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Fuel Cell

= Notebook PC for 40 hours without stop.

= Mobile utility charged by alcohol.

Nokia Cell. Phone

eBay (USS$25)

CONSEL (Germany)
Suitcase, 7hx7ea,
(2004)

NEC,
5h (2004), 40h in

Built in FC,

two year.

Rapid movement around the globe
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| EU-US agreement wn fuel cell R&D collaboration|

| Dow to use GM fuel cells in giant chemical facility

The US and the European Unson have signed a
top-level agreemient that aims 1o stengthen
sesearch linksby bringing wogecher racarchens
from boek the public and private metors in
ot rugiincn. Th iprovmsent s bckuond by
HL Hewanh nenmiioacs Philippe Buspin
and US Secavmry of Energy, Speover sbraham,
who signed the Fuel Cell Annex — the st
addivion 1o the FU-US Non-Nodes Energy
Cooperation Agresment they signea in May
2001 - d the Burapean Comamissiony
L L

Aimku t+ Sustainable Devilopment’ in
Trussehs in mad-Jume [see Fearure, pp-10-12].,

Key challeiges for fuel cells tom become
commencially competitive are ¢
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“Thin agremsen bys out the framewnsk fos aue

ww entities tocollabosate on a matter Emporsng
to both the U and the EU hydrogen reseasch,”

said Abeaha o “The Fuel Cell Anner will help the
Depanneat of Energy and the European
S -
eevearch, The Anses highlights the Eposiance of
ou biliters cooperation in the dev Jopment of
hydrogen asa chean form of cnergy”
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Chemicals giant Dow Chemical has reached
an initial understanding with General Motors
on what would be the world’s largest fuel cell
transaction yet. The aim is to commercialize
GM% hydrogen fuel cell technology to
generate electricity from hydrogen created as
a co-product at Dows largest manufacturing
facility, the 30 square mile (78 km2) complex
in Freeport, Texas.

If tests proceed according o plan, Dow could
eventually use up to 35 MW of electric power
generated by 500 GM fuel cell units on an
ongoing basis. This is enough electricity ra
power 25 000 homes, and is claimed to be more
than 15 times larger than any other known fuel
cell rransaction.
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The test is expected o begin during the
fourth quarter of 2003 and run through 2005,
with plans to commercialize starting in 2006.
Dow and GM teams are currently working to
remove the final hurdles for placing the fuel cells
in Dow’s chemical manufacruring facility. A
final agreement between the two industrial
giants is expected to be signed in the next few
months.

IF the tests are successful, Dow would become
the world's largest user of fuel cell generared
electricity. Although Texas is the first place
where Dow and GM will test this technology,
the companies are already discussing the use of
fuel cells to convert hydrogen to electricity at
other Dow locations in the US and Furope.




Rapid movement around the globe

Bush makes phone call powered by
MTI MicroFuel fuel cell

President Bush on Thursday stopped by a booth
by MTI MicroFuel Cells Inc. of Albany in
Washington, D.C., and made a cell phone call
from a phone powered by MTI's direct methanol
micro fuel-cell system, according to the company

-Business Review-

Feb. 6, 2003 7
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A Sample Voltaic Cell

Voltaic Cells
(Fuel Cell)

Chemical / Electrical

Energy Energy oo

Electrolytic Cells .
(e.g., Electroplating)

Fuel Cell Description
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Direct Methanol Fuel Cell

Methanol
™

Characteristic Performance Curve
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A few problems in fuel cell

= Methanol crossover through membrane.

= CO, bubble removal.

2mm  1mm 2 mm

- - e -

MeOH (aq)

Ren et al. J. Electrochem. Soc. 147 (2000) 466. T. Schultz et al. Chem. Eng. Tech. 24 (2001) 12.

Fuel Cell in a Microchannel

= Laminar Flow — Slow Mixing —
Membrane is needless (Membraneless Fuel
Cell).

= Fabrication by using the MEMS technology
— miniaturization.

= Convenience in interfacing with unTAS.




Membraneless Vanadium F.C.

Gilass slide
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R. Ferrigno, ..., G.M. Whitesides "Membraneless Vanadium Redox Fuel Cell
Using Laminar Flow,” J. Am. Chem. Soc. 2002, 124, 12930.

