) 50nm-thick YSZ film on the substrate (pore
diameter : 200 nm) after heat-treatment at 700°C for 2 h,
(d) 250 nm-thick YSZ film on the substrate (pore
diameter : 200 nm) after heat-treatment at 700°C for 2 h,
(e) bare substrate (pore diameter:20 nm), (f) bare
substrate (pore diameter : 20 nm) after heat-treatment at
700°C for 2 h, (g) 50 nm-thick YSZ film on the
substrate (pore diameter : 20 nm) after heat-treatment at
700°C for 2 h, and (h) 250 nm-thick YSZ film on the
substrate (pore diameter : 20 nm) after heat-treatment at
700°C for 2 h.
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Fig. 6. XRD patterns of (a) bare anodic alumina substrate, (b)
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Y-Zr film on anodic alumina substrate heat-treated at
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