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The use of polymeric materials from renewable resources has a long history, with naturally occurring polymers being among the first materials used by men. In the 19th century, natural materials, such as casein, natural rubber, and cellulose, were modified to obtain useful polymeric materials. Over the past few decades, the production and application of synthetic polymers have seen an almost exponential increase. However, concerns regarding depletion of fossil resources, disposal and related issues, as well as government policies, have led to a continuously growing interest in the development of sustainable, safe, and environmentally friendly plastics from renewable resources [1,2].



Sustainable polymers from renewable resources can be obtained through chemical modification of natural polymers, such as starch, cellulose, or chitin [3,4].



Biobased polymers can also be synthesized through a two-step process from biomass (lignin, cellulose, starch, plant oils) [5,6,7].



Traditional (drop-in) monomers such as ethylene, 1,2-ethanediol, terephthalic acid, or novel monomers like lactide, 2,5-furandicarboxylic acid, 1,4-cyclohexane dicarboxylic acid, furfuryl alcohol, or isosorbide can be obtained through chemical or biochemical conversion [8,9]. All the above can then be polymerized to produce biobased plastics. Therefore, biopolyethylene (bio-PE), bio-poly(ethylene terephthalate) (bio-PET), new polymers such as poly(lactic acid) and poly(ethylene 2,5-furandicarboxylate) (PEF), and even thermosetting polymers can be synthesized from renewable monomers and are expected to play a key role in biobased economy in the near future [10,11].



Finally, polymer synthesis can be achieved in plants through photosynthesis using carbon dioxide (CO2) or by microorganisms, e.g., synthesis of poly(hydroxy-alkanoate)s [2]. CO2 is also used to synthesize nonisocyanate polyurethanes [12,13].



In general, there are four main strategies to arrive at polymers with tailored properties: (a) selection of the most appropriate monomers for homopolymer production; (b) copolymerization; (c) blending; and (d) use of fillers, fibers, and additives to obtain composites. Apart from the commercialization of the abovementioned biobased and recyclable, but nondegradable, homopolymers (PEF, bio-PE, bio-PET), the use of biodegradable polyesters, such as poly(lactic acid) (PLA), poly(β-hydroxybutyrate) (PHB), poly(butylene adipate) (PBA), poly(butylene succinate) (PBS), or poly(ε-caprolactone) is expected to expand in near future due to their favoring life cycle [14,15].



Biocomposites can be prepared by exploiting the characteristics of the above polymers as well as those of lignocellulose fibers or other biobased fillers. Other biomass-derived materials can also be elaborated for the modification of renewable or fossil-based polymers, e.g., internal plasticizers of polyvinylchloride (PVC).



Uses of polymeric materials from biomass include packaging applications, antimicrobial films, fibers, foams, or coatings production as well as applications in medicine and pharmaceutics [16]. Drug delivery systems, such as drug-loaded micro- or nanoparticles, are a topic of particular interest, considering applications of biodegradable and biocompatible polymers from biomass.



Contents of This Issue


In this issue, the recent developments in biobased polymers toward general and engineering applications are reviewed [17]. The development of antimicrobial films using plant secondary metabolite-derived polymers is also discussed [18]. Trends in PLA and poly(hydroxy-alkanoate)s (PHA) nanocomposites are presented [19], and important features such as crystallization and stereocomplexation of PLA in multiblock copolymers, as well as biodegradation and mechanical properties of PLA in biocomposites, are studied [20,21,22,23].



Details of PEF synthesis applying solid state polymerization are given by Bikiaris and co-workers [24], and the results of structural investigation of the polymorphic forms of this most promising biobased polyester are reported by Maini et al. [25].



Studies on synthesis of poly(butylene 2,5-furandicarboxylate) (PBF)-related copolyesters containing isophthalate units via ring-opening polymerization and also synthesis and characterization of nanocomposites containing bacterial cellulose based on PBF and related copolymers with butylene diglycolate are included in this issue [26,27].



Sanchez-Lopez et al. have prepared renewable polyesters from isosorbide, 2,5-furandicarboxylic acid (FDCA) succinic acid, 1,3-propanediol, and 1,5-pentanediol for coating applications, while copolyesters based on cyclohexanedicarboxylic acid are synthesized and the gas barrier properties of them are evaluated [28,29].



Polymerization of furfuryl alcohol (FA), which is also a biobased monomer derived from lignocellulosic biomass, is also investigated [30].



Starch-based materials play their own role in biobased materials. Thermoplastic potato starch/halloysite nano-biocomposites are prepared and characterized in a paper in this issue [31].



