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d Departamento de Sistemas y Recursos Naturales, Escuela Técnica Superior de Ingeniería de Montes, Forestal y del Medio Natural, Universidad Politécnica de Madrid, 
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A B S T R A C T   

The use of biopolymers like poly(lactic acid) (PLA) doped with natural and harmless active agents in industrial, 
medical and food packaging applications is of great interest due to the multitude of property enhancements 
included. External factors, such as UV exposure, can accelerate the degradation process of these biomaterials and 
cause changes in structural and mechanical properties of medical or industrial devices. In this research, PLA- 
based composites with different degrees of crystallinity are fabricated using magnesium (Mg) particles and 
quercetin (Qr) as doping agents, providing new biomaterials with different responses against an UV-C radiation 
source. Physical surface changes are studied by atomic force microscopy (AFM), goniometry and scanning 
electron microscopy (SEM). Chemical modifications are evaluated by Fourier transform infrared spectroscopy 
(FTIR), X-ray photoelectron spectroscopy (XPS) and X-ray diffraction (XRD). Thermal response is studied by 
differential scanning calorimetry (DSC). PLA crystallinity is crucial in the polymer response to UV radiation. 
Under irradiation Mg particles cause a catalytic effect that enhances the degradation by hydrolysis of PLA chains. 
However, when Qr is present this effect is inhibited, making the Qr/Mg combination an ideal enrichment to 
protect the polymer from chemical photooxidation, while improving the surface mechanical properties of the 
new biocomposite.   

1. Introduction 

The physical and chemical properties of any material are decisive in 
its interaction with the environment and, in turn, any change in the 
surrounding medium can alter the chemical composition and the phys
ical characteristics, such as surface free energy or elasticity. A compre
hension of these changes is crucial for accurately predicting the 
behaviour of the material during its lifetime. In this context, one of the 
environmental factors that must be considered in the design of any 
material is ultraviolet light. This kind of radiation is widely used in 
different sterilization protocols for surgical materials, in food industry, 
in wastewater treatment and it is always present in materials exposed to 
the outside, as in the case of materials for agriculture, construction or 
automobile industry [1–9]. 

In all of those sectors, plastic-based materials are continuously 

selected for the implementation of different products. Plastics are ideal 
not only because of their advantages over other materials, such as 
metals, in terms of manufacturing versatility, but also due to the eco
nomic costs derived from their production. In particular, the consider
able drop in the cost of producing polluting plastics has driven their use 
to the point of overexploiting their mass production for disposable 
packaging. Some of these polymers require hundreds of years to degrade 
completely. Therefore, this situation, together with the reduction of oil 
reserves, has encouraged significant research into the development of 
biopolymers obtained from renewable sources. The biodegradability 
properties of these materials make them particularly attractive in the 
biomedical industry (e.g. in controlled drug release systems) and in 
agro-food industry [10–14]. Current research is also focused on the 
development of suitable multifunctional composite materials, with a 
polymeric background, which combine all the advantages and overlap 
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J.M. Casares-López et al.                                                                                                                                                                                                                      

https://doi.org/10.1002/app.48023
https://doi.org/10.1016/j.scitotenv.2022.158921
https://doi.org/10.3390/polym13244289
https://doi.org/10.3390/coatings9120814
https://doi.org/10.3390/coatings9120814
https://doi.org/10.1177/039139880502801110
https://doi.org/10.1177/039139880502801110
https://doi.org/10.13140/RG.2.1.4463.8246
https://doi.org/10.13140/RG.2.1.4463.8246
http://refhub.elsevier.com/S0169-4332(23)02910-0/h0430
https://doi.org/10.1088/0957-4484/24/5/055102
https://doi.org/10.1088/0957-4484/24/5/055102
https://doi.org/10.1103/PhysRevE.72.021914
http://refhub.elsevier.com/S0169-4332(23)02910-0/h0445
http://refhub.elsevier.com/S0169-4332(23)02910-0/h0445
http://refhub.elsevier.com/S0169-4332(23)02910-0/h0450
http://refhub.elsevier.com/S0169-4332(23)02910-0/h0450
https://doi.org/10.1016/j.polymer.2005.03.116
https://doi.org/10.1016/j.addr.2016.06.012
https://doi.org/10.1016/j.addr.2016.06.012
https://doi.org/10.1007/s11043-019-09429-w
https://doi.org/10.1016/j.jmbbm.2016.09.013
https://doi.org/10.1016/j.bioMaterials2015.01.060
https://doi.org/10.1016/j.bioMaterials2015.01.060
https://doi.org/10.1016/j.compositesb.2018.10.106
https://doi.org/10.1016/j.jcis.2007.11.060
https://doi.org/10.1016/j.surfrep.2014.09.001
http://refhub.elsevier.com/S0169-4332(23)02910-0/h0505
http://refhub.elsevier.com/S0169-4332(23)02910-0/h0505
https://doi.org/10.1680/jsuin.19.00007
https://doi.org/10.1016/j.polymdegradstab.2010.12.023
https://doi.org/10.3390/polym6010093
https://doi.org/10.3390/pharmaceutics15030805
https://doi.org/10.3390/pharmaceutics15030805
https://doi.org/10.4028/www.scientific.net/MSF.752.241
https://doi.org/10.4028/www.scientific.net/MSF.752.241
https://doi.org/10.3390/molecules27227877
https://doi.org/10.3390/molecules27227877
https://doi.org/10.1016/j.polymertesting.2021.107097
https://doi.org/10.1021/bm1006773
https://doi.org/10.3390/ma12050719
https://doi.org/10.1016/j.colsurfb.2010.06.002
https://doi.org/10.1016/j.colsurfb.2010.06.002
https://doi.org/10.3390/pharmaceutics13070957
https://doi.org/10.3390/pharmaceutics13070957
https://doi.org/10.33263/BRIAC111.78907902
https://doi.org/10.3390/molecules28062713
https://doi.org/10.3390/molecules28062713
https://doi.org/10.31989/ffs.v3i3.1076
https://doi.org/10.31989/ffs.v3i3.1076
https://doi.org/10.3390/polym11121999
https://doi.org/10.3390/polym11121999
https://doi.org/10.1016/j.eurpolymj.2017.09.038
https://doi.org/10.1016/j.eurpolymj.2017.09.038
https://doi.org/10.3390/molecules26164811
https://doi.org/10.3390/molecules26164811
https://doi.org/10.3390/polym13111677
https://doi.org/10.3390/polym13111677
https://doi.org/10.1016/j.matdes.2019.107801
https://doi.org/10.1002/app.24692
https://doi.org/10.1016/j.colsurfb.2011.07.016
https://doi.org/10.1021/acsbioMaterials9b00254
https://doi.org/10.1021/acsbioMaterials9b00254
http://refhub.elsevier.com/S0169-4332(23)02910-0/h0625
http://refhub.elsevier.com/S0169-4332(23)02910-0/h0625
https://doi.org/10.5604/01.3001.0013.7308
https://doi.org/10.5604/01.3001.0013.7308

	Design of an UV-C shielded biopolymer based on a poly(lactic acid)/quercetin/magnesium composite
	1 Introduction


