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Nanofluids are suspensions formed by a liquid matrix, containing nanoparticles as a dispersed phase.
There is a high interest in the study of the thermal properties of nanofluids due to their applications in
the thermal energy storage or heat dissipation of electronic devices. To enhance and control the thermal
properties of the nanofluids, nanoparticles like alumina, diamond, silver, gold, among others have been
used [1]. It is known that the thermal conductivity of nanofluids depends upon the concentration and
the collective aggregation of nanoparticles, even though, several factors remain misunderstood, such as
the effect of size and porosity of nanoparticles. In this work, we used the thermal wave resonator cavity
(TWRC) technique to obtain the thermal diffusivity of nanofluids loaded with cerium oxide mesoporous
nanoparticles [2,3]. We also used mathematical effective thermal models to study the effect of these
parameters.

Mesoporous cerium oxide nanoparticles were synthesized by the sol-gel method with a soft
hydrothermal treatment. In a typical sample preparation, two solutions were prepared, the first one was
obtained by dissolving 0.05 mol cerium chloride heptahydrated and 0.02 milimol of Pluronic F127 in 5
grs of distilled water (S1). The second solution was obtained by dissolving 0.04 mol sodium hydroxide
in 4 grs of distilled water (S2). Later the two solutions were mixed, S2 was added slowly to S1, which
was kept under constant stirring at 350 rpm at room temperature while S2 was added. Once S2 was
added to S1, the xerogel obtained was stirred around 60 rpm for 24 h inside closed flask with cap at
room temperature. The molar ratio was precursor: surfactant: NaOH: H20 = 1: 0.004: 8: 100.
Subsequently, the xerogel was hydrothermally treated in static condition at 80 °C, for 24 h. After
hydrothermal treatment, the sample was washed with distilled water and centrifuged. Finally, the
resulting material was dried at 80 °C for 24 h. The powders were calcinated at 560 °C for 1 h to eliminate
organic waste. Critical synthesis parameters such us amount of alkaline material, surfactant,
temperatures of synthesis and hydrothermal treatment were changed in order to get better surface area
and mesoporosity in samples.

The TWRC technique was used to determine the thermal diffusivity of the nanoparticle suspensions as
is described in reference [4]. In this technique, the liquid sample is heated at a fixed frequency by a
modulated laser diode. The signal of the modulated laser is driven by a Lock-in amplifier. The
temperature changes are detected by a pyroelectric sensor that is connected to a lock-in amplifier, used
to read the amplitude and phase of the signal as the length of the cavity varies. Under the thermally
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thick regime, it is possible to estimate the complex voltage of the pyroelectric sensor, as was measured
by the Lock-in amplifier, using the following equation [5]:

V(L a,f) = F(f)e LttD/ymfa Eqn. 1
where F(f) is a transfer function that depends on the modulation frequency of the thermal wave.

Plots of In(voltage) and phase versus length can be obtained. From Eqn. 1, the amplitude is In|V| =
Cy — \/WL and the phaseis ¢ = C, — \/WL, both equations follow a linear behaviour. Therefore,
from the slopes my, and m, of the experimental data, the thermal diffusivity of the samples is
determined by

a=n—];anda=n—]2c Eqn. 2
mé m2
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