Polyethylene biocomposites for 3D printing, as well as biocomposites of lignocellulosic biomass and recycled PET, are prepared and characterized [32,33]. Biodegradable poly(ε-caprolactone) blends with ionic liquid are studied in regard to their crystallization characteristics [34]. Furthermore, the use of a green binder based on enzymatically polymerized eucalypt kraft lignin for fiberboard applications is tested [35].



Foamed polymeric composite materials based on polyurethane or PHB with lignin or cellulose are prepared and studied. Lipase-catalyzed synthesis, properties, and application of biobased dimer acid cyclocarbonate with potential applications in nonisocyanate polyurethanes are also studied [36,37,38,39].



Referring to improvements in thermoplastics with internal or external plasticization using renewable materials, poly(vinyl chloride) is modified and plasticized by grafting cardanol groups. Polystyrene is also modified with eugenol for liquid crystal orientation [40,41].



Membranes made of porous regenerated cellulose—suitable bioadsorbents for wastewater treatment—are prepared in two modification stages involving oxidation on both sides and then functionalization with polyethylenimine [42].



Pyrolysis is a technique that can be applied to arrive at monomers and starting materials from renewable resources. In this context, Jiang et al. evaluate the effect of glycerol pretreatment on levoglucosan production by fast pyrolysis [43].



The applications of biopolymers in medicine and pharmaceutics are also included in the scope of this issue. The role of hyaluronic acid in promoting the osteogenesis of the human bone morphogenetic protein-2 in an absorbable collagen sponge is investigated by Huang et al. [44].



Moreover, some cases of applications of polymers from renewable resources in drug delivery systems are examined. An example of such a polymer with interest in drug delivery is chitosan. The potential for tailoring drug release rates by changes in the particle engineering of chitosan-based powders is examined, while thiolated chitosan masked microspheres with mesocellular silica foam are proposed for intranasal delivery of paliperidone [45]. Starch-chitosan polyplexes are also tested as carrier for anti-infectives and gene delivery by Yasar et al. [46,47].



Fucoidan is a polysaccharide composed of chemical units that can be specifically recognized by alveolar macrophages. Inhalable fucoidan microparticles combining two antitubercular drugs—isoniazid and rifabutin—are prepared and evaluated [48]. Furthermore, poly(lactic acid) and poly(lactic acid-co-glycolic acid) (PLGA) nanoparticles are extensively used in drug delivery. In this issue, the dual drug delivery of sorafenib and doxorubicin from PLGA and poly(ethylene glycol)-poly(lactic acid-co-glycolic acid) (PEG-PLGA) polymeric nanoparticles is investigated by Babos et al. [49].



Finally, novel isocyanate-modified carrageenans are prepared and characterized as sorbent materials for preconcentration and removal of diclofenac (DCF) and carbamazepine (CBZ) in different aqueous matrices (surface waters and wastewaters) [50].







Conflicts of Interest


The authors declare no conflict of interest.




References


	



Schneiderman, D.K.; Hillmyer, M.A. 50th anniversary perspective: There is a great future in sustainable polymers. Macromolecules 2017, 50, 3733–3749. [Google Scholar] [CrossRef]

	



Zhu, Y.; Romain, C.; Williams, C.K. Sustainable polymers from renewable resources. Nature 2016, 540, 354–362. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



HStorz, H.; Vorlop, K.-D. Bio-based plastics: Status, challenges and trends. Landbauforsch.-Ger. 2013, 63, 321–332. [Google Scholar]

	



Upton, B.M.; Kasko, A.M. Strategies for the conversion of lignin to high-value polymeric materials: Review and perspective. Chem. Rev. 2015, 116, 2275–2306. [Google Scholar] [CrossRef] [PubMed]

	



Gandini, A.; Lacerda, T.M.; Carvalho, A.J.; Trovatti, E. Progress of polymers from renewable resources: Furans, vegetable oils, and polysaccharides. Chem. Rev. 2015, 116, 1637–1669. [Google Scholar] [CrossRef] [PubMed]

	



Isikgor, F.H.; Becer, C.R. Lignocellulosic biomass: A sustainable platform for the production of bio-based chemicals and polymers. Polym. Chem. 2015, 6, 4497–4559. [Google Scholar] [CrossRef]

	



Zhang, C.; Garrison, T.F.; Madbouly, S.A.; Kessler, M.R. Recent advances in vegetable oil-based polymers and their composites. Prog. Polym. Sci. 2017, 71, 91–143. [Google Scholar] [CrossRef]

