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The thermal conductivity of the composite materials based on the com-
mercial ZnO micropowder with/without reduced graphene oxide (0.5
vol.%) powder dispersed in the polymethylsiloxane (silicone oil) is meas-
ured using the radial heat-flow method. The thermal conductivity of the
composite material based on the commercial ZnO micropowder with an
average particle size of 50 pm is found to be of 1.2 W /(m-K). The thermal
conductivity of the composite material on the base of ZnO and reduced
graphene oxide is found to be of 7.5 W/(m-K). At room temperature, the
values of the dielectric permittivity at the measuring electric-field fre-
quencies of 50 Hz and 1 MHz as well as the specific bulk electrical re-
sistance for the composites are obtained. The large values of the thermal
conductivity and the dielectric permittivity as well as lower specific bulk
electrical resistance of the reduced graphene oxide—ZnO composite are as-
sociated with the contribution of reduced graphene oxide, the Maxwell—
Wagner—Sillars interfacial polarization, and formation of the microcapaci-
tor structures. It is also necessary to take into account that water could
be adsorbed onto the powders’ surface in the process of composites’ fabri-
cation. The high performance of reduced graphene oxide—ZnO composite
synthesized by the simple and facile process in this work shows promising
potential in thermal control of the electronic devices.

TenonpoBiAHICT, KOMOO3UTHUX MATEPiAJiB HA OCHOBI IIPOMMCJIIOBOTO MiKpO-
nopomKy ZnO 3 mMopourKkoM,/6e3 MOPOIIKY BiTHOBJIEHOTO rpadeHOBOTO OKCUILY
(0,5 06.%), mucIeproBaHOr0 B IOJIiMETHJICUJIOKCAHI (CUIiKOHOBIiH oJrii), Bu-
MipooBaJau METOAOM PalifdJbHOTO TEIJIOBOIO IIOTOKY. BcTaHOBIEHO, ITIO TEILIO-
OPOBiAHICTE KOMIO3UTHOTO MAaTEPisly Ha OCHOBiI IIPOMMCJIOBOTO MiKPOIIOPO-
mKy ZnO i3 cepenuim poamipom yactuok y 50 MKM ctanoBuTh 1,2 Br/(M-K).
TenonpoBiAHICTF KOMIO3UTHOTO MaTepisaay Ha ocHOBI ZnO Ta BiZHOBJIEHOTO
rpadeHoBoro oKcuny ckJjaanaa 7,5 Br/(m-K). 3a kiMmHaTHOI TeMiiepaTypu onep-
JKaHO 3HAUEHHS MieJIeKTPUYHOI IPOHMKHOCTH HA YACTOTaX BUMipIOBAJIBLHOTO
enekTpuuHOoro moysg y 50 I'm i 1 MTI'p Ta muToMoro o6’€MHOTO €JIeKTPUUHOTO
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OIOpY AJIS KOMMOO3UTiB. BeJnKi 3HaUeHHS TeIJIONPOBiZHOCTU Ta HieJeKTPHUU-
HOI MPOHUKHOCTHU, a TAKOXK MEHIINN NUTOMUIN 00’€MHUM eJeKTPUUHUH OIip
KOMIIO3UTY BimHOBJEHOTo rpadeHoBoro oxkcuay—Zn0O mos’sas3aHi i3 BHECKOM
BiTHOBJIEHOTO Irpad)eHOBOTO OKCULY, Misk(asHOI0 mosapusalieio Makcperaa—
Baruepa—Cinnapca ta GopMyBaHHAM MiKPOKOHIEHCATOPHUX CTPYKTyp. He-
00XiTHO TAaKOXK BpaxOBYBAaTH, 110 B IPOIleCci BUTOTOBJIEHHS KOMIIO3UTIiB HA IIO-
BepXHi IIOPOIIKiB MOsKe ajicopOyBaTucs Boja. Bucoka mMpoayKTUBHICTD BigHO-
BJIEHOTO KOMIIO3UTY rpadeHiB okcua—7Zn0, CHHTE30BAHOTO IIPOCTUM i JIETKUM
IPOIIeCOM Y IIifi poOOTi, IeMOHCTPY€E MEePCHeKTUBHICTE ¥ TEIIJIOBOMY KOHTPOJIL
eJIEKTPOHHUX IIPUCTPOIB.

