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Emulsions are systems formed by drops of one liquid phase, suspended in another continuum phase
immiscible to the dispersed phase. Emulsions are of great interest in food, cosmetics, and drug delivery,
due to their ability to encapsulate and store molecules of biological interest inside the suspended drops.
As emulsions are metastable systems, their lifetime depends upon factors as the bulk viscosity,
interfacial tension and elasticity between phases and interfacial viscosity; size of drops and densities
are also important [1]. Despite the numerous applications which emulsions have, the mechanisms of
destabilization are still poorly understood. Therefore, development of new ways of characterization is
required.

Photothermal techniques have been used successfully for the study of nanofluids, conformed by solid
nanoparticles suspended in a liquid matrix [2]. In particular, the thermal wave resonant cavity (TWRC)
technique together with the use of mathematical effective media thermal models has proven to be a
good approach for the study of thermal transport across these colloidal systems. In this work, we
propose the use of the (TWRC) technique for characterization of emulsions with different drop sizes
and volume fractions of the dispersed phase.

The emulsions were prepared using olive oil as the organic phase and a solution of deionized water
containing 200 mM of sodium dodecyl sulfate (SDS) anionic surfactant as the aqueous phase. The
emulsification was reached, first by stirring at 200 rpm with a drip between 3 s to 5 s, then it is mixed
at 300 rpm during 30 min at room temperature to do the drop size homogeneous [3]. Fresh emulsions
were observed after the emulsion formation under bright field optical microscopy. The mean diameter
of the emulsion drops was obtained using the image processing software ImageJ.

The thermal wave resonator cavity (TWRC) is a technique to determine thermal properties of fluid
samples. This technique is based on the study of the thermal wave behavior, which is generated by a
modulated laser beam, and is propagated through the material and monitored with a sensor [4]. Using
the heat diffusion equation, it is possible determine the thermal properties of the fluids based in the
thickness of the samples.

Fig. 1 shows the water/oil emulsions obtained by stirring. On left side it shows the emulsions of two
volume fractions of oil and on the right side are observed the emulsion drops using an optical
microscope.
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Fig. 1. Left: emulsion of water in oil at different oil volume fractions. Right: emulsion under bright field microscopy. Scale
bar is 100 pm

Results for thermal diffusivity are shown in table 1. It shows thermal diffusivity of continuum phase
fluid of SDS and olive oil. Effective thermal conductivity models are used to analyse the behaviour of
the emulsion as the concentration is change.

Table 1. Thermal diffusivity of the phase fluid SDS and oil.

. Thermal
Fluid diffusivity [m? ']
SDS 1.350
Olive Oil 0.884

References

[1]J. Sjoblom, P. Stenius, S. Simon, B.A. Grimes. Emulsion Stabilization. In: Tadros T. (eds) Encyclopedia of
Colloid and Interface Sci. Springer, Berlin, Heidelberg (2013). https://doi.org/10.1007/978-3-642-20665-8 83.

[2] R.A. Medina-Esquivel, C. Vales-Pinzon, G. Quifiones-Weiss, M.A. Zambrano-Arjona, J.A. Mendez-Gamboa,
C. Cab, J. J. Alvarado-Gil, Thermal conductivity of a diamond magnetite composite fluid under the effect of a
uniform magnetic field, Diamond and Related Materials, 53 (2015) 45-51.
https://doi.org/10.1016/j.diamond.2015.01.008.

[3] M.C. Vlachou, K.A. Zacharias, M. Kostoglou, T.D. Karapantsios, Droplet size distributions derived from
evolution of oil fraction during phase separation of oil-in-water emulsions tracked by electrical impedance
spectroscopy, Colloids and Surfaces A: Physicochemical and Engineering Aspects, 586 (2020) 124292,
https://doi.org/10.1016/j.colsurfa.2019.124292.

[4] J.A. Balderas-Lopez, A. Mandelis, J.A. Garcia, Thermal-wave resonator cavity design and measurements of
the thermal diffusivity of liquids, Review of Scientific Instruments, 71:7 (2000) 2933-2937.
https://doi.org/10.1063/1.1150713.



