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We herein report a facile route to improve the thermal conductivity of silicone thermal grease without
deteriorating its conformability via exploitation of outstanding thermal conductivity and mechanical flexi-
bility/ductility of graphene materials. The silicone thermal greases containing GNPs were prepared by us-
ing the high-energy ball milling process. The SEM images proved that GNPs were well dispersed in the
base grease. The thermal conductivity of the thermal greases was investigated and presented. The ob-
tained results demonstrated that GNPs are efficient for the thermal conductivity enhancement of the
thermal grease. The highest thermal conductivity enhancement up to 59 % was obtained with the grease
containing 0.75 vol. % GNPs. The enhancement could be attributed to high thermal conductivity of GNPs,
the good compatibility and uniform dispersion of GNPs in the thermal grease. The thermal conductivity of the
thermal grease with higher GNPs concentration of 1 vol. % was decreased due to the formation of GNPs clus-
ters. By using Chu’s model with the interfacial thermal resistance (Rj) fitting, we found that the thermal
conductivity enhancement of the thermal grease concerns to the R; between GNPs and the grease matrix.
The best way to improve the thermal conductivity of the thermal grease is to reduce the Ri. The obtained
results demonstrated the advantages of GNP in the thermal greases for the heat dissipation in high power
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electronic devices.
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1. INTRODUCTION

Recently, the development of microelectronics and
electronic nanotechnology, component density, power
and speed of operation has increased rapidly. When the
high power electronic components such as High Bright-
ness LED (HB-LED) and Central Processing Unit (CPU)
computer are generally being operated for a long time,
energy will disappear and release amount of heat [1-3].
It is well-known that the reliability of high-power elec-
tronic devices is exponentially dependent on the operat-
ing temperatures, with which a small variation can
result in two times reduction in the lifespan of a device
[4, 5]. Therefore, the heat generated from high-power
electronic devices should be dissipated as quickly and
effectively as possible to maintain the operating tem-
peratures of the devices at the desired level [6]. Accord-
ingly, it is essential to develop well thermal manage-
ment to extend the lifetime, enhance the efficiency, and
ensure optimum performance and reliability of high
power electronic components.

Traditionally, heat sinks have been used to dissipate
heat released from electronic devices. However, the
performance of a heat sink limited due to interfacial
thermal resistance arising from the mismatch with non-
surface flatness and surface roughness of both the de-
vices and the heat sink [7, 8]. To increase the heat dis-
sipation of high power equipment, thermal grease is
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considered as an ingenious solution. In general, thermal
grease is classified as a thermal interface material
(TIM) with good thermal conductivity, normally em-
ployed to fill the gaps of the mating surface more effec-
tively [9-11]. Among various types, silicone thermal
grease is considered as one of the most promising TIM,
consisting of two main components, polymeric matrix
and thermally conductive fillers [11, 12]. Many works
have been done to enhance the thermal conductivity of
silicone grease by adding the nanomaterials such as
nanoparticles, nanotubes, nanosheets, etc. [13-16]. Re-
cently, graphene is a two-dimensional nanocarbon ma-
terial with the hexagonal packed structure compro-
mised of sp2-hybridized carbon atoms, experimentally
realized in 2004. Graphene has attracted intensive in-
terest in many fields due to its exceptional physical and
chemical properties, such as high electrical conductivity,
superb thermal conductivity [17], and high mechanical
strength. The superb thermal conductivity of graphene
has opened a new window for application in the thermal
grease for the heat dissipation of high-power electronic
devices [18-22]. In this report, we focus on research of
thermal grease containing GNPs by using silicone
grease and high-energy ball mill method. The results
showed an enhancement in thermal conductivity up to
59 % for grease containing 0.75 vol. % GNPs.
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2. MATERIALS AND METHODS

The graphene nanoplatelets (GNPs) with purity of
99.5 % purchased from ACS Material Company, USA
were used as filler. Silicone thermal grease with the
thermal conductivity of 2 W/m.K supplied by Hongda
Chemical, China was used as matrix.

The fabrication process of silicone thermal grease
containing GNPs is shown in Fig. 1. GNPs with differ-
ent concentrations (0.25, 0.5, 0.75 and 1 vol.%) were
milled with the silicone thermal grease by using high-
energy ball mill process (8000D Mixer/Mill) at a speed
of 8000 rpm for 3 hours to obtain the thermal grease
containing GNPs.

Field-emission scanning electron  microscope
(FESEM) was used to examine the size, morphology,
and distribution of GNPs in the thermal grease. Raman
spectroscopy was used to analyze the structure of GNPs
and thermal grease containing GNPs. Transient Hot
Bridge THB-100 (Linseis, Germany) was used to meas-
ure the thermal conductivity of the grease in the range
from 1 to 100 W/m.K at room temperature.

