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Simulation of MEA in PEMFC



Background

e Proton Exchange Membrane Fuel Cell(PEMFC)

e High Energy Efficiency
e Clean
e Convenient

e Problems

e Cost (Pt Catalyst)
e Catalyst Poisoning (CO)
e ComplexManagement System

One Possible Solution

IMPROVE TEMPERATURE




Numerical Simulation

€ Limitations of Experiments

® Can only get the overall response of a whole cell or independent
performance of one part

® High cost of money and time

€ Advantage of Simulation
® Spend less money and time
® Distribution of parameters in the cell
® Help understand the mechanism and find out the key in a cell

€ Main Work

® Performance of PEMFC under different working conditions

® Influence of membrane water and catalyst loading at high
temperature



Structure of PEMFC
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Equations and Models
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Equations and Models
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Currents under Different Working Conditions
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Polarization Curves and Membrane Conductivity
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Left is Polarization Curves, Right is Membrane Conductivity

the value of g, at 393K-30% (~2.5) is less than half of that at 368K-
80% (~5.5) , and only is one third of the value at 353K-100% (~7.5)



Membrane Water
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Current Changes With Membrane Water Content (0.6V)

If 4, at 393K can be improved from 3 to 4, the performance will be better than that at 353K;

while 4, at 368K must be improved to 10 so that the performance can be better than that at
353K.



Catalyst Loading
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current is almost the same at 393K even if the loading is
20% lower (original loading is 0.1mg/cm?)



Conclusion

€ At high temperature (>373K) , a relative low humidity
(~35%) can get high current

€ At high temperature, the low membrane conductivity is the
reason for the poor performance, so improve the water
content in membrane can increase the current
dramatically

& At 393K, the loading can be reduce by ~20%o, without
decreasing the performance of PEMFC
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Simulation of Interface of Nanometer-Sized
Electrodes



Nanometer-Sized Electrodes

Applications

— Single Molecules Detection

— Measurement of Fast Electron-Transfer Kinetics
— Electrochemical Sensors

— Mechanism of an Electrochemistry Reaction

®

Features

— High Speed of Mass Transportation

— Overlap of Double Layer and Diffusion Layer
— Edge Effects (Concentration, Potential, Dielectric Constant)



Nanometer-Sized Electrodes

®\When the electrode size is only a few nanometers
e Thickness of Double Layer ~1nm
e Electron Tunneling Effect ~1nm
e Surface Adsorbate ~0.1nm
e Effective Diffusion Layer ~0.8r ®

Traditional Theory Does Not Work

Cannot Explain Experimental Phenomena of the
Nanometer-Sized Electrodes



Theoretical Models

e Poisson's equation describing the local electric potential

vig_ 09,100 % dnp

o ror oz EE,

@ Nernst-Planck equation describing the steady-state
transport of 1onic species

@ Electron-transfer theory

¢  Butler-Voimer Theory
¢ Marcus Theory
¢ Hush Theory
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Spherical Electrodes
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Disk Electrodes

Concentration Field

Potential Field

Dielectric Field

Multiphysics



Edge Effects of Disk Electrodes




Subdomain Expressions

Subdomain selection

Subdaomain seleckion

[>

— — —

—

/A'-‘Jﬁne’ Expression ~ Unit
( rou 0 \ N
epf (ep<=6ifep+et{ep=6) / [l B
NO g
S~ L —

_—_— e ===

|y e — —

,Nﬁa Expression — ~N Linit
/ o 0 \ -
\ |epf fep==40*ep+40%(cp=40) / [1 B
N —

—

P e — —

— — —

-
e Mame Expression N Lt

1 /5 / rou Za*exp{-Za*u}*CaI:u+ZI::*CBb*exp{-ZI:u*u]l+Zu:u*Cu:u+Zr*Cr [ S
Z \ epf Epin B
i S =z

— e

~— =

L
Select by grou

[] ¥ group 2

(0]4

H Cancel ][ Apply ][ Help




Structure of Electrochemical Interface

-0.024 electrode radii: 11.0
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The electrochemical interface at large electrode (>100nm) can be
well described as a pure concentration-depletion-layer.

The electrochemical interface at nano-sized particle (1~10nm) is
more like a electric-double-layer.



Size Dependent Double Layer Structure
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The radial profiles of ET constant at disk electrodes of various sizes



Concentration Distribution
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Polarization Curves
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Left is Marcus Theory and Righ is B-V Theory

When the electrode size is less than 5nm, the limiting current is
much larger than the value predicted by tranditional theory.
Our model matches the experiment results very well.



Polarization Curves

Left is the polarization curves of
reduction of ions with different charge,
the electrode radius is 5nm

Both imigration and diffusion
must be considered in the
study of nanometer-sized

electrode, those theories that

only consider diffusion is not

applicable any more.

R. He et al, J. Phys. Chem. B 2006, 110, 3262-3270

Y. W. Liu et al J. Phys. Chem. C 2010,114, 10812—-10822
Y. W. Liu et al, Electrochimica. Acta, 2010, in press

Y. W. Liu et al, J. Phys. Chem. C, to be submitted
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Conclusion

In the reasearch of nanometer-sized electrodes, tranditional theory
based on pure diffusion is not applicable, since the imigration should be
considere

» Sizes of Electrode

» Electrode Potential

» Charge Number and Concentration of Reactants and Products
In the research of nanometer-sized disk electrodes, the edge effects
should be considered

» concentration

» electrical potential

» dielectric constant

» reaction rate constant

The electroactive radius are larger than the real electrode size,
especially for small disk electrodes (r <10nm)



Thanks !






