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Abstract: The relationship between the thermal/electrical
conductivity enhancement in graphite nanoplatelets ( GNPs)
composites and the properties of filling graphite nanoplatelets
is studied. The effective thermal and electrical conductivity
enhancements of GNP-oil nanofluids and GNP-polyimide
composites are measured. By taking into account the particle
shape, the volume fraction, the thermal conductivity of filling
particles and the base fluids, the thermal and electrical
conductivity enhancements of GNP nanofluids are theoretically
predicted by the generalized effective medium theory. Both
the nonlinear dependence of effective thermal conductivity on
the GNP volume fraction in nanofluids and the very low
percolation threshold for GNP-polyimide composites are well
predicted. The theoretical predications are found to be in
reasonably good agreement with the experimental data. The
generalized effective medium theory can be used for predicting
the thermal and electrical properties of GNP composites and it

is still available for most of the thermal/electrical
modifications in two-phase composites.
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ecently, there has been an increasing interest in
R graphite nanoplatelet composites because of their
unique electrical, thermal and optical properties' . The
thermal conductivity of large enough graphite nanoplate-
lets (GNPs) should be higher than that of bulk graph-
ite!”’. Recent experimental studies have also shown that
the thermal conductivity of few-layer GNPs is of a similar
aspect ratio to that of single-wall nanotubes (SWNTs) but

with twice the increase in the thermal conductivity when
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embedded in epoxy composites'™ . Moreover, the nonlin-
ear dependence of the effective thermal conductivity on
the volume fraction of GNPs has been reported'”. In the
case of the electrical conductivity, very low percolation
thresholds in carbon nanotube composites have also been
reported"” "’
urements on GNP-oil nanofluids bear no signature of the
percolation threshold. The contrasting behavior should be
carefully examined since both the thermal and electrical
transport processes are described by the same continuum
equation'''™
trical conductivity enhancement and the properties of fill-
ing GNP particles requires quantitative study of the ther-
mal/electrical transfer processes in GNP composites.

Surprisingly, the thermal transport meas-

!, The relationship between the thermal/elec-

1 Experiment

In this paper, we study the thermal conductivity en-
hancement of GNP-oil nanofluids and the low percolation
threshold of GNP-polyimide composites. Considering the
shape and the volume fraction of graphite nanoplatelet
particles, we would like to generalize the effective medi-
um theory to investigate the effective thermal and electri-
cal properties of GNP composites. Our theoretical predic-
tion on the effective thermal and electric conductivity of
GNP composites is in good agreement with the experi-
mental results.

Graphite nanoplatelet particles are grown on substrates
by the ultrasonic spry pyrolysis method and under the
typical controlled dispersion
process'™ "', In order to investigate the effective thermal
conductivity enhancement of GNP-oil nanofluids, the
GNP particles of 0.05%, 0.1%, 0.2%, 0.4%,
0.6%, 1.0% in volume fraction are chosen. Then the
chosen amount of GNP particles are filled into the base

exfoliation and

oil liquid and operated under a high rotation speed for
about 100 min to ensure a good dispersion of additional
filling GNP particles in oil. The thermal conductivity of
GNP-oil nanofluids is measured by a thermal testing de-
vice (ZKY-BRDR). The effective electric conductivity
enhancement of GNP-polyimide composites is measured
by a resistivity test fixture ( Keithley8009) and an elec-
trometer ( Keithley6517) .
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2 Results and Discussion

To observe details of the as-prepared graphite nano-
platelet particles, a scanning electron microscope ( SEM)
and high resolution transmission electron microscopy
(TEM) are employed. The results are shown in Fig. 1.
From Figs. 1(a) and (b), it can be seen that the average
lateral dimensions and the average thicknesses of GNPs
are 0. 5 to 3 wm and 10 to 20 nm, respectively. The SEM
and TEM images show that the as-prepared products con-
sist of nanoplatelets with irregular shape and thickness
distribution.