High energy
(GNPs) Mixing ball milling
i (8000 rpm, 3h)

GNPs/Silicon
thermal grease

GNPs-Silicon grease
compound

Silicon thermal grease

Fig. 1 — Schematic diagram of the fabrication process of sili-
cone thermal grease containing GNPs

3. RESULTS AND DISCUSSION

Fig. 2 shows a typical FESEM image of the GNPs at
high magnification. The thickness of nanosheets was in
the range of 2-10 nm, the average diameter was about
5 um with high cleanliness.

IMS-NKL 5.0kV 4.1mm x10.0k SE(M)

Fig. 2 - FESEM image of graphene nanoplatelets

Raman spectrum of the GNPs is shown in Fig. 3, re-
vealing the most prominent features in the Raman spec-
tra of graphene materials, including G (~ 1579 cm 1)
and 2D (~ 2687 cm~1) bands. No D band (defective sig-

J. NANO- ELECTRON. PHYS. 11, 05039 (2019)

nature) is found in the spectrum, suggesting the high
graphitic quality of the GNPs.

Fig. 4a shows the SEM images of thermal grease con-
taining 0.75 vol. % GNPs as prepared. As can be seen, the
silicone thermal grease used in this research contains
some large and small filling particles distributed in the
grease. In order to observe the distribution of GNPs and
the compositions of grease, the sample was annealed at
300 °C for 3 h in vacuum to remove the organic binders.
Fig. 4b shows the distribution of the metal oxide particles
of the grease and GNPs inside thermal grease after an-
nealing. This indicates that silicone grease clings to gra-
phene. In other words, GNPs were good compatibility and
well-dispersed in the silicone grease, thereby enhancing
the thermal conductivity of grease.
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Fig. 3 — Raman spectra of GNPs
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Fig. 4 - FESEM image of silicone thermal grease containing
GNPs before (a) and after (b) annealing at 300 °C for 3 h in
vacuum
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Fig. 5 shows the thermal conductivity and the ther-
mal conductivity enhancement of thermal grease with
different GNP concentrations. In which, the thermal
conductivity enhancement calculated using the equation
is (k — ko)/ko, where k and ko are the thermal conductivity
of the silicone thermal grease and the thermal grease
containing GNPs, respectively. The thermal conductivity
of silicone thermal grease containing GNPs was meas-
ured to be 2.18, 2.69, 3.14 and 2.53 W/m.K corresponding
to the grease with 0.25, 0.5, 0.75 and 1 vol. % CNPs,
those are much improved in comparison with pure sili-
con thermal grease (1.98 W/m.K). Similarly, the thermal
conductivity enhancement was calculated to be 10 %,
36 %, 59 %, 28 % corresponding to the thermal grease
containing 0.25, 0.5, 0.75 and 1.0 vol. %, respectively. It
is interesting noted that the thermal conductivity en-
hancement is recorded with the GNP concentration up to
0.75 vol. % (59 %), then decreased as GNP concentration
reached 1 vol. %. The enhancement could be attributed
to the high thermal conductivity of GNPs. The decrease
in the thermal conductivity of the grease with 1 vol. %
GNPs could be due to the formation of GNPs clusters
during the mixing process.
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Fig. 5 — Thermal conductivity enhancement of silicone ther-
mal grease containing GNPs with different concentrations

The thermal conductivity of the thermal grease not
only depends on the thermal conductivity of filler, but
also on the interfacial thermal resistance (Rx) between
fillers and grease matrix. In this case, we have used
Chu’s model to estimate the R by fitting the experi-
mental data and the calculated data. The model took
into account the effects of the thickness, length, flat-
ness of GNPs and R: between GNPs and grease matrix.
The model was expressed as the following equation (1):

ko 3+2772(p/[k0(2Rk /L+13.4Jt7]
k, 3-ng

) @

where 7=0.7, L=2 pum and ¢t=5nm are the flatness
ratio, the length, and thickness of GNP, respectively.
ko =2 W/m.K is the thermal conductivity of the silicone
thermal grease. Fig. 6 shows the predictions of thermal
conductivity enhancement as a function of GNP concen-
tration compared with the experimental data using
Chu’s model with the variation of Rk. As can be seen, Rr
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decreased from 3.5-10 -9 mK%W to 1.3-10 -9 mK2/W then
to 1.1-10 -9 mK2/W corresponding to the grease contain-
ing GNP concentration of 0.25, 0.5 and 0.75 vol. %. The
decrease of the Rr when increasing the GNP concentra-
tion in the thermal grease could be due to the improve-
ment of the phonon interaction between GNPs. Besides,
the good compatibility and uniform dispersion of GNPs
in the thermal grease is also contributed to the decrease
of the Rr. In contrary, Ri of the thermal grease contain-
ing 1 vol. % GNPs was calculated to be 4.9-10 -9 mK2/W.
This value is much higher than those of the thermal
grease containing lower GNP concentration. In this
case, the increase of the R has mainly attributed to the
formation of the GNPs clusters as resulted from the 7
stacking during the mixing process. As obtained results,
we can conclude that the decrease of the Rr between
GNPs and matrix is the best way to improve the ther-
mal conductivity of the thermal grease. This can be
done by improving the bonding between GNPs and ma-
trix via functional groups and also prevent the for-
mation of GNPs clusters.

