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Lithium-ion (Li-ion) batteries are attractive alatives to
other types of batteries owing to their high-enestprage
density and competitive cost. However, their agtians
are limited because of strong self-heating effectspled
with the adverse effect of temperature on the battte-
time. The battery packs utilize multiple Li-ion Il
which are stored close together to provide higlctete
power. This arrangement leads to increased tempest
that degrade the battery life. Traditional coolgygtems,
which use air-cooling with an electric fan, are not
attractive solutions due to their bulkiness anditaafdhl
power requirements. Prior work on thermal issuesiin
ion battery packs has demonstrated that a padsivenal
management system, which uses phase-change nsterial
(PCM), is a promising approach. The PCM thermal
management uses the latent heat stored in theialadsr

its phase changes over a small temperature range.

However, PCMs typically have low thermal condudiivi
They store heat from the batteries rather thanstearit
outside. For this reason, the usefulness of PCMipas
thermal management for the high-power Li-ion béter
is limited. In this talk we describe a possibilty using
graphene and few-layer graphene (FLG) as fillens fo
PCM for increasing PCM’s thermal conductivity while
preserving its ability for the latent heat storage.

Graphene’s superior intrinsic thermal conductivifiat
geometry and demonstrated capability for integratiith
other materials make graphene very promising ferrtial
management applications [1-7]. Our measurements
revealed that the large-area (~ 10 — 20pum longjlesin
layer graphene flakes have an extremely high room-
temperature thermal conductivity exceeding that of
diamond (~2000 W/mK) [1-4]. For comparison, the
thermal conductivity of silicon is 145 W/mK at room
temperature. The thermal conductivity of graphemeets
depend on their width [4] and the number of atomic
planes as one goes from graphene to graphite. The
thermal conductivity of graphene flakes incorpodate
within different materials can degrade due to giron
coupling to the adjacent layers and phonon scagesh
defects and edges. At the same time, the thermal
conductivity of graphene and FLG in different corsip®
materials can remain relatively high compared to
conventional materials.

We investigated a possibility of using graphenea difler
material in thermal interface materials (TIMs) @@Ms
[6-7]. It has been found the room-temperature tlarm
conductivity of the epoxy can be increased by atitich

of the chemically derived graphene by ~500% at ry ve
small loading fraction of ~5 vol % [7]. Graphendefis
cam be used in combination with other fillers suash
metal particles. It was also found that the thermal
conductivity of paraffin-based PCM can be increabgd
50 times at 1-wt% of graphene and FLG fillers [Bhe

increase in the thermal conductivity is much steorhan
that with the conventional filler materials. Thetaibed
results are important for the proposed applicatiofs
graphene and FLG in thermal management.

T ‘ T B T B T B T T
TR Graphene-Metal-Epoxy Composite |
< -- @ - Carbon Black - Epoxy Composite
S r =
E 8 Room Temperature "
£ i
= ’
- 6 [ -
s L]
2
/) .
O 4r " 4
= .
£
g 2- W @ - o -
0 1 L 1 L 1 L | " 1 " 1
0 1 2 3 4 5

Graphene Filler Volume Fraction

Figure 1: Thermal conductivity of the hybrid graphene-
FLG-silver-epoxy composite as a function of tempae
for 1%, 3% and 5% of the volume fraction of grapen
FLG filler loading. Note that the thermal conduitv
almost does not change in the examined range, which
important for TIM applications. The data is afterGoyal
and A.A. Balandin, Applied Physics Letters, 10030¥3
(2012).
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