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Rechargeable Lithium-lon Batteries
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C. A.Vincent and B. Scrosati “Modern Batteries: An Introduction to Electrochemical Power Sources.”” 2nd Ed.
Butterworth-Heinemann, 1997.
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Model Validation: Comparison with Experiment
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Experimental Data: Christopher Marc Doyle “Design and Simulation of Lithium Rechargeable Batteries.” PhD thesis, Department of
Chemical Engineering. University of California at Berkeley, 1995



Initial Stages of Battery Discharge

0.3

Lithium
concentration
(normalized)

0.17




Late Stages of Voltage Distribution of Battery Discharge
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Late Stages of Battery Discharge
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Galvanostatic Discharge Stresses
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Summary Ragone Plot of Mixed Rocking Chair Batteries
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Advanced Rechargeable Batteries
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Summary Ragone Plot of Rocking Chair Batteries
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Electrochemical oof OOR2
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mnn File Settings Windows
i | Introduction hd |

initialize cominandfile fictiveT =0

interface mutate verhose = true
fragment reset activate_interfaces - false Welcome to OOF2!
equilibrate cruise kinetic = false Version (unreleased)
time loop seed = 17
modify pause . ) ) .
groups quit DOF2 performs physical computations on microstructures, starting from a
select micrograph or other image of the microstructure. The "Task" menu above brings
g;i,mﬂ_ up pages that lead you through the required steps.
output
glratphlcs Here is an extremely simplified description of the process, just to get you
El';éms started. For more details and examples, see the Tutorials in the Help menu and
log he manual, which may be found on-line at http://www.ctcms.nist.gov/~langer/
oof2Zman.
=
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Mass Diffusion Equation Mass Diffusion Equation

Charge Continuity Equation Charge Continuity Equation

Heat Diffusion Equation Heat Diffusion Equation
Electrochemical Couplings Electrochemical Couplings
Time-Stepper Methods Generalized Time-Stepper Methods

GMRES Solver Multiple Solvers and Preconditioners
Multimeshing Techniques Multimeshing Techniques (in progress)

Line (Interfacial) Elements Line (Interfacial) Elements
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Stress Engineering of Light Emitting Devices
(Parijat Deb, Tim Sands)
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Solorzano et al. "Near-red emission from site-controlled pyramidal InGaN quantum dots" Applied Physics Letters 87, 163121 (2005)



Crystallography of GaN Pyramids
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Strain Energy Density (J/m?2)
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Embedded Quantum WVell
Heterostructure
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Polycrystalline PZT Film
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J. E. Huber; N. A. Fleck, and M. F. Ashby “The Selection of Mechanical Actuators Based on Performance Indices” Proc. R. Soc. Lond. A,
453, 2185-2205 (1997).



The Piezoelectric Solid
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Simulation of Polycrystalline PZT Films
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Piezoelectric Force Microscopy of Ferroelectric Films
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Virtual Piezoelectric Force Microscopy of Ferroelectric
Films

2 um diameter probed area



Polarization (C/m?2)
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Polarization (C/m?2)

04—
-1x10’

001

010

5x10° 0 5x10°

Electric Field (V/m)

1x10’

04 . T . T . T
03 !
0.2 !
0.1 !

0

Polarization (C/m?2)

011 .
02} .
03} _ .
04—
1x107 -5x10° 0 5x10°  1x10’
Electric Field (V/m)
2-5 I [ [ | T I ! [
® Experimental |
g 2 © Numerical |
g
E v L5F %00 =
& ‘X
E § 2.9.9.. O O O 0eQ 0 ¢
58 [ coee :
7z Z ’ -
[ ]
05 -
0 | | | | | |

~

distance (Lum)



7 %105 V/m

-30 MPa  hydrostatic stress 0 V/m
0.27 C/m?

0.24 C/ 2polarization vector magnitude
. m




0.25 C/m2 0.27 C/m?

I - "

-0.25 C/m?  out-of-plane polarization 024 C/m2 Polarization vector magnitude

0.25 C/m?

025 /2 Out-of-plane polarization



7 %105 V/m

built-in electric field

0O V/m

(zW/)) uoNeZLIR[O]

010

1

00

5x10%  1x10’

Electric Field (V/m)

110



Ferroelectric oof OOR2

X! oof v.A >>

806

File Settings Windows

Introduction hd E; |

Welcome to OOF2!
Version (unreleased)

deltaT =0
verhose = true
adaptive = false
kinetic = false
seed = 17

equilibraie commandfile
initialize mutate
modify resel

time cruise
random loop
out-of-plane guit

groups
select

DOF2 performs physical computations on microstructures, starting from a
micrograph or other image of the microstructure. The "Task" menu above brings
up pages that lead you through the required steps.

bc

distort
electrify
output
graphics
plot
macros

Here is an extremely simplified description of the process, just to get you
started. For more details and examples, see the Tutorials in the Help menu and
he manual, which may be found on-line at http://www.ctcms.nist.gov/~langer/
oof2Zman.
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Coulomb’s Equation

Piezoelectric Couplings

Non-Linear Solvers

Elementary Adaptive Meshing Tools

Ferroelectricity
Runge-Kutta Solvers
Predictor-Corrector Method
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