2.0

O Experimental data
— Chu's model

1.8

1.6
'ic
2

1.4

1.2

1.0
0.00

0.25 0.50 0.75

GNP concentration (vol.%o)

Fig. 6 — Chu’s model predictions of thermal conductivity en-
hancement as a function of GNP concentration compared with
the experimental data

4. CONCLUSIONS

We have successfully fabricated the silicone thermal
greases containing GNPs. The SEM images proved that
GNPs are dispersed in the based grease by high energy
ball mill method. The thermal conductivity of the
thermal greases was investigated. The measured re-
sults showed that GNPs are efficient for the thermal
conductivity enhancement of the thermal grease. The
highest thermal conductivity enhancement up to 59 %
was obtained with the grease containing 0.75 vol. %
GNPs. The obtained results confirmed the advantages
of GNPs in use as filler in the thermal grease for the
heat dissipation of high power electronic devices.
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Bruiue koumneHnTparii rpadgeHOBUX HAHOIIJIACTUHOK HA TEILIONPOBiAHICTH
CHJIIKOHOBOI TEpPMOIIACTH
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Mu noBimomiisieMo IIpo epeKTUBHUN IIJIAX [0 MiABHAINEHHS TEILJIONPOBIIHOCTI CHIIIKOHOBOI T€PMOIIACTH
0e3 ImoripImeHHs Ii CyMICHOCTI 32 PAXyHOK BUKOPHCTAHHS BUCOKOI TEILJIOIIPOBITHOCT] T MEXaHIYHOI THYYKOC-
Ti/mnactuaHocTi rpadeHoBux MarepiasiB. CHIIIKOHOBI TepMOIIacTy, IM0 MICTATH Irpad)eHOBlI HAHOILJIACTHHKY
(T'HII), roryBasmcsi i3 3aCTOCYBAHHSM BHCOKOEHEPIeTHYHOTO IIOMEJIy B KYJBOBOMY MJIMHI. 300pasKeHHs
CEM mnoxrasamu, o ['HIT 6ysmm mobpe mucreproani y 6a3osiit Tepmornacti. JlocaipreHa TEIIOMPOBIIHICTD
tepmortactu. Orpumani pedysnbratu mokasanw, 1mo ['HIT ederTwBHI Ui MIABUIMEHHS TEILJIOMPOBIIHOCTI
Tepmortact. HafiBurie miIBAIIEHHS TEILIOMPOBITHOCTI 110 59 % 0yJI0 OTPUMAHO JJIsi TEPMOTIACTH, 1110 MICTHTD
0,75 06. % I'HII. Tare mgBuineHHs MOKHA BiHeCTH 0 BUCOKOI Terutonmposiguocti ['HII, xopomroi cymicHoC-
Ti Ta piBHOMipHOro mucmepryBanus ['HII y Tepmomacti. TemmonpoBigHicTh TepMOIACTH 3 O1JIBII BHCOKOIO
rounerTparieio ['HIT 1 06. % smenIryBaiaca 3a paxyHok yrBopeHHs Kiaacrepis 'HII. Buxopucrosyouu mo-
nesns Uy 3 migbopom miskdasHol TepmoctiiikocTi (Rr), MU BUSBUIIN, IO IIIBUIIEHHS TEIJIOIPOBIIHOCTI TEP-
MOMACTH CcTOCyeThes TepMoctiiikocti Ry misk ['HII Ta marpurieio repmornactu. Hafikparuii croci6 mosnimmmute
TEIJIOIPOBIHICTE TEPMONACTH — I 3MeHImuTH R OrpuMaHi pe3ysbTaTy IIPOJEMOHCTPYBAJIHU II€peBaru
T'HII B Tepmomniacrax [iisi po3CilOBaHHS TEILIA B €JIEKTPOHHUX IIPUCTPOSIX BUCOKOI ITOTYKHOCTI.

Kirouogi ciosa: I'paden, CrtikonoBa Tepmonacra, TerutoBuit marepiast inTepdeticy, TerronposigHicTs.
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