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Fuel Cell

Notebook PC for 40 hours without stop.

Mobile utility charged by alcohol. 

Nokia Cell. Phone
eBay (US$25)

CONSEL (Germany) 
Suitcase,  7h×7ea, 
(2004)

NEC, Built in FC, 
5h (2004), 40h in 
two year.

Rapid movement around the globe
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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

Fuel Cell: Efficiency

2W

50W

70kW

mW
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A Sample Voltaic Cell
Voltaic Cells
(Fuel Cell)

Electrolytic Cells
(e.g., Electroplating)

Chemical 
Energy

Electrical 
Energy

Fuel Cell Description

−− +→+ 2eO2H2OHH 22
−− →++ 2OH2eOHO 222

1
−OH(Alkaline, AFC)
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Direct Methanol Fuel Cell 

Characteristic Performance Curve

Theoretical Cell Voltage [Eo=1.23V] 

Cathode Activation

Cell Resistance
Anode ActivationMass Transport

Kinetic
Overpotential*
(slow reaction)

Concentration
Overpotential

(low concentration of 
reactant)

*Overpotential
= Polarization
= Voltage Loss
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A few problems in fuel cell

Methanol crossover through membrane.

CO2 bubble removal.

T. Schultz et al. Chem. Eng. Tech. 24 (2001) 12.

CO2 bubble in 
DMFC flow 
channel

Ren et al. J. Electrochem. Soc. 147 (2000) 466.

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 µTAS.
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Membraneless Vanadium F.C.

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

Membraneless Vanadium F.C.

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

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

Beneficial usage of liquid junction potential (LJP)

Liquid Junction Potential

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

1M NaCl

0.1M NaCl

Na+ Cl- Na+

Cl-
Na+

Na+

Na+

Cl-
Cl-

Cl-
Na+ Na+

Cl-Cl-

Diffusivity difference of ionic species induces 
the concentration polarization.
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Fuel Cell in Microchannel

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

Analysis of 
Concentration 

Fuel Cell
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Objectives

Obtain the analytical formula for the LJP 
in a finite domain.
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0
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LJP c

c
e
kTttV −=

Investigate the mechanism of the EOF 
instability.

c.f. Planck’s equation for the LJP

Charge conservation: 

Current: 

Poisson equation:

Navier–Stokes equation

Basic Equations

0=⋅∇+
∂
∂

i
i

t
c J

uEJ iiiiiii cFczcD ++∇−= ω

)( 12
2 ccFe −=−=∇

εε
ρφ

Euuuu cpt ρµρ +∇+−∇=∇⋅+∂∂ )/(



11

Streamwise diffusion is negligible. 

Uniform velocity profile.

Assumptions
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Reduced G.E., I.C. & B.C.
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κ ~ 109,  h ~ 10-4 → κh ~ 105

Subtract the electromigration term

Charge Neutrality Assumption

















∂
∂

∂
∂

+
∂
∂

=
∂
∂

η
ϕ

ηητ 12
1

2
11 CC

D
DC

eq

















∂
∂

∂
∂

−
∂
∂

=
∂
∂

η
ϕ

ηητ 22
2

2
22 CC

D
DC

eq

)()( 12
2

2

2

CCh −=
∂
∂ κ
η
ϕ CCC ≡≅ 21

2

2

ητ ∂
∂

=
∂
∂ CC}

Since

Electric Field and LJP
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Analytical Solution of C
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Liquid Junction Potential
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Comparison with Experiment (1)

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

Experiment of Josserand et al. (2003)
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Electric Field & Charge Density

Electric field,
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Mechanism of EOF instability?
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Vorticity is generated due to concentration 
polarization.
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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.  


