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ABSTRACT
2:3% PEMFC(Proton Exchange Membrane Fuel Cel)= A71E TE7] 8iA 15 %
o] 48 2oz ¥k A9 rolaz AYH FEHGH(EHYHA 2", d20)H)S
AF HeolAHoE HRH] $2388 23 AL/E ARsAD, solaz Yo 1
e AW 2 2D %mw}ﬂ*(ﬂaulg)oz 202 A7) 9% EA
ALO; 25 FAAMNAY. 2HUHA 22 uge o3 B o)A fEtgoeyt, ¥4A
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Aaa) g e exdAe HEo] Fbsan.
FRIIE80 : Microchanneled Reformer(vto] A2 Ad 7§12 7)), Fuel Cell(AE A X)),
Anodlzmg("kl 2}+3}), Brazing(E 3] ¢]3)
laptop computers and mobile phones due to its
ability to provide an uninterrupted supply of
1. INTRODUCTION electricity as long as a supply of methanol and

The complete reformer-fuel cell unit can be
considered as an alternative to conventional
sources of electricity such as batteries for
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water can be provided. The micro reformer—fuel
cell combination has the advantage of not
requiring the tedious recharging cycles needed
by conventional rechargeable lithium-ion
batteries. Also, the energy storage density per
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unit volume/weight of this system is higher
than that of batteries, which translates into less
frequent 'recharging’ through the refilling of
methanol fuel.

Microchannel reformer is an essential
component to supply hydrogen to proton
exchange membrane (PEM) fuel cells without
high pressure Ho tank.

Catalytic steam reforming of methanol was
usually performed as a method of H. gas
generating reaction. Inner walls of microchannels
is coated with catalyst which can bumn
methanolto generate heat for steam reforming
and perform steam reforming with MeOH.

Through microchanneled reformer, the heat of
combustion is transferred to steam reforming
process. The microchanneled reformer hasbeen
made of mechanically microstructured metal
foils of stainless steel, hastelloy, aluminum,
copper, palladium, silver, and others”. A reactor
is assembled from individual metal plates with
micro channels having cross sections in the
range of 50 -300 ym. These metal plates are
assembled by bolting, gaskets such as graphite
or diffusion bonding. Brazing is employed to
connect the parent metals ' a filler metal, such
as Nickel based alloys, is placed, for example in
a foil form, between the parts to be brazed and
heated upon its melting point. It allows to
create tight chemical bonds between parts.
Contrary to welding, parent parts are not
melted. Below 450°C, brazing is called soldering.
After brazing, there are little deformation and
residual stresses in the parent metal whichis
not melted. Moreover, using metal as a bond,
joints are tight and heat conductivity between
the parent metals is higher than using graphite
or polymer as a bond. On the other hand, for a
wider application with chemical reactions it is

necessary to provide oxide coatings as carriers
for metal catalysts to increase the overall inner
surface area of the microchannels’. Catalytic
coatings are important in microstructured
reactors, since they can minimize mass transfer
resistance and pressure drop, and improve heat
conduction for catalytic reactions. Several
techniques have been utilized for coating
anodic

microchannels with porous oxides:

oxidation which has been used to provide a

), chemical vapor

porous layer on aluminum®®
deposition‘”; deposition of nanoparticlesS); and
sol - gel processl). In these coating processes,
sol-gel is relatively simple to use and
compatible to various kind of metals, but the
uniformity and adhesion of coating layers are
weak. Anodizing leads to
unbranched, regular and nearly concentric pores,
which is advantageous for catalytic reactions”.,
Moreover, the strength of adhesion of the

anodic oxide layer to the support is strong. But

formation of

it can only be applied to aluminum and not
stainless steel. In applying catalytic reaction to
micro system, fabrication and coating to support
catalysts are correlated with each other because
the manufacturing process is dependent
mutually. This study introduces vacuum brazing
technique for assembly of microchanneled
stainless steel. It is also attempted to anodize

aluminum foil.

2. EXPERIMENTS

In the design of the micro heat exchanger,
uniformity in fluid velocity distribution was
considered, referring to Commenge et al”. Main
design factors were curvature ratio at the end
of microchannels, ratio of depth to width in
microchannels, a number of microchannels,
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(a) Micro charnel patterned plate
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(c) AlOs coated channel

Fig. 1 SEM images of microchanneled plate.

length of microchannels and area ratio of wall
to microchannels. Top and bottom covers were
prepared by machining in 4 x 4 cm’ of size.
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(b)

Fig. 2 The shapes of filler metal sheets and cross
section at each brazing case. (a) nickel foil,
thickness: 38um, width 3.5mm (b) Cross
section of brazed stack (x100).

The name of stainless steel plate was SUS304
and that of aluminum plate was AL1050.

Microchannels were created by photolithography
and chemical etchings and the details for
microchanneled  plates these;  Foil
geometry is 40 x 60 x 05 mm’. Microchanneled
area of foil is 30x40 mm’. Cross—sectional area of
microchannel is 400x230 m. Number of channels a
plate is 40.