Membraneless Vanadium F.C.
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R. Ferrigno, ..., G.M. Whitesides "Membraneless Vanadium Redox Fuel Cell
Using Laminar Flow,” J. Am. Chem. Soc. 2002, 124, 12930.




Concentration Fuel Cell

Beneficial usage of liquid junction potential (LJP)

R. Ferrigno, ..., G.M. Whitesides "Membraneless Vanadium Redox Fuel Cell
Using Laminar Flow,” J. Am. Chem. Soc. 2002, 124, 12930.

Liquid Junction Potential

0.1M NaCl
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//////////////////////////////////////////////////////

(a) isolated (b) diffusion (c) Ion distribution

7

Diffusivity difference of ionic species induces
the concentration polarization.




Fuel Cell in Microchannel

Solution 1 Solution 2
inlet [ inlet
m ; NaCldll NaCIconc
Inlaid Inlaid =
¢lectrode 1 electrode 2
Solution 1 Solution 2
outlet outlet |

G. Lagger et al. “Hydro-voltaic cells: Part I. Concentration cells,” J. Electroanal. Chem. 545
(2003) 1.

Fuel Cell




Objectives

= Obtain the analytical formula for the LJP
in a finite domain.

c.f. Planck’s equation for the LJP

kT . ¢
Vi =, _tl)_lnﬂ
e CIO

" Investigate the mechanism of the EOF
instability.

M I

Basic Equations

oc,

= Charge conservation: -
t

+V-J,=0

= Current: J. =-DVc, +z.0,FcE+cu

= Poisson equation: V2p=—2¢ = E(cz —c,)
£ &

= Navier—Stokes equation

p(Ou/ot+u-Vu)=-Vp+ uVu+ p E




Assumptions

= Streamwise diffusion is negligible.

= Uniform velocity profile.
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Coordinate Transform
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Reduced G.E., I.C. & B.C.

Governing equation
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Initial condition

. _{Czoa if y<t,
1,2 — .
Cho» 1T ¥ >1

Boundary conditions

oc,, _ oc,, 0
8_)/ y=0 ay y=h
9 _9% _,
677 y=0 ay y=h

Non-Dimensionalization

Introduce the following dimensionless variables

t=t/(h’/D,), N=y/h, @=

[ A2
oC, _ D, ac;l+i Clﬁ_(p
or D, |dn" On on
oc, _D,[8°C, o (. 9
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82
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_ 1
° Ci -
Cro —Coo

_ 2D/D,
D +D,
Fe(c,y—c¢y)

Kz\/
ckT

~10°m™

eq




Charge Neutrality Assumption

" x~10% h~10* > xh~10°

82
8776 =(h)’(C,-C) — G=G=C

= Subtract the electromigration term

[ A2
8Cl:Dl 66;1+i Clﬁ_go
or D, |on~ O0On on

eq L
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Electric Field and LJP

* Since C, =C,=C

D |\&°C 0. 0p)|_D|0C 0. .0p
D, |on* on\ on)| D,|on* on\ on

= Electric field and the LJP

D —-D, 1 0C 1 oC
1 2 — :(tl_tz)__
D, +D, C on C on

a o C,(7)
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Analytical Solution of C

Diffusion equation with I.C. & B.C.
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Eigenfunction expansion of C
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Evolution of Concentration
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Liquid Junction Potential

C,(7)
C\(7)
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Liquid Junction Potential
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Comparison with Experiment (1)

Experiment of Josserand et al. (2003

Cross-section side-view
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Josserand et al. “Contact Galvani potential differences at liquid/liquid interfaces: Part II.
Contact diffusion potentials in microsystems,” J. Electroanal. Chem. 546 (2003) 1.

Comparison with Experiment (2)

Cross-section side-view
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Electric Field & Charge Density

= Electric field, E = E(he/kT)

D —-D, 10C 1 oC
1 2 — :(tl_tz)__
D, +D, Con C on

= Charge density, p, = p,(h’p/¢)
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Mechanism of EOF instability?

Vorticity is generated due to concentration
polarization.

pu/ot+u-Vu)=-Vp+uVu+p (E,  +E. )

Concluding Remarks

" Liquid junction potential is well predicted
by the simple analytical model.

= Analysis of the fuel-cell performance (i-V
curve) is undergoing.

= Concentration polarization may induce
the EOF instability; numerical analysis is
undergoing.




