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Abstract
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The use of nanoparticles in electrospinning has gained great attention in recent years, due to nanoparticle characteristics, namely their high surface area to volume ratio [1]. Magnesium oxide nanoparticles (MgO NPs) and copper oxide nanoparticles (CuO NPs) are known for their antimicrobial properties, thermal and electric ability, and are extensively used in several fields, including biomedical, environmental remediation, energy storage, catalysis, among others [2,3]. Since electrospinning uses an electrical field to stretch the polymeric solution into the collector, the nanoparticle’s conductivity and their electrical charges might lead to particle agglomeration [4]. In fact, the agglomeration of the nanoparticles induces beads and non-continuous fibers formation, compromising the electrospun mesh morphology, and their performance. To overcome the aforementioned drawbacks, magnetic stirring is commonly used to disperse the nanoparticles into the solution, although this does not prevent the particle’s agglomeration. Another methodology used includes the nanoparticle’s dispersion by ultra-sounds, although only a few works are describing its use and the dispersion depends on several parameters, such as amplitude (ꓮ; µm), frequency (ƒ; Hz), and power (P; W).



In this work, two different methodologies were tested to disperse efficiently the nanoparticles to obtain beads-free polycaprolactone (PCL)/MgO/CuO electrospun fibers using the processing parameters of the control condition, specifically: 15 kV; 0.8 mL/h; and 15 cm. The first methodology consists on nanoparticle dispersion into a polymeric solution using an ultrasound bath for 90 min. The second methodology uses a sonication probe for 45 min (A = 80%, ƒ = 26.18 kHz, and P = 50 W) after the ultrasound bath (Figure 1). The fiber’s morphology was assessed by Scanning Electron Microscope (SEM) and the particle’s distribution through energy-dispersive X-ray spectroscopy (EDX). Moreover, the mechanical and thermal stability of electrospun fibers were investigated to understand the impact that particle dispersion has on the structure’s stability and, thus, in their performance, depending on the final application. The second methodology revealed better results allowing the obtaining of homogenous fibers, well-dispersed nanoparticles, and a lower number of beads, resulting in the highest tensile strength and improved thermal stability. This may be attributed to acoustic cavitation, which results in the formation, growth, and collapse of microbubbles in liquids, de-aggregating the nanoparticles [5]. The results obtained demonstrated that the sequential methodology (ultrasound bath followed by sonication probe) prior to electrospun PCL/MgO/CuO reduces the agglomeration of the nanoparticles improving the electrospun fiber’s properties.
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Figure 1. Comparison of the two different methodologies to disperse the metallic nanoparticles into the PCL solution, and the influence of these factors on the morphology of the fibers produced. 
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