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ABSTRACT

Submicron thick solid electrolyte membrane is essential to the implementation of low temperature solid oxide fuel cell, and,
therefore, development of new electrode structures is necessary for the submicron thick solid electrolyte deposition while providing
functions as cutrent collector and fuel transport channel. In this research, a nickel membrane with multi-stage nano hole array has been
produced via modified two step replication process. The obtained membrane has practical size of 12 mm diameter and 50 pm
thickness. The multi-stage nature provides 20 nm pores on one side and 200 nm on the other side. The 20 nm side provides catalyst
layer and 30~40% planar porosity was measured. The successful deposition of submicron thick yttria stabilized zirconia membrane
on the substrate shows the possibility of achieving a low temperature solid oxide fuel cell.
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1. Porous membrane metal sputtered one side
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3. Polymerization

6. Electrolytic plating of metal

7. Removal of PMMA in acetone

Fig. 1. Two step replication process for the fabrication of metal
membrane.
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Fig. 2. Fiber section and grouping from the drying of liquid
which filled the space between the fibers.
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Fig. 3. Porous deposition of nickel with electroless plating.
Columnar structures of nickel deposits with 200 nm
center holes are observed, which indicates the preferred
deposition of nickel on PMMA surface.
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Fig. 4. Conceptual design of a low temperature solid oxide fuel cell utilizing submicron thick electrolyte membrane and nano-porous
anode metal substrate.
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Fig. 5. Multi-stage nano pore structure found in an anodic aluminum oxide (Anodisc 13, 0.02 um micro filter). The pore size starts at
20~40 nm on the top surface and it increases to 300~500 nm through the thickness.
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substrate. The thickness

Fig. 6. (a) muiti-stage nano porous nickel substrate with 12 mm diameter and (b) the cross section of a nickel

is 50 um.

Fig. 7. The detailed structure of the completed anode nickel substrate; (a) view from the 20 nm side. The top 10 nm is Pd, which was

used as electrode during electroplating and will function as catalyst layer when electrolyte layer is deposited and (b) view from

the opposite side of (a). The change of pore size through the thickness can be seen.

" .....u.\.o-os \t. . .ocuw OAM\uw.qrq-_
wy . <" vu....c .
) .‘r...‘.. - \ﬂ. ..Qc "."ﬂ.
NP0 o £ YA
. $Pes a 6o @ F 00y
2330 0at VS, VoL 0 5 R g
<o $ire ﬂ..:v\ o 03’y

v, . v % O !
v'bbvm Jﬂ“ 0“... '04 oo..vtua 00-0 ‘s
ol o Yor, il %2

AT ULt A St bd o
KSR Oy
sy ...‘.IQ&U,.!..U 1
o s AT AN (L
e
"d’\

[ L3
= pemaT L ¥ o -
n = vf.\uu-_.t\ "w}’;h.

WY r A B

ED ”W

(b) and (d) are the processed image for

3

(c) and (d) 20 nm surface

bl

(a) and (b) 200 nm surface
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Fig. 9. SEM image of a reactive sputtered YSZ film on the
fabricated nano-porous Ni substrate.
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