Key words: reduced graphene oxide, zinc oxide, composites, thermal con-
ductivity, dielectric constant, specific bulk electrical resistance.

KarouoBi cmoBa: BimHoBIeHuii rpadeHiB oxcupm, oxkcup I[MHKY, KOMIIO3UTH,
TeIJIONPOBiAHICTD, JAieleKTpuUHA IPOHUKHICTH, MUTOMHUII 00’€MHUU €JIeKT-
pUYHHNI omip.
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1. INTRODUCTION

As it is known, the thermal greases are used to remove heat from
the heat-generating working elements of electronic devices, in par-
ticular, processors, chipsets, computer video accelerators, lasers,
high-power LEDs, etc. Mostly, all thermal greases contain a polymer
(for example, silicone oil) and various fillers—thickeners (for exam-
ple, aluminium nitride, boron nitride, silver, aluminium oxide, zinc
oxide, graphite) [1]. Graphene-based thermal conductive composites
have come into notice in recent years [1-4]. A considerable number
of works were devoted to enhancement of the thermal conductivity
by increasing of the graphene content. However, it is impractical
for the fabrication process when the grapheme content is too high
[6]. The coefficient of thermal conductivity of graphene is varied
within the range between 1500 W/(m-K) and 5800 W/(m-K) that is
a record value for all the known materials [4, 6].

In general, graphene behaves as hydrophobic material. On the
other hand, graphene with the functional groups, which is called
reduced graphene oxide (rGO), possesses better stability due to the
hydrogen bonding [7]. The thermal conductivity of the rGO can
reach 2600 W/(m:K) and depends on the concentration of oxygen
atoms in rGO [8]. The coefficient of thermal conductivity decreases,
when the number of oxygen atoms increases [6].

At the same time, the number of publications concerning the
thermal conductivity of the composite materials based on ZnO and
rGO still is limited [9, 10]. One can note in this respect that we
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could not find any literature data concerning the thermal properties
of composite materials based on ZnO, rGO and polymethylsiloxane.

This work is concerned with study of the electrophysical parame-
ters, such as specific bulk electrical resistance and dielectric per-
mittivity as well as with the testing of the thermal conductive
properties of the composites based on ZnO, rGO and polyme-
thylsiloxane with the prospect of their application in the computer
technique.

2. EXPERIMENT

The composite materials were produced by dispersing of ZnO mi-
cropowder with an average particle size of 50 pum (99.7%,
UKRZINC, Kyiv, Ukraine) with/without rGO powder (0.5 vol.%,
purchased from Sigma-Aldrich, Saint Louis, USA) in the polyme-
thylsiloxane PMS 1000 (silicone oil, SOFEX, Moscow, Russia). The
silicone oil and the fillers were taken in a volume ratio of 3:7. Ac-
cording to the certificate of analysis obtained from Sigma-Aldrich,
the rGO contained 83% of carbon and 4% of nitrogen by mass.

Determination of the thermal conductivity of the composites was
carried out by radial heat-flow method [11].

The values of dielectric permittivity and specific bulk electrical
resistance at room temperature and different frequencies of measur-
ing electric field were obtained by LCR Meter IM3536-01 (HIOKI E.
E. Corporation, Nagano, Japan).

The free software ‘RealTemp’ and ‘CPU Burn-in v1.0’ were used
for testing of the thermally conductive composites. ‘RealTemp’ is a
program for monitoring the temperature of computer-processor
cores. It was designed for Intel Single Core, Dual Core, Quad Core
and Core i7 processors. Each core in these processors has a digital
thermal sensor. ‘CPU Burn-in v1.0’ is a program that ‘heats’ any
processor with ‘x86’ architecture to the maximum possible operat-
ing temperature, accessible using a conventional software.

