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Lithium-lon Batteries

Two types of commercial batteries:

e Conventional lithium-ion batteries, commercialised 1991 (80% of the
market)

e Lithium-ion polymer batteries, commercialised around 1996 (20% of
the market)

iy

S,
£ KTH %

% VETENSKAP %
o® OCH KONST Wy

0 o
e

KTH Chemical Science
and Engineering

Introduction - Experimental Methods - Results - Conclusions



The Lithium-lon Battery
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Electrolyte

e LiPF4 dissolved in ethylene carbonate (EC), propylene
carbonate (PC) and poly(vinylidene fluoride-co-
hexafluoropropylene) (PVdF-HFP)

EC:PC (6:4)
Random P(VdF-HFP)
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Model
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Model

e Galvanostatic polarization model
Uniform concentration at t=0
Fluxes at the boundaries are known: Ny =Ng..;c=0

e Solvent and salt diffusion model
Uniform concentration at t=0
Concentrations at the boundaries are known

e PDE-mode in Comsol Multiphysics
One-dimensional
Time dependent solver

e The models were compared to experimental data
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Experimental Techniques

Techniques used in this study:

- Density measurements

e Conductivity measurements

e Concentration Cells

e Galvanostatic Polarisation

e Solvent and salt diffusion
measurements

Other Techniques:

e Hittorf's method

transport numbers referenced to the
Hittorf frame

e Electrophoretic NMR
velocities of species

o PFG-NMR
self-diffusion coefficient

= Raman Spectroscopy
time dependent concentration profiles
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Concentration Cells and EIS

Concentration Cell

GEL

A gel consisting of:
X % salt

y % solvent
(100-x-y) % polymer

Lithium electrodes
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Optimization
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Galvanostatic Polarisation

Experiments
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Diffusion Experiments

L] L] I | L]
o not in contact with liquid + +
~ i < -
[0)]
w0
@ g * *  contact with liquid
a@g — %&a L < » -
FKTHY
% VETENSKAP % /
59 OCH KONST 9%
;%};b: _ﬁ?{,ﬁg 1 1 1 1 1 ) )
XK Liquid electrolyte
KTH th;mil_:al Science Tlme / S Soaked |n glaSS
an ngineering . . .
microfibre filter
Teflon ring

Information about the

transport phenomena \

Gel electrolyte

Introduction - Experimental Methods - Results - Conclusions 12



o

WA Y
EKTH%

% VETENSKAP %
o® OCH KONST Wy

3 o
BRSO

KTH Chemical Science
and Engineering

Open Circuit Voltage / V
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Results
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Results
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Summary

The mass transport phenomena of a LiPF,-EC-PC-P(VdF-HFP) gel was
characterized and modeled at 298 K.

Two types of models were implemented in Comsol. A galvanostatic
polarization model (constant fluxes at the boundaries) and a salt and solvent
diffusion model (constant concentrations at the boundaries).

Two diffusion coefficients, two transport numbers and two drag coefficients
were all calculated by fitting the models to experimental data.

The conductivity was obtained from electrochemical impedance
measurements while the two diffusion potential coefficients were directly
calculated from concentration cell data.

The solvent diffusion potential was relative small compared to the ohmic
potential drop and the salt diffusion potential.
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Transport Properties and
Thermodynamic Properties
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