	



Mülhaupt, R. Green polymer chemistry and bio-based plastics: Dreams and reality. Macromol. Chem. Phys. 2013, 214, 159–174. [Google Scholar] [CrossRef]

	



Hernández, N.; Williams, R.C.; Cochran, E.W. The battle for the “green” polymer. Different approaches for biopolymer synthesis: Bioadvantaged vs. bioreplacement. Organ. Biomol. Chem. 2014, 12, 2834–2849. [Google Scholar] [CrossRef] [PubMed]

	



Nguyen, H.T.H.; Qi, P.; Rostagno, M.; Feteha, A.; Miller, S.A. The quest for high glass transition temperature bioplastics. J. Mater. Chem. A 2018, 6, 9298–9331. [Google Scholar] [CrossRef]

	



Raquez, J.-M.; Deléglise, M.; Lacrampe, M.-F.; Krawczak, P. Thermosetting (bio) materials derived from renewable resources: A critical review. Prog. Polym. Sci. 2010, 35, 487–509. [Google Scholar] [CrossRef]

	



Darensbourg, D.J. Making plastics from carbon dioxide: Salen metal complexes as catalysts for the production of polycarbonates from epoxides and CO2. Chem. Rev. 2007, 107, 2388–2410. [Google Scholar] [CrossRef] [PubMed]

	



Cokoja, M.; Bruckmeier, C.; Rieger, B.; Herrmann, W.A.; Kuehn, F.E. Transformation of carbon dioxide with homogeneous transition-metal catalysts: A molecular solution to a global challenge? Angew. Chem. Int. Ed. 2011, 50, 8510–8537. [Google Scholar] [CrossRef] [PubMed]

	



Miller, S.A. Sustainable Polymers: Opportunities for the Next Decade. ACS Macro Lett. 2013, 2, 550–554. [Google Scholar] [CrossRef]

	



Tschan, M.J.-L.; Brulé, E.; Haquette, P.; Thomas, C.M. Synthesis of biodegradable polymers from renewable resources. Polym. Chem. 2012, 3, 836–851. [Google Scholar] [CrossRef]

	



Vilela, C.; Sousa, A.F.; Fonseca, A.C.; Serra, A.C.; Coelho, J.F.; Freire, C.S.; Silvestre, A.J. The quest for sustainable polyesters–insights into the future. Polym. Chem. 2014, 5, 3119–3141. [Google Scholar] [CrossRef]

	



Nakajima, H.; Dijkstra, P.; Loos, K. The recent developments in biobased polymers toward general and engineering applications: Polymers that are upgraded from biodegradable polymers, analogous to petroleum-derived polymers, and newly developed. Polymers 2017, 9, 523. [Google Scholar] [CrossRef]

	



Al-Jumaili, A.; Kumar, A.; Bazaka, K.; Jacob, M.V. Plant Secondary Metabolite-Derived Polymers: A Potential Approach to Develop Antimicrobial Films. Polymers 2018, 10, 515. [Google Scholar] [CrossRef]

	



Sun, J.; Shen, J.; Chen, S.; Cooper, M.A.; Fu, H.; Wu, D.; Yang, Z. Nanofiller Reinforced Biodegradable PLA/PHA Composites: Current Status and Future Trends. Polymers 2018, 10, 505. [Google Scholar] [CrossRef]

	



D’Ambrosio, R.M.; Michell, R.M.; Mincheva, R.; Hernández, R.; Mijangos, C.; Dubois, P.; Müller, A.J. Crystallization and Stereocomplexation of PLA-mb-PBS Multi-Block Copolymers. Polymers 2017, 10, 8. [Google Scholar] [CrossRef]

	



Castro-Aguirre, E.; Auras, R.; Selke, S.; Rubino, M.; Marsh, T. Impact of nanoclays on the biodegradation of poly (lactic acid) nanocomposites. Polymers 2018, 10, 202. [Google Scholar] [CrossRef]

	



Aguilar, M.D.; Corominas, R.R.; Farrés, Q.T.; Orús, X.E.; Pujol, P.M.; González, J.A.M. Bleached Kraft Eucalyptus Fibers as Reinforcement of Poly (Lactic Acid) for the Development of High-Performance Biocomposites. Polymers 2018, 10, 699. [Google Scholar] [CrossRef]

	



Aranberri, I.; Montes, S.; Azcune, I.; Rekondo, A.; Grande, H.-J. Fully Biodegradable Biocomposites with High Chicken Feather Content. Polymers 2017, 9, 593. [Google Scholar] [CrossRef]

