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Introduction

Theoreticd analyses of intercdation
eledrodes have been conducted by a number of
reseachers. These studies show that the particle size,
particle surface aea solid-state and liquid-phase
diffusion rates of intercdant ions, eledrode thickness
and eledrode porosity can have a significant
influence on the charge-discharge rates and utilization
of intercdation eledrodes. For example, Verbrugge
and Koch analyzed the darge-transfer readion and
diffusion of intercdants in porous eledrodes. Their
results are useful for analyzing the charge-discharge
behavior of graphite dedrodes for Li-ion batteries.
They defined a parameter ¢ that is a refledion of the
relative importance of solid-state transport resistance
to that of the liquid phase:

{ = [De/D I L1
where Dgy; is the salt diffusion coefficient, D|° isthe
intercdant diffusion coefficient at infinite dilution, rg
isthe dharaderistic dimension of the particle, and L is
the thickness of the porous electrode. When C is large,

solution-phase diffusion resistance does not need to
be mnsidered. With typicd values quoted by

Verbrugge and Koch (Dgyt = 5.5 X 10° cms, D° =

1x 10 em?s rg= 0.3 pm, L = 20 um), = 12.375,
which suggests that only solid-state diffusion should
be mnsidered. Fuller et al. aso analyzed transport in
solution and intercdation eledrodes and defined a
dimensionless parameter S that is a ratio o the
diffusion time in the dedrode to the discharge time.
They concluded that diffusion limitations may exist in
carbon in their analysis.

Studies of the charge-discharge rate cagabiliti es of
carbon particles considered for Li-ion batteries were
reported in several publicaions... The intent of the
present paper isto extend these studies by providing a
systematic analysis of a series of natural graphite
flakes with similar morphology but different average
particle size

Experimental
Six samples of flake natural graphite powders with

average basal plane dimension of 2, 7, 12, 20, 30 and
40 um were obtained from a commercial source The
edge thickness of these samples ranged from 0.21 um
to 285 um, as determined from measurements using
scanning eledron microscopy. The dgg2 Sspadng,
which was determined by x-ray diffradion analysis, is
3.36 A and is essntiadly the same for al of the
samples. The basal length of the particles is taken to
be the same dimension as the average particle size
The physicd properties of these samples were
summarized elsewhere (1).

Results

Fig. 1 shows representative charge-discharge profiles
for NG2 and NG30 at a discharge rate of 46.5 mA/g
(C/8 rate) and a charge rate of 31 mA/g (C/12 rate).
The profil es show that NG2 discharged for 8 h before
the potential readed 0V, and the corresponding time
for NG30 was 6 h. The time for charge of NG2 was

equal to the rate (C/12), whereas the time for NG30

.+ .
was less (8 h) because the Li -ion content in the
intercadated graphite was less. At the higher discharge
rates, the potential of the samples reated 0V much
sooner than the time indicated by the C-rate. Because

of the dow transport rate of Li* ionsin the graphene
layer planes, the time is too short for the ions to
completely intercdate the larger graphite particles to

the theoreticd limit. Slow solid-state diffusion of Li"
ions produces concentration polarization in graphite
that drives the potential towards 0 V, and this cut-off
potential isreaded before intercdation is complete.
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