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obtainment from residual Cynara Cardunculus L. biomass and its valorization for
the production of biomaterials for green electronics
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PURPOSE OF THE ABSTRACT

This work was performed in the framework of a wider research project financed by the Italian Ministry of
Universities and Research under the program PRIN 2017, entitled "Development and promotion of levulinic acid
and carboxylate platforms through the formulation of new and advanced PHA-based biomaterials and their
exploitation for the application of 3D printed green-electronics”, (Acronym: VISION; Grant Number:
2017FWC3WC) [1].

The VISION project aims at partially contributing to overcome the environmental issues related to the production,
use and disposal of fossil-based polymers and additives by developing fully bio-based nanocomposites to be
employed for the fabrication of piezoelectric as well as chemical sensors through additive manufacturing
techniques, to be integrated with electronics leading to bio-based fully integrated systems.

Different types of lignocellulosic biomasses are studied in the VISION project (e.g. grape pomace and residual
Cynara Cardunculus L. biomass) as renewable resources to obtain high-value molecules.

However, it is well-known that bioplastics are often surrounded by the myth ascribing them biodegradability and,
above all, low or even none environmental impact. Therefore, to avoid to simply move the environmental burdens
to a different phase in the biomaterial life cycle, all of the actions provided by the VISION project will be accurately
quantified in terms of their environmental impacts by applying the Life Cycle Assessment (LCA) methodology.
Particularly, this work is focused on the obtainment of levulinic acid from residual Cynara Cardunculus L. biomass,
through an acid catalyzed hydrolysis assisted by microwave heating, as recently optimized by some of the authors
[2]. Particularly the environmental assessment comprised also the Cynara Cardunculus L. crop production. This
allows to establish in a reliable and objective manner the advantages or disadvantages arising from the



exploitation of the residual biomass, with respect to the scenario characterized by biomass disposal on the
agricultural soil. At this latter regard, a preliminary agricultural algorithm was developed in order to account, in the
impact assessment phase, for the quality of the soil after the crop production, and its effect on the productivity.
The as-obtained levulinic acid can be then used to synthesize ketal-diester additives to be used as bioplasticizers,
making possible to produce completely ecological bioplastics, counteracting the issue related to the
non-biodegradability nature of conventional additives, such as phthalates [3]. Particularly, a three steps selective
synthesis was recently optimized by some of the authors [4], in order to obtain five different molecules with
different side chains that demonstrated remarkable plasticizing effectiveness when added to both Poly(Vinyl
chloride) [3] and Poly(3-hydroxybutyrate) (PHB) [5].

The LCA results, in conjunction with those from the experimental activities, made it possible to find the optimal
compromise (among the different modelled bioplasticizers) between environmental impacts and mechanical and
thermal properties, highlighting the most impacting phases of each process, thus proposing alternative scenarios
and possible meliorative interventions.
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