	



Kasmi, N.; Papageorgiou, G.Z.; Achilias, D.S.; Bikiaris, D.N. Solid-State Polymerization of Poly (Ethylene Furanoate) Biobased Polyester, II: An Efficient and Facile Method to Synthesize High Molecular Weight Polyester Appropriate for Food Packaging Applications. Polymers 2018, 10, 471. [Google Scholar] [CrossRef]

	



Maini, L.; Gigli, M.; Gazzano, M.; Lotti, N.; Bikiaris, D.N.; Papageorgiou, G.Z. Structural investigation of poly (ethylene furanoate) polymorphs. Polymers 2018, 10, 296. [Google Scholar] [CrossRef]

	



Morales-Huerta, J.C.; de Ilarduya, A.M.; Muñoz-Guerra, S. Partially Renewable Poly (butylene 2,5-furandicarboxylate-co-isophthalate) Copolyesters Obtained by ROP. Polymers 2018, 10, 483. [Google Scholar] [CrossRef]

	



Matos, M.; Sousa, A.F.; Silva, N.H.C.S.; Freire, C.S.R.; Andrade, M.; Mendes, A.; Silvestre, A.J.D. Furanoate-Based Nanocomposites: A Case Study Using Poly(Butylene 2,5-Furanoate) and Poly(Butylene 2,5-Furanoate)-co-(Butylene Diglycolate) and Bacterial Cellulose. Polymers 2018, 10, 810. [Google Scholar] [CrossRef]

	



Lomelí-Rodríguez, M.; Corpas-Martínez, J.R.; Willis, S.; Mulholland, R.; Lopez-Sanchez, J.A. Synthesis and Characterization of Renewable Polyester Coil Coatings from Biomass-Derived Isosorbide, FDCA, 1,5-Pentanediol, Succinic Acid, and 1,3-Propanediol. Polymers 2018, 10, 600. [Google Scholar] [CrossRef]

	



Siracusa, V.; Genovese, L.; Ingrao, C.; Munari, A.; Lotti, N. Barrier Properties of Poly (Propylene Cyclohexanedicarboxylate) Random Eco-Friendly Copolyesters. Polymers 2018, 10, 502. [Google Scholar] [CrossRef]

	



Falco, G.; Guigo, N.; Vincent, L.; Sbirrazzuoli, N. FA Polymerization Disruption by Protic Polar Solvents. Polymers 2018, 10, 529. [Google Scholar] [CrossRef]

	



Ren, J.; Dang, K.M.; Pollet, E.; Avérous, L. Preparation and Characterization of Thermoplastic Potato Starch/Halloysite Nano-Biocomposites: Effect of Plasticizer Nature and Nanoclay Content. Polymers 2018, 10, 808. [Google Scholar] [CrossRef]

	



Filgueira, D.; Holmen, S.; Melbø, J.K.; Moldes, D.; Echtermeyer, A.T.; Chinga-Carrasco, G. 3D Printable Filaments Made of Biobased Polyethylene Biocomposites. Polymers 2018, 10, 314. [Google Scholar] [CrossRef]

	



Santos, R.P.d.; Rossi, P.F.; Ramos, L.A.; Frollini, E. Renewable Resources and a Recycled Polymer as Raw Materials: Mats from Electrospinning of Lignocellulosic Biomass and PET Solutions. Polymers 2018, 10, 538. [Google Scholar] [CrossRef]

	



Yang, C.-T.; Lee, L.-T.; Wu, T.-Y. Isothermal and Nonisothermal Crystallization Kinetics of Poly (ε-caprolactone) Blended with a Novel Ionic Liquid, 1-Ethyl-3-propylimidazolium Bis (trifluoromethanesulfonyl) imide. Polymers 2018, 10, 543. [Google Scholar] [CrossRef]

	



Gouveia, S.; Otero, L.A.; Fernández-Costas, C.; Filgueira, D.; Sanromán, Á.; Moldes, D. Green Binder Based on Enzymatically Polymerized Eucalypt Kraft Lignin for Fiberboard Manufacturing: A Preliminary Study. Polymers 2018, 10, 642. [Google Scholar] [CrossRef]

	



Zhang, X.; Jeremic, D.; Kim, Y.; Street, J.; Shmulsky, R. Effects of Surface Functionalization of Lignin on Synthesis and Properties of Rigid Bio-Based Polyurethanes Foams. Polymers 2018, 10, 706. [Google Scholar] [CrossRef]

	



