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Introduction

Capacity fade of Li-ion cells is caused by various
mechanisms, which depend on the electrode mateials
also on the protocol adopted to charge the cells Tdss
in capacity could be attributed to several factoasnely
unwanted side reactions that occur during overeharg
which causes electrolyte decomposition, passiven fil
formation, active material dissolution and other
phenomend.The objective of this work is to develop a
first principle model that would simulate the capatade
in commercial Li-ion cells under normal cycling
conditions. The model includes capacity loss arfsem
active material losses, rate capability and alsistance
of the cell.

Capacity Fade Quantified:

Initial performance data would be needed to
check the validity of the model. Sony US18650S scell
with a rated capacity of 1800 mAh were used fois¢he
studies. For cycling, the cell was charged at astzont
current of 1 A until the potential reached 4.2 V.
Subsequently the voltage was held constant at 4tV
the current drops to 50 mA. From the performanudiss
of the 18650 cells and the DPA analysis of fresd an
cycled positive and negative electrodes, we cobld to
quantify the capacity loss with cycling based one¢h
major losses namely loss of primary active matetigl),
secondary active material (LiCg@arbon) and rate
capability lossé&s’.

M odel Development:

Since most 18650 Li-ion cells are limited by
negative electrode in terms of capacity, modelihg t
capacity fade with negative electrode alone under
consideration would be sufficient. Loss of activetemial
with continuous cycling could be attributed to donbus
film formation over the surface of negative eledto

During charging Li-ions will be intercalated into
graphite, which causes an increase in volume gihira
particles. Hence the surface films on the edge g3an
through which Li-ions are inserted into the graphire
stretched and may be damaged during Li-ion ingertio
(due to the increase in the particle’s volume), g the
passivation is limited. This allows continuous drsable
reactions between the lithiated carbon and solution
species, i.e., the breakdown and repair of theasarfilms
that increase their thickness and hence the etizdro
impedance upon cyclifig

There are several possible reaction schemes
available in the literature for the reactions betwehe
lithiated carbons and solution species. The natbfre
reaction depends upon the type of solvent mixtsesun
the battery electrolyte and the possible contanigam
the system that includes gases like,CO, and N. The
simplest reaction scheme to be considered for rimaglel
capacity loss is the two-electron reduction of BCPE
followed by formation of LiCOs, which is the surface
film over the surface of negative electrode.

(CH,0), CO+2e +2Li - Li,CO, 1 + G H 1

has been used for
and charge-discharge

Li-ion diffusion model

capacity fade simulation

characteristics. Based on the cycling data andhaitfecell
experiments, the parameters considered most signtfi
for capacity losses are film resistance and SOGhef
electrode material limited by capacity.

A semi-empirical correlation has been developed
and presented earlfdior explaining the variation of SOC
with cycling that would account for the active mék
losses, and with film resistance and diffusion tiokeint
as fitting parameters, the drop in cell voltage #relrate
capability losses could be simulated. Figure 1egmesthe
comparison of discharge performance obtained
experimentally and based on simulation.

In this presentation we will be discussing the
development of first principles model based on glue
reaction assumed to explain the variation of SO wi
cycling that accounts for the primary and secondative
material losses. Inclusion of rate capability lassl film
resistance in the first principles model will ald®
discussed.

Acknowledgment

Financial support provided by National
Reconnaissance Office for Hybrid Advanced Power
Sources # NRO-00-C-1034 is acknowledged gratefully.

References

1. P. Arora, R. E. White and M. Doyle].
Electrochem. Soc., 1998, 145, (3647).

2. P. Ramadass, Bala. S. Haran, R. E. White and B.
N. Popov,J. Power Sources, 2002, 112, (606).

3. P. Ramadass, Bala. S. Haran, R. E. White and B.
N. Popov,J. Power Sources, 2002, 112, (614).

4, D. Aurbach,). Power Sources, 2000, 89, (206).

5. P. Ramadass, Bala. S. Haran, R. E. White and B.

N. Popov, Extended Abstracts, 2HECS Fall
Meeting, Salt Lake City, Utah, Oct 20-25, 2002,
The Electrochemical Society In83 (Al).

45

Comparison of Discharge Curves For Cells
Cycled at 25 Deg C for Various Cycles
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Fig.1 Comparison of experimental and simulated
discharge curves of Sony 18650 cells cycled at Rie
simulation is based on semi-empirical correlations
developed for resistances and SOC of positive and
negative electrodes based on Full cell and T-@etliss.