Fig.1 Micrographs of GNPs. (a) SEM; (b) TEM

In the course of understanding the transport behavior of
the GNP mixture, we would like to generalize the effec-
tive medium theory''*’. We consider a graphite nanoplate-
let composite in which the graphite nanoplatelet particles
with the volume fraction f and matrix particles with con-
ductivity K, are randomly mixed. For simplicity, we as-
sume that matrix particles are spherical and graphite nano-
platelet particles are spheroidal in shape with the half radii
a, b, ¢, and b =c. Since graphite nanoplatelet particles
are randomly oriented, the effective conductivity K, is

isotropic'” ™", For such a composite, the effective medi-
um theory gives'” that
K, - K
Y] +9(]1 —=f) = Tm
f,; K, +L(K -K,) 2 f)2K5+Km

(1)

where K ; is the equivalent thermal (or electrical) con-

ductivity along the j-axis, and the depolarization factor L,

depends on the GNP aspect ratio P = a/c, which is ex-
pressed as

21—3( —2p+ean;p) e<l

L = f P (2)
—3(251 - em +2earctan i) e>1

2q q

For the thermal transportation, due to the large interfa-
cial thermal resistance, graphite nanoplatelet particles are
physically anisotropic. In order to take such an effect into
account, one often assumes that spheroidal particles are
coated with a layer of material with thickness d and con-
ductivity K. The interfacial thermal resistance is concen-
trated on a surface of zero thickness, which is defined as

Ry = lim (8/K,)

Hence, one has K ; =K /(1 + ORy,L K ) with O = (2a
+c¢)/(ac). As aresult, Eq. (1) is simplified as

K. -K,

K, -K,
f[K +L(K, K)

42K +(1-L)(K,-K,)

-K,
o f)ZK K, =0 (3)

For the electrical transport, the interfacial electrical re-
sistance is so small that it can be ignored, i.e., Ry, =0.
Therefore, we calculate the effective electrical conductivi-
ty by substituting K_; = K, into Eq. (3). Note that Eq.
(3) can predict the non-zero percolation threshold.

Fig. 2 shows a comparison between Eq. (3) and our
measured effective thermal conductivity of GNP-oil
nanofluids. In the calculation, the thermal conductivities
of the oil and the GNPs are taken as 0. 144 8§ and 1 000
W/mK, respectively'™, and R,, =8 x 10 *m’> + K/W.
In addition, the depolarization factor tends to be zero for
graphite nanoplatelet particles with a large aspect ratio.
Fig. 2 shows the thermal conductivity enhancement as a
function of the filler loading. The enhancement (as high
as 50% ) in the thermal conductivity is observed for the
GNP-oil nanofluids with a volume fraction of only 1%

GNPs. At the same time, our theoretical results are found
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Fig.2 Effective thermal conductivity enhancement of GNP-oil
nanofluids compared with the theoretical results
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to be in reasonably good agreement with the measured ex-
perimental data.

Fig. 3 shows the enhancement of the effective electrical
conductivity vs. the volume fraction in GNP-polyimide
composites. We can see that the theoretical results are in
good agreement with the measured experimental data. For
GNPs in polyimide composites, the depolarization factor
is estimated as 0. 000 07; hence, f, =0.000 4. Such a
percolation value is of the same order as the data reported
in Ref. [ 11]. When the experimental data is compared
with our theoretical results, we find that a very low per-
colation threshold for GNP-polyimide composites is well
predicted.
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Fig.3
GNP-polyimide composites

Effective electrical conductivity vs. volume fraction in

3 Conclusion

The effective thermal and electrical conductivity en-
hancements of GNP-oil nanofluids and GNP-polyimide
composites are measured. As high as 50% enhancement
in the thermal conductivity is observed for GNP-oil
nanofluids with a volume fraction of only 1% . For the
GNP-polyimide composites, the non-zero percolation
threshold is well investigated. Both the nonlinear depend-
ence of the effective thermal conductivity on the GNP
volume fraction in nanofluids and the very low percola-
tion threshold for GNP-polyimide composites are well
in good
agreement with the experimental data. Our model can be
applied for predicting the thermal and electrical properties
of GNP composites, which is still available for most of
the thermal/electrical modification in two-phase compos-
ites.

predicted. Our theoretical predications are
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