Leng, W.; Li, J.; Cai, Z. Synthesis and Characterization of Cellulose Nanofibril-Reinforced Polyurethane Foam. Polymers 2017, 9, 597. [Google Scholar] [CrossRef]

	



Ventura, H.; Sorrentino, L.; Laguna-Gutierrez, E.; Rodriguez-Perez, M.; Ardanuy, M. Gas Dissolution Foaming as a Novel Approach for the Production of Lightweight Biocomposites of PHB/Natural Fibre Fabrics. Polymers 2018, 10, 249. [Google Scholar] [CrossRef]

	



He, X.; Wu, G.; Xu, L.; Yan, J.; Yan, Y. Lipase-Catalyzed Synthesis, Properties Characterization, and Application of Bio-Based Dimer Acid Cyclocarbonate. Polymers 2018, 10, 262. [Google Scholar]

	



Jia, P.; Zhang, M.; Hu, L.; Wang, R.; Sun, C.; Zhou, Y. Cardanol Groups Grafted on Poly(vinyl chloride)—Synthesis, Performance and Plasticization Mechanism. Polymers 2017, 9, 621. [Google Scholar] [CrossRef]

	



Ju, C.; Kim, T.; Kang, H. Renewable, Eugenol—Modified Polystyrene Layer for Liquid Crystal Orientation. Polymers 2018, 10, 201. [Google Scholar] [CrossRef]

	



Wang, W.; Bai, Q.; Liang, T.; Bai, H.; Liu, X. Two-Sided Surface Oxidized Cellulose Membranes Modified with PEI: Preparation, Characterization and Application for Dyes Removal. Polymers 2017, 9, 455. [Google Scholar] [CrossRef]

	



Jiang, L.; Wu, N.; Zheng, A.; Wang, X.; Liu, M.; Zhao, Z.; He, F.; Li, H.; Feng, X. Effect of Glycerol Pretreatment on Levoglucosan Production from Corncobs by Fast Pyrolysis. Polymers 2017, 9, 599. [Google Scholar] [CrossRef]

	



Huang, H.; Feng, J.; Wismeijer, D.; Wu, G.; Hunziker, E. Hyaluronic Acid Promotes the Osteogenesis of BMP-2 in an Absorbable Collagen Sponge. Polymers 2017, 9, 339. [Google Scholar] [CrossRef]

	



Nanaki, S.; Tseklima, M.; Christodoulou, E.; Triantafyllidis, K.; Kostoglou, M.; Bikiaris, D. Thiolated Chitosan Masked Polymeric Microspheres with Incorporated Mesocellular Silica Foam (MCF) for Intranasal Delivery of Paliperidone. Polymers 2017, 9, 617. [Google Scholar] [CrossRef]

	



Yasar, H.; Ho, D.-K.; de Rossi, C.; Herrmann, J.; Gordon, S.; Loretz, B.; Lehr, C.-M. Starch-Chitosan Polyplexes: A Versatile Carrier System for Anti-Infectives and Gene Delivery. Polymers 2018, 10, 252. [Google Scholar] [CrossRef]

	



Do Nascimento, E.G.; de Caland, L.B.; de Medeiros, A.S.; Fernandes-Pedrosa, M.F.; Soares-Sobrinho, J.L.; Santos, K.S.D.; da Silva-Júnior, A.A. Tailoring Drug Release Properties by Gradual Changes in the Particle Engineering of Polysaccharide Chitosan Based Powders. Polymers 2017, 9, 253. [Google Scholar] [CrossRef]

	



Cunha, L.; Rodrigues, S.; da Costa, A.R.; Faleiro, M.; Buttini, F.; Grenha, A. Inhalable Fucoidan Microparticles Combining Two Antitubercular Drugs with Potential Application in Pulmonary Tuberculosis Therapy. Polymers 2018, 10, 636. [Google Scholar] [CrossRef]

	



Babos, G.; Biró, E.; Meiczinger, M.; Feczkó, T. Dual drug delivery of sorafenib and doxorubicin from PLGA and PEG-PLGA polymeric nanoparticles. Polymers 2018, 10, 895. [Google Scholar] [CrossRef]

	



Papageorgiou, M.; Nanaki, S.; Kyzas, G.; Koulouktsi, C.; Bikiaris, D.; Lambropoulou, D. Novel Isocyanate-Modified Carrageenan Polymer Materials: Preparation, Characterization and Application Adsorbent Materials of Pharmaceuticals. Polymers 2017, 9, 595. [Google Scholar] [CrossRef]







© 2018 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  polymers-10-00952


  
    		
      polymers-10-00952
    


  




  





