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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 µm is found to be of 1.2 W/(mK). The thermal 
conductivity of the composite material on the base of ZnO and reduced 
graphene oxide is found to be of 7.5 W/(mK). 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. 

Теплопровідність композитних матеріялів на основі промислового мікро-
порошку ZnO з порошком/без порошку відновленого графенового оксиду 

(0,5 об.%), дисперґованого в поліметилсилоксані (силіконовій олії), ви-
мірювали методом радіяльного теплового потоку. Встановлено, що тепло-
провідність композитного матеріялу на основі промислового мікропоро-
шку ZnO із середнім розміром частинок у 50 мкм становить 1,2 Вт/(мК). 
Теплопровідність композитного матеріялу на основі ZnO та відновленого 

графенового оксиду склала 7,5 Вт/(мK). За кімнатної температури одер-
жано значення діелектричної проникности на частотах вимірювального 

електричного поля у 50 Гц і 1 МГц та питомого об’ємного електричного 
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опору для композитів. Великі значення теплопровідности та діелектрич-
ної проникности, а також менший питомий об’ємний електричний опір 

композиту відновленого графенового оксиду–ZnO пов’язані із внеском 

відновленого графенового оксиду, міжфазною поляризацією Максвелла–
Ваґнера–Сілларса та формуванням мікроконденсаторних структур. Не-
обхідно також враховувати, що в процесі виготовлення композитів на по-
верхні порошків може адсорбуватися вода. Висока продуктивність відно-
вленого композиту графенів оксид–ZnO, синтезованого простим і легким 

процесом у цій роботі, демонструє перспективність у тепловому контролі 

електронних пристроїв. 

Key words: reduced graphene oxide, zinc oxide, composites, thermal con-
ductivity, dielectric constant, specific bulk electrical resistance. 
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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 
[5]. The coefficient of thermal conductivity of graphene is varied 
within the range between 1500 W/(mK) and 5800 W/(mK) 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/(mK) 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 µm (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 rGO powder. 
 At room temperature, the obtained values of the dielectric per-
mittivity  at the frequencies of electric measuring field 50 Hz 
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or 1 MHz and specific bulk electrical resistance  (50 Hz) for 
the two composites are given in Table. 
 The coefficients of thermal conductivity  of the investigated 
composites were calculated based on the following relation [11]: 
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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); r1 and r2 
are the inner and outer radii of the cylindrical composite layer; T1 
and T2 are the temperatures of the internal and external surfaces of 
the composite layers; l 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 µm without/with rGO 
calculated according to Eq. (1) were found to be equal to 1.2 
W/(mK) and 7.5 W/(mK), respectively. The relative measurement 
error did not exceed 10%. 
 The thermal conductivity of the polymethylsiloxane is known to 
be equal 0.15 W/(mK) 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/(mK) up to 120 
W/(mK) and depends on the manufacturing technology and pro-
cessing of the samples. 

 

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: 1—
composite based on ZnO and polymethylsiloxane; 2—composite based on 
ZnO, rGO and polymethylsiloxane. 
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 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 (50 Hz), 1.410

2 Ohmcm) [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/(mK) and 
7.5 W/(mK), 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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