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Introduction

The passivating solid electrolyte interphase (SEI)
layer forms at the surface of the negative eleetractive
material in lithium-ion cells. The SEI stabilizie cell
by preventing reduction of the solvent and thetebdyte.
Some of the cell’'s capacity is lost during the fatimn of
the film, and the resistance of the film increaagshe
film thickens. We would like to understand howdee
effects can be minimized in order to improve the
efficiency of lithium-ion batteries.

Mathematical model

A continuum-scale mathematical model, similar
to the iron-oxide film model of Battaglia and Newmda
has been developed to simulate the growth of tHea8&
transport of lithium and electrons through the filifhe
model described here differs from the SEI formation
model of Ramadasa. al.? in that migration is included as
a driving force for lithium transport, a defect rhagism
is used to describe transport in the film, filmgtb
occurs at the film-solution interface rather thaa t
electrode-film interface, and a multi-step film-fication
mechanism is assumed.

Figure 1 gives a schematic of the one-
dimensional model, in which transport of lithiuncacs
via interstitial (1;*) and vacancy (\) mechanisms, and
film growth occurs at the film-solution interfaceav
reduction of the solvent (ethylene carbonate) tafo
lithium carbonate, as proposed by Aurbattal.®> The
model will be used to estimate the film growth rdiien
resistance, and irreversible capacity loss duéno f
formation.

We have illustrated that film growth at the
negative electrode is faster for charged batt¢hias for
uncharged batteries (Fig. 2), and that higher edact
mobility in the film leads to faster growth (Fig). 3If
electron mobility is low, the rate of film growth limited
by transport of electrons through the film, and e
decreases as the thickness increases.

We have also shown that the irreversible
capacity loss due to the formation of a 75-ngCiQ; film
on charged graphite is only 0.2%. The film resiséa
increases with its thickness, but not as rapidhgesthe
conductivity of the film increases during the fifstv
hours of growth. This conductivity rise is dudrjection
of lithium interstitials into the film. Because weuld
like to minimize the film resistance, we should use
solvents or solution additives that form films withhigh
capacity for lithium-ion defects. We would alskelito
form films with low electronic mobility to prevent
incessant reduction of the solvent.
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Figure 1. Model of the growing SEI film. \{;” indicates
lithium vacancies, |;* indicates lithium interstitials,
and h' indicates holes. Arrows indicate the direction
of species motion on charge.
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Figure 2. Film growth at open circuit (.° = 10%).

SOC = initial “state of charge.” t.° = electronic

transference number.
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Figure 3. Film growth at open circuit (initial state of
charge = 0.2).




