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The thermal conductivity of the composite materials based on the com-
mercial ZnO micropowder with reduced graphene oxide (1 vol.%) powder
dispersed in the polymethylsiloxane (silicone oil) is measured using the
radial heat-flow method. The thermal conductivity of the composite mate-
rial based on the commercial ZnO micropowder with an average particle
size of 50 ym and reduced graphene oxide is found to be 9.4 W/(m'K). At
room temperature, the values of the dielectric permittivity at the measur-
ing electric-field frequencies of 50 Hz and 1 MHz and the specific volume
electrical resistance for the composite are obtained. An increase in the
values of both the coefficient of thermal conductivity and the dielectric
constant as well as a decrease in the specific volume electrical resistance
due to a change in the volume fraction of reduced graphene oxide in the
composite from 0.5 vol.% up to 1 vol.% are recorded.

MeTomoM pPamifsJbHOTO TEIJIOBOI'O IIOTOKY BUMIpIOBAJIM TeIJIONIPOBiAHICTH
KOMOO3HUIIIHHNX MaTepidajiB Ha OCHOBI KoMepIiifimoro Mmikpomopomiky ZnO 3
BimHOBJIEHMM HOpPOINIKOM OKcuny rpadeny (1 06.% ), mucmeproBaHoro y Io-
JiMmeruiacuiokcaHi (cuiaikoHoBa oJist). BecraHoBI€eHO, IO TEMJIONPOBiIAHICTH
KOMITO3HUITiHHOTO MAaTepisjay Ha OCHOBI KoMepIlifiHOro Mikpomopoiiky ZnO
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i3 cepenHiM posmipom uacTuHOK y 50 MKM i BimHOBIeHOTO OKcHUAY T'padeHy
cranoButh 9,4 Br/(Mm-K). 3a KiMHATHOI TeMmeparypu OAep:KaHO 3HAUEHHS
TieJeKTpUUYHOI NPOHMKHOCTH Ha YacTOTaX BUMIipPIOBAJILHOTO €JIeKTPUUYHOTO
mona y 50 I'm ra 1 MI'm i muTomMoro 06’€MHOTO €JIeKTPUUYHOTO OIOPY AJA
KoMnoo3uTy. Byio sadikcoBaHO 30iJbINIeHHA 3HAUeHb KoedillieHTa TeIJjomn-
poBiZHOCTM ¥ [dieIeKTPUUYHOI NPOHMKHOCTH Ta 3MEHIIeHHS IIUTOMOTO
006’€MHOT0 eJIeKTPOOIIOPY 3a PaxXyYHOK 3MiHM 00’€MHOI YacTKU BiJHOBJIEHOTO
okcuny rpadeny B kommosuTi Big 0,5 06.% mo 1 06.%.

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

There is a problem with effective heat removal from heat-
generating working elements of electronic devices, in particular
processors, chipsets, computer video accelerators, high-power LEDs
and lasers. If heat is not removed, this can lead not only to a signif-
icant deterioration in the performance of devices, but also to their
failure [1]. To remove heat from the heat-generating working ele-
ments of electronic devices, thermal greases are widely used, which
consist of a substance in a liquid state (for example, silicone oil,
polyol, etc.) and a wide variety of fillers-thickeners (for example,
Ag, SiO,, ZnO, BN, AIN, Al,0;, graphite, graphene, carbon nano-
tubes, diamonds, etc.) [2].

Graphene has a record value of the coefficient of thermal conduc-
tivity among all known materials [3]; that is why it has attracted
considerable scientific interest for its application in thermal man-
agement [1-7]. Graphene-containing commercial thermal greases are
already available. For example, ‘Baircool’, ‘Scythe Thermal Elixer
G’ and ‘Hi-G Thermal Grease’. The thermal conductivity coeffi-
cients of the above thermal greases are in the range from 4 to 11
W/(m-K), and their composition is a trade secret. On the other
hand, reduced graphene oxide (rGO) is more stable than graphene
[8]. The thermal conductivity of the rGO can reach 2600 W /(m-K)
and depends on the concentration of oxygen atoms in rGO [9]. In
addition, according to [10], silicone thermal greases with rGO and
hBN (hexagonal boron nitride) are promising.

