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Abstract: In this study, poly(lactic acid) (PLA) blended with different natural waxes (beeswax, 12
cocoa, carnauba, and candelilla) were investigated. Different wax amounts, 3 wt%, 5 wt%, 10 wt%, 13
and 15 wt %, were incorporated into the PLA in a Brabender internal mixer. The blends were 14
characterized by thermogravimetric analysis (TGA), differential scanning calorimetry (DSC), 15
rotational rheometer (RR), and dynamic mechanical analysis (DMA) to observe the effect of de 16
different waxes on the PLA physicochemical, rheological, and mechanical behavior. The complex 17
viscosity of the blends was studied by employing a RR. The effect of the addition of the waxes on 18
the mechanical properties of PLA was evaluated by DMA in the tension modality. The results 19
showed that the addition of the waxes tends to slightly decrement the thermal stability of PLA with 20
the addition of any type of wax. However, in the case of the mechanical properties, the cacao wax 21
showed a considerable effect, especially in the elongation at break of PLA. 22
Citation: Mendoza-Duarte, M.E.;
Estrada-Moreno, LA.; Lépez- Keywords: PLA, natural waxes, mechanical properties, rheological, thermal. 23
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RSOOSR TR 1. Introduction 25
Polymers 2022, 14, x.
https://doi.org/10.3390/0000x The increase in demand for disposable items has caused countless ecological 26
problems due to high pollution and their difficulty in being recycled. Therefore, 2
Aol Jiesmt biodegradability is an essential factor to consider in the design of polymeric materials 28
e with only one use, for example, packaging for the food industry. Innovation is 29
Received: date fundamental for the development of raw materials that exhibit unique characteristics in 30
Accepted: date biodegradation, mechanical and thermal properties, to name a few. For example, 31
Published: date polylactic acid (PLA) is a hydrophobic, aliphatic, biodegradable polyester produced by 32
Publisher’s Note: MDPI stays the polymerization of lactic acid molecules [1-3]. However, the final mechanical 33
neutral with regard to jurisdictional  PTOPerties of this polymer are generally deficient. A solution to produce biodegradable 34
claims in published maps and  Materials with suitable mechanical properties is the generation of polymer mixtures. In 35
institutional affiliations. particular, mixing PLA with naturally sourced plasticizing agents improves polymer 36
flexibility and processing [4]. Therefore, the development of biodegradable polymer 37
mixtures with plasticizers from natural sources is a solution to this problem. 38
Copyright: © 2022 by the authors. [t is reasonable that the plasticizing agent used in the mixture with biopolymers is 39
Submitted for possible open access  Preferably biodegradable, for example, natural waxes. Waxes are nonpolar lipids; 40
publication under the terms and  therefore, they are insoluble in water and are highly hydrophobic when dissolved in 41
conditions of the Creative Commons  typical organic solvents [5]. These substances are characterized by being a class of 42
Atribution  (CC BY) license  lipophilic components from plants, insects, animal skin, or mineral origin. Beeswax isan 43
(https://creativecommons.org/license  example and is the result of a metabolic process of bees. In addition, candelilla wax comes 44

s/by/4.0/).
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