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Graphite material s remain the dominant adive anode
material used in lithium-ion batteries. The performance
of graphite as a safe and reli able material that provides
sufficient energy density for many portable power

appli cations, such as mohil e phones and laptop
computers, explains this dominance. However, recent
safety concernsinvolving lithium-ion batteries used in
laptop computers and increasing power demands of new
technology, espedally in mobile phones, continues to
demand improved performance of battery materials.
Whil e research into new adive anode materials
progresses, improvements to graphite materials help
maintain their use in lithium-ion batteries.

In this gudy, we continue our look at different graphite
materials avail able in today’ s marketplacefor use athe
adive anode materia in lithium-ion batteries. We have
previously shown that morphology and structural
differences, as elucidated by SEM and XRD, can help
explain why graphite materials perform differently when
tested eledrochemicdly in lithium-ion cdls. For this
study, spedal attention is given towards differencesin
safety feaures and energy density off ered by these
graphite materials.

Differential scanning cdorimetry (DSC) and accéerating
rate cdorimetry (ARC) are used to compare the safety
performance of the different graphites. Both lithiated and
nortlithiated samples were studied in the mmmon
eledrolyte system 1 M LiPFg, 1:1 ethylene
carbonate/dimethyl carbonate. Figure 1 compares the
energy from the first DSC exotherm at 135— 140 °C for
five different graphite materials. Clealy, differences
exist which may have aitical effects on overall safety
performance of the lithium-ion batteries into which these
materials are assembled.

We have dso looked at the increased energy density
possbiliti es for diff erent graphite materials. Thisis
acomplished by increasing coating density of the adive
material in order to increase volumetric energy density.
Graphite beads, fibers and flakes were mated to eledrode
densiti es varying from 1.3 — 1.8 g/cm® and the resulting
performancesin lithium-ion cell s were ssses=d.
Dramatic differences exist. For example, graphite flakes
clealy show deaeasing performancein high rate and
long-term cycling cgpabiliti es as coated eledrode density
increases. Figure 2 showsthe 2C rate caability (asa
percentage vs. C/5) for graphite flakes coated in two
different formulations, with and without a mnductive
carbon additive.

In the end, final choice of adive anode material restson
consideration of a number of properties, including safety
and energy density. Thisrequires understanding both
material properties as well asthe end-use gplicaion of
that material.
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Figure 1: DSC analysis of first exotherm (135- 140°C)
for lithiated graphite materialsin 1 M LiPFs, EC/DMC
eledrolyte.

Figure 2: 2C rate caability for graphite flake sample
coated at three éedrode densities for two different
formulations: (+) with conductive cabon and (-) without
conductive cabon.
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