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Nanofluids as a quite new group of nanomaterials are very promising. A great potential of nanofluids was
noted in second half of twentieth century and it was related with high increase of thermal conductivity. The most
favourable effects of using nanofluids can be achieved in heat transfer systems, but also in other branch of industry
like car, energy, and mining industry, even biomedicine industry. This paper presents results of experimental inves-
tigation of electrical conductivity of nanosuspension containing indium oxide nanoparticles dispersed in ethylene
glycol. Five samples with volume fraction in the range 0.0016-0.0081 were prepared using two-step method. After
preparation, all samples were impatiently investigated in controlled temperatures in the range from 298.15 K to
333.15 K. Measurement were conducted using conductivity meter MultiLine 3630 working with conductivity probe
LR925/01 (WTW GmbH, Weilheim, Germany). Obtained results indicate that changes in volume concentration
and temperature have strong impact on electrical conductivity of InoO3—EG nanofluids.
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1. Introduction

Last twenty years brought a lot of new advanced ma-
terials including polymers, composites, and nanomate-
rials with many potential applications. Some of these
materials are nanofluids, defined as suspensions of solid
particles with nanometric size at least in one dimension
in base fluid. The most commonly used base fluids are
ethylene glycol, water, and oils (both synthetic and nat-
ural). These types of fluids are preferred by researchers,
because of the universality of their application in many
technological solutions. Modification of base fluids by
nanoparticles change their physical properties. From the
point of view of practical applications the key parame-
ters are thermal conductivity and viscosity. Since the
discovery of the nanofluids, many papers on their ther-
mal properties have been published up to now. Wide
overview of these papers can be found in a few review pa-
pers [1-3]. Generally, addition of nanoparticles to base
fluids causes improvement in thermal conductivity, but
also has negative effect on other properties such as vis-
cosity, which is equally important in context of practi-
cal use of nanofluids. Rheological properties of this type
of fluids are also intensively investigated by researchers.
Many review papers [3, 4] were published where au-
thors present comparison of rheological properties of var-
ious types of nanofluids. Another type of properties of
nanofluids, which are poorly studied by researchers are
electrical conductivity [5, 6], optical properties [7], break-
down voltage [8, 9], dielectric properties [10], and surface
tension [11].
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This paper focuses on electrical properties of ethylene
glycol (EG) based nanofluids containing indium oxide
(In2O3) nanoparticles.

2. Materials and methods

2.1. Materials and sample preparation

For preparation of nanosuspensions of indium oxide
in ethylene glycol commercially available nanoparticles
were used. According to the manufacturer, PlasmaChem
GmbH (Berlin, Germany), the average particle size of
InyO3 nanopowder is 4 nm, and it was confirmed by A
JEOL JSM-6700F (JEOL, Tokyo, Japan) field emission
scanning electron microscope (SEM) investigation as pre-
sented in Fig. 1. SEM pictures show that nanoparticles
show tendency to agglomerate.

SEI 150KV X350,000 10nm WD 3.0mm

Fig. 1. SEM image of dry InoO3 nanoparticles.
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Five samples with volume fraction (¢,) from 0.0016
to 0.0081 were prepared using two-step method. Frac-
tion higher than 0.0081 (5% by mass) exhibit significant
increase in viscosity, which is not favourable from the
viewpoint of practical application.

First, necessary amount of nanoparticles and ethy-
lene glycol was weighted using analytical balance (WAS
220/X, Radwag, Radom, Poland), then mixed for 30 min
using Genius 3 Vortex (IKA, Staufen, Germany). In the
last step of preparation, samples were treated by ultra-
sounds in water bath Emmi 60 HC (EMAG, Moerfelden-
Walldorf, Germany) for 200 min.

2.2. Measuring method

Electrical conductivity (o) of InpO3-~EG nanosuspen-
sion was measured by conductivity meter MultiLine 3630
working with LR 925/01 conductivity probe (WTW
GmbH, Weilheim, Germany) in the range of 0.01-
200 pS em~! with 0.01 #Scm™! resolution and accuracy
better than 1% for values over 1 uS cm~! which was con-
firmed in previous paper [12]. Conductivity meter with
this configuration allows to measure simultaneously both
electrical conductivity and temperature. Temperature
was changed in the range from 298.15 K to 333.15 K with
5 K step, and accuracy of 0.2 K. To control temperature
of sample the self made chamber connected with ther-
mostat circulator Hanon FCL6-20 (Hanon Instruments,
Jinan, China) was employed.

3. Results and discussion

Experimental results of electrical conductivity and its
enhancement of In,O3-EG nanofluids for five samples
with various volume fraction of nanoparticles in base fluid
and pure base fluid were presented in Figs. 2 and 3 and
summarized in Table I.

Based on these data it might be noted that both mass
fraction and temperature have significant impact on elec-
trical properties of InpO3—EG nanofluids, however, it
should be noted that volume fraction effect is higher and
more visible than temperature, which is shown in Fig. 4.

Increase in volume fraction of nanoparticles in ethylene
glycol up to 0.0081 causes increase in electrical conduc-
tivity enhancement for all tested temperatures.

The highest increase in electrical conductivity for
In,O3-EG nanofluids was achieved for 0.0081 vol.% at
temperature of 333.15 K and it was 272 times higher than
that in case of pure ethylene glycol at 298.15 K. Enhance-
ment in electrical conductivity for indium oxide nanoflu-
ids with 1% volume concentration and various content of
PVP as surfactant was also reported by Latha et al. [13].
They observed increase in electrical conductivity with in-
creasing content of polymer (PVP) at room temperature.
As revealed by Ganguly et al. [14], increase in electrical
conductivity in nanofluids can be related with creating
electrical double layer around nanoparticles, which can
help in the transport of electric charge carriers.
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Dependence of electrical conductivity enhance-
ment of InaO3-EG nanofluids on temperature and
volume fraction.
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TABLE I
Electrical conductivity and their enhancement of InpO3-EG nanofluids for various volume fractions and temperatures.
Temperature
e 11 e T 555 15k T 308.15K | s08.15K [ 313.15K | 318.15K | 323.15K | 328.15K | 333.15K
Electrical conductivity [4S cm™]
0.00 0.0000 0.38 0.58 0.67 0.74 0.86 0.99 1.15 1.32
0.01 0.0016 9.86 12.15 14.89 17.77 21.27 25.25 29.60 34.72
0.02 0.0031 18.11 22.14 26.82 31.61 37.49 43.74 51.50 59.93
0.03 0.0048 22.92 27.73 33.38 39.29 46.18 53.99 62.92 73.37
0.04 0.01 27.21 32.92 39.69 47.71 57.20 67.46 67.46 93.07
0.05 0.0081 34.35 41.35 49.69 57.80 67.55 78.54 90.32 104.47
Electrical conductivity enhancement [-]
0.00 0.0000 1.00 1.53 1.76 1.94 2.24 2.59 3.02 3.46
0.01 0.0016 25.76 31.74 38.90 46.43 55.58 65.96 77.34 90.71
0.02 0.0031 47.33 57.84 70.07 82.59 97.96 114.28 134.56 156.58
0.03 0.0048 59.88 72.45 87.22 102.66 120.67 141.07 164.39 191.71
0.04 0.0064 71.09 86.01 103.71 124.66 149.45 176.27 176.27 243.18
0.05 0.0081 89.76 108.03 129.83 151.02 176.48 205.20 235.99 272.97
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