In this work, in the continuation of our previous studies [3], we
investigated the effect of increasing the volume fraction of reduced
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graphene oxide from 0.5 vol.% to 1 vol.% on the specific volume
resistance, dielectric permittivity, and thermal conductivity of the
composite material based on ZnO, rGO, and polymethylsiloxane.

2. EXPERIMENT

The composite materials were produced by dispersing of ZnO mi-
cropowder with an average particle size of 50 pym (99.7%,
UKRZINC, Kyiv, Ukraine) with rGO powder (0.5 vol.% or 1 vol.%,
purchased from Sigma-Aldrich, Saint Louis, USA) in the polyme-
thylsiloxane PMS 1000 (silicone oil, purchased from Sfera Sim,
Lviv, Ukraine). The silicone oil and the fillers were taken in a vol-
ume ratio of 3:7. According 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 [3, 11].

The values of dielectric permittivity and specific volume electri-
cal resistance at room temperature and different frequencies of
measuring 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 1 and Figure 2 presents the time dependences of the proces-
sor operating temperature. They were measured starting from the
moment of turning on (Fig. 1)/off (Fig. 2) the stable load of the
computer, using different layers of composite material between the
surfaces of the processor and the copper heatsink used for heat dis-
sipation. It has been found that heat was removed much better
when using a composite with higher GO concentration.

At room temperature, the obtained values of the dielectric per-
mittivity € at the frequencies of electric measuring field v=50 Hz
or v=1 MHz and specific volume electrical resistance p (v=50 Hz)
for the two composites are given in Table.

The thermal-conductivity coefficient oo [W/(m-K)] of the compo-
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Fig. 1. The time dependences of the processor operating temperature,
measured starting from the moment of turning on the stable load of the
computer, using different layers of composite material between the surfac-
es of the processor and the copper heatsink used for heat dissipation: I—
composite based on ZnO, rGO (0.5 vol.%) and polymethylsiloxane; 2—
composite based on ZnO, rGO (1 vol.%) and polymethylsiloxane.
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Fig. 2. 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 material between the surfac-
es of the processor and the copper heatsink used for heat dissipation: I—
composite based on ZnO, rGO (0.5 vol.%) and polymethylsiloxane; 2—
composite based on ZnO, rGO (1 vol.%) and polymethylsiloxane.

sites is calculated on the basis of the following relation [3, 11]:

_ e In(n/n)
“ e on) W
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TABLE. Room-temperature electrophysical parameters of the studied ma-
terials.

Composite based on ZnO| Composite based on
Parameter and GO (0.5 vol.%) |ZnO and rGO (1 vol.%)
powders [3] powders

Specific volume electrical
resistance at frequency 8:10° 2.5:10°
of 50 Hz, Ohm-cm

Dielectric constant at

frequency of:

50 Hz 60 71
1 MHz 43 54

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

The value of the thermal conductivity of the composite materials
based on ZnO powders with a grain size of 50 pm with rGO (1
vol.%), calculated according to Eq. (1), was found to be equal to 9.4
W/(m-K). The relative measurement error did not exceed 10%.

An increase in the values of the coefficient of thermal conductiv-
ity and dielectric constant and a decrease in the specific volume re-
sistance due to a change in the volume fraction of reduced graphene
oxide in the composite from 0.5 vol.% up to 1 vol.% are associated
with the physical properties of rGO (o=2600 W/(m-K), ¢=1130
(v=50 Hz), p=1.4-102 Ohm-cm), the Maxwell-Wagnare—Sillars in-
terfacial polarization and more formation of the microcapacitor
structures [3].

4. CONCLUSIONS

In summary, the coefficients of thermal conductivity of the compo-
site material based on the ZnO with »GO (1 vol.%) powders dis-
persed in the polymethylsiloxane were determined by radial heat
flow method. It was found to be equal to 9.4 W/(m-K). The differ-
ences in the electrophysical properties of rGO (0.5 vol.% )—ZnO-
polymethylsiloxane and rGO (1 vol.% )—ZnO—-polymethylsiloxane
composites are explained by an increase in the Maxwell-Wagnare—
Sillars interfacial polarization, the concentration of microcapacitor
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structures and reduced graphene oxide. The high performance of
rGO-ZnO composite synthesized by a simple and facile process in
this work shows promising potential in thermal control of the elec-
tronic devices.
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