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Abstract

In this work, some properties of CuO nanofluids in
distilled water and ethylene glycol base fluid were
studied, comparing the stability of the nanofluid in
samples with and without surfactant and measuring
the electrical conductivity as a function of temperature
and concentration.

Introduction

The dielectric properties of nanofluids based on water
and ethylene glycol, of great relevance for several
applications, have been studied by some researchers
[1-5]. Some models used in estimating electrical
properties describe equations that consider various
factors such as volume concentration, nanoparticles
shape, among others [1,5,6].

In this study, nanofluids were prepared by the two-
step method, in 50 ml samples, with 40 nm CuO
nanoparticles, supplied by MK-Nano, with 99% purity
and 6.32 g/cm?® density and distiled water and
ethylene glycol base fluid, provided by Fisher
Scientific, with 99% purity and 1.13 g/cm?® density.
Five volume concentrations from 0.1% to 0.5% were
considered. The nanoparticles were weighed on a
KERN ALJ analytical balance, model 220-4 NM, were
gradually added to the base fluid placed in a flask and
homogenized in an Eco Stir magnetic stirrer, model
MS7-S. Subsequently, the sample was taken to a
BANDELIN SONOPULS ultrasonic homogenizer,
model HD2200, with a TT 13 titanium tip.

The electrical conductivity of the nanofluids was
obtained from measurements performed with a
HANNA Instruments conductivity meter, model Hl
2550.

Studies have shown that the charge of the
nanoparticles, the interaction between them and the
dispersant directly affect the stability of the
suspension [7,8]. To verify the improved stability of
the nanofluid and the change in electrical conductivity
behavior, samples of nanofluids were also prepared
with distilled water and CTAB cationic surfactant,
supplied by the company PanReac AppliChem.

Discussion and Results

The electrical conductivity was evaluated as a
function of the concentration of nanoparticles,
expressed as a percentage of sample volume and as
a function of the temperature increase for the interval
between 298,15 to 328,15 K, with increments of 5 K.
The results obtained for CuO and distilled water
based nanofluids show that there is an almost linear
increase in electrical conductivity with increasing
temperature and that for the same temperature,
electrical conductivity increases with increasing
concentration. This evidence can be explained by
several mechanisms proposed by different authors,
nonetheless the most explain this phenomenon
mainly by the formation of the electrical double layer
[2, 6, 9, 10]. An analogous electrical conductivity
study was carried out for the CuO and ethylene glycol
based nanofluids, considering the same ranges of
concentration and temperature. In this case, the
results show that there is an increase in electrical
conductivity with increasing temperature of the
nanofluid with ethylene glycol base fluid, as
happened with distilled water, however, this variation
is not so linear. In the same way, it is verified that for
the same temperature, the electrical conductivity
increases with the increase of the concentration of
nanoparticles.

When comparing the results obtained between the
different nanofluids, it was verified that there is a more
accentuated growth of the electrical conductivity of
nanofluids with fluid based on demineralized water.
Thus, it is possible to reach the conclusion that the
electrical conductivity is strongly influenced by the
base fluid, especially regarding to its polarity [1,6].
Regarding the stability of the nanofluids, it was found
that the samples prepared with ethylene glycol base
fluid were more stable over time, showing less
deposition of nanoparticles. For this reason, only
surfactant was used in nanofluids based on distilled
water. The results obtained allow us to understand
that the use of surfactant increases the stability and
useful life of the samples but that it changes their
properties, namely the electrical conductivity of the
nanofluids, where there was a huge increase in the
conductivity values.

Conclusions

The stability of nanoparticles is a crucial factor in the
behavior of nanofluids, affecting the properties that
make them so unique and much sought after for
biomedical applications in order to harness the
antibacterial power of CuO. [11]. In this study it was
possible to prove that the electrical conductivity of
nanofluids increases with the concentration of
nanoparticles and with temperature and that
nanofluids based on distilled water have higher
electrical conductivity than nanofluids with ethylene
glycol base fluid. It was found that the use of the
CTAB surfactant leads to improvements in the
stability of the nanofluid but that it significantly alters
its electrical conductivity increasing significantly.



NanoBio&Med2024 November 05-07, 2024 - Barcelona (Spain)

References

[1] M. F. Coelho, M. A. Rivas, G. Vildo, E. M.
Nogueira, and T. P. Iglesias, J. Chem.
Thermodyn., vol. 132 (2019) pp. 164-173.

[2] S. Ganguly, S. Sikdar, and S. Basu, Powder
Technol., vol. 196, no. 3, (2009) pp. 326—330.

[3] R. Taheri, Int. J. Nano Dimens., vol. 6 (2015) pp.
77-81.

[4] K. G. K. Sarojini, S. V Manoj, P. K. Singh, T.
Pradeep, and S. K. Das, Colloids Surfaces A
Physicochem. Eng. Asp., vol. 417 (2013), pp.
39-46.

[5] M.F.Coelho, M.A. Rivas, G. Vildo, E.M.
Nogueira, T. P. glésias, J. Chem.
Thermodynamics, 158, (2021).

[6] A. A. Minea, Nanomaterials, vol. 9, no. 11
(2019).

[71 X.F.Li D.S. Zhu, X. J. Wang, N. Wang, J. W.
Gao, and H. Li, Thermochim. Acta, vol. 469, no.
1 (2008) pp. 98-103.

[8] X.Li, D. Zhu, and X. Wang, J. Colloid Interface
Sci., vol. 310, no. 2 (2007) pp. 456-463.

[91 M. E. Grigore, E. R. Biscu, A. M. Holban, M. C.
Gestal, and A. M. Grumezescu,
Pharmaceuticals (Basel)., vol. 9, no. 4 (2016).

[10] R. C. D. Cruz, J. Reinshagen, R. Oberacker, A.
M. Segadaes, and M. J. Hoffmann, J. Colloid
Interface Sci., vol. 286, no. 2 (2005) pp. 579-
588.

[11] E. Dauvergne and C. Mullié, Antibiotics, vol. 10,
no. 3. MDPI AG (2021) p. 286.

Acknowledgements

A. Q. and T. P. I. acknowledge European Union
project H2020-MSCA-RISE-2019 PEPSA-MATE
(project number 872233). This work has been
partially supported by the Portuguese Foundation for
Science and Technology (FCT), through grants
UIDB/04730/2020 and UIDP/04730/2020.