Microchanneled foil is shown in Figure 1.
The shapes of filler metal sheets are shown in
Figure 2. The thickness of nickel foils was 38n
m, and the width of them were ranged from
25mm to plate edge. At each case, the room

are like
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Fig. 3 Aluminum foil anodizing equipment.

between layers of brazed stack was different. If
there are impurities on the surface of the parent
metal, adhesion force of brazing can be
diminished. Therefore, the surface of the parent
metal was degreased by alcohol before brazing.
Vacuum brazing lasted for 15minutes at 1000C,
below 10-5torr. The assembled microchanneled
plates were tested for leakage with a leak
detector (ASM 142, Alcatel). Leakage tests
were performed in ambient air firstly, and then
in latex globe filled with helium gas.

For  incorporation of catalysts, a
microchanneled stainless steel plate was coated
with aluminum oxide films by dip—coating with
alumina sol, followed by drying in air at 120
overnight. Alumina coated stainless steel plates
were brazed under vacuum with nickel filler
metal. On the other hand, microchannels in
assembled stainless steel plates were coated by
flowing alumina sol followed by blowing excess
alumina sol with compressed air and then
drying in air at 120C overnight.

The microchamneled aluminum foils were
rinsed with ethanol and deionised water and
then dried with compressed air. The electrode
was immersed in 165 g/l HoSO; solution which

Fig. 4 Reactor integrated with microchannel plate.

was circulated with a pump to remove heat
constant
current operation, the current desired was set

generated during anodizing. For

on a power supply. Anodizing time was varied
from 10 to 30 min. The anodized aluminum foils
were washed with deionized water followed by
drying in air at room temperature.

3. RESULTS AND DISCUSSIONS

Microchanneled stainless steel plate and
assembly of microchanneled stainless steel
plates are shown in Figure 4. The assembly of
microchanneled stainless steel plates was tested
for leakage in air and helium environments.
Leaking rates are 3.3 x 10-10 torr I/sec and 1.5
x 10-6 torr 1/sec
environments, respectively. Considering that
Swagelok fittings are utilized below 1 x
10-6torr 1/sec, our results might be caused by
leaking from the fittings rather than from gaps

in air and helium

between brazed plates.

In order to examine brazed plates, the
assembly of wmicrochanneled stainless steel
plates was cut by wire—cutting method. Figure
5 shows both the cross sections and the brazed
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(a) (b)
Fig. 5 Photographs of (a) cross section and (b)

brazed part of assembly of microchanneled
stainless steel plates.

part of the assembly of microchanneled
stainless steel plates. The microchannel shape is
not rectangular but hemi-circular due to using
photo—etchings. It is known that the amount of
filler metals is important at brazing technology,
as excess filler could  block
microchannels and lack filler metal could cause

metals

leaking. In our case, appropriate amount of filler
metals was found by varying thickness and
width of filler metals. Thus, no gaps are
observed between brazed stainless steel plates
(see Figure 5(b)). In the microchanneled
stainless steel plates brazed and then coated
with alumina, SEM picture shows that 3 ym of

10 um

Fig. 6 SEM picture of microchanneled stainless steel
plates brazed and then coated with alumina.
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(a)

KIER 20.0kV 13.0mm x2.00k SE(U)

(b)

Fig. 7 SEM picture of micorochanneled aluminum foils.
(a) cross sectional view of microchannel
(b)uniform thickness of oxide layer.

alumina film is successfully incorporated onto
the microchannels (see Figure 6).

Aluminum foils were anodized and observed
with SEM. Aluminum is etched isotropically
more than stainless steel (Figure 7(a)). So the
cross section of aluminum has more elliptical
form. Contrast to sol-gel method in stainless
steel, uniform thickness(about 10um) of oxide
layer was formed on the surface of aluminum f
oil (Figure 7(b)). If we vary the density of
current or solution, the thickness of oxide layer
can be controlled easily. Also mask can provide
selective area to be anodized.
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(a)

KIER 20.0kV 13.0mm x2.00k SE(V)

(b)

Fig. 8 SEM pictures of microchanneled aluminum
foil stack. (a)Cross sectional view of stack
(vertical to microchannel) (b)Cross sectional
view of stack.(longitudinal to microchannel).

Anodized microchanneled aluminum foils
were stacked and brazed(Figure 8(a)(b)). When
brazing method was in process, the foils were
floated on the filler metal(melting metal). So the
alignment of foil was a critical issue to prevent
leakage of the stack. Also optimum amount of
filler metal should be deposited because flooding
of filler metal could block up the microchannels.

4. CONCLUSION

Microstructured stainless steel plates were
etched and brazed with nickel filler under
vacuum. The surfaces of the microchannels were
coated with Pt/AlQs layer by sol-gel method
successfully. Alternatively, microchanneld aluminum
foil was anodized to make Al:Oslayer for supporting
catalyst and then stacked by brazing method.
Aluminum foil was good to control oxide film on
the surface and stack at low temperature which
can avoid catalyst degradation.
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