3. RESULT AND DISCUSSION

Figure presents the time dependences of the processor operating
temperature measured starting from the moment of turning off the
stable load of the computer, using different layers of composite ma-
terial between the surfaces of the processor and the copper heatsink
used for heat dissipation. It has been found that heat was removed
much better when using a composite based on GO powder.

At room temperature, the obtained values of the dielectric per-
mittivity € at the frequencies of electric measuring field v=50 Hz
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Fig. The time dependences of the processor operating temperature meas-
ured starting from the moment of turning off the stable load of the com-
puter, using different layers of composite material between the surfaces of
the processor and the copper heatsink used for heat dissipation: I—
composite based on ZnO and polymethylsiloxane; 2—composite based on
7Zn0, rGO and polymethylsiloxane.

or v=1 MHz and specific bulk electrical resistance p (v=50 Hz) for
the two composites are given in Table.

The coefficients of thermal conductivity o of the investigated
composites were calculated based on the following relation [11]:

o= KMUI , (1)

2l (T; - 1)
where K is the factor of the axial heat loss through the plugs of the
measuring cell (it depends on the plug material and is calculated by
reference to a sample with known thermal conductivity); r; and r,
are the inner and outer radii of the cylindrical composite layer; T,
and T, are the temperatures of the internal and external surfaces of
the composite layers; [ is the length of the cylindrical composite
layer; U is the voltage on the heater; I is the current in a heater.

The values of the thermal conductivity of the composite materials
based on ZnO powders with a grain size of 50 ym without/with rGO
calculated according to Eq. (1) were found to be equal to 1.2
W/(m-K) and 7.5 W/(m-K), respectively. The relative measurement
error did not exceed 10%.

The thermal conductivity of the polymethylsiloxane is known to
be equal a=0.15 W/(m-K) at room temperature [12]. Besides, it is
known [13-15] that the coefficient of thermal conductivity of ZnO
single crystals is in the range from 100 W/(m-K) up to 120
W/(m-K) and depends on the manufacturing technology and pro-
cessing of the samples.
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TABLE. Room-temperature electrophysical parameters of the studied ma-
terials.

Composite based Composite based on

Parameter the ZnO and rGO
on ZnO powder
powders
Specific bulk electrical
resistance at frequency of 50 Hz, 4-10%° 8-10°
Ohm-cm
Dielectric constant at frequency of:
50 Hz 8 60
1 MHz 6 43

Large values of thermal conductivity and dielectric constant as
well as lower specific bulk electrical resistance of the rGO-ZnO
composite are associated with the physical properties of rGO
(=2600 W/(mK), ¢=1130 (v=50 Hz), p=1.410% Ohm-cm) [8,
16, 17], Maxwell-Wagner—Sillars interfacial polarization [16, 18,
19] and formation of the microcapacitor structures [16, 18, 19].
The dielectric permittivity of water at room temperature is of about
80 [20]. It is much higher than the dielectric constants of silicone
oil (¢ =2.5) [21] or zinc oxide (¢ =8.5) [22]; so, even a small amount
of water in the composite can significantly affect its characteristics.
Therefore, it is also necessary to take into account that water could
be adsorbed onto the powders surface in the process of composites’
manufacturing.

4. CONCLUSIONS

In summary, the coefficients of thermal conductivity of the compo-
site materials based on the ZnO or ZnO with rGO (0.5 vol.%) pow-
ders dispersed in the polymethylsiloxane were determined by radial
heat-flow method. They were found to be equal to 1.2 W/(m-K) and
7.5 W/(m-K), respectively. The difference in electrophysical proper-
ties of ZnO/polymethylsiloxane and rGO-ZnO/polymethylsiloxane
composites is explained by the Maxwell-Wagner—Sillars interfacial
polarization, microcapacitor structures and by the impact of re-
duced graphene oxide. The high performance of rGO—-ZnO composite
synthesized by a simple and facile process in this work shows prom-
ising potential in thermal control of the electronic devices.
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