
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Cari amici e colleghi, 
 
vi diamo un caloroso benvenuto al convegno "30 years of INSTM: past, present and future of the 
Consortium". 
 
L’evento ha un duplice intento. Il primo è celebrare i 30 anni di attività del Consorzio. Dalla sua 
fondazione, nel settembre del 1992, INSTM ha sostenuto la ricerca degli atenei consorziati nel 
settore della Scienza e Tecnologia dei Materiali, ha supportato iniziative rivolte al trasferimento 
tecnologico e a sostegno delle esigenze del tessuto imprenditoriale italiano. Anche nel 
panorama della ricerca internazionale, INSTM ha acquisito nel tempo visibilità e prestigio, 
coordinando numerosi progetti europei. Il convegno permetterà sia di fare il punto su quanto ha 
fatto INSTM per la ricerca italiana dalla sua nascita fino ai nostri giorni, sia di gettare le 
fondamenta per la progettualità futura. Proprio in quest’ottica, il secondo obiettivo sarà 
presentare il nuovo assetto scientifico della rete INSTM. Il processo di riorganizzazione, avviato 
a fine 2021 e conclusosi nel 2022, ha portato, sulla base delle prospettive di ricerca in Italia e in 
Europa, alla definizione di cinque aree tematiche e una commissione ad hoc. Sarà quindi 
un’occasione di condivisione e di confronto che ribadirà l’importanza del ruolo attivo degli 
afferenti nella definizione delle direzioni in cui sarà orientata la ricerca INSTM negli anni a 
venire.  
 
Il programma scientifico offrirà un approfondimento sulle attività svolte da INSTM nei suoi 30 
anni di vita e opportunità di riflessione e confronto sulle nuove sfide della ricerca INSTM 
attraverso interventi generali e interdisciplinari (comunicazioni orali e poster) e interventi 
specifici (invited lecture, Key Notes) declinati nelle seguenti 5 sessioni tematiche:  
 

1. Materiali e tecnologie per le Scienze della vita e le Scienze dell'alimentazione 
2. Materiali e tecnologie per il Made in Italy, il Manifatturiero avanzato e l’Aerospazio 
3. Materiali e tecnologie per la transizione ecologica: Energia e Mobilità sostenibile 
4. Materiali e tecnologie per l’Economia verde e l‘Economia circolare 
5. Materiali e tecnologie per il Costruito ed il Patrimonio culturale  

 
Sono previste 2 comunicazioni su invito, 10 key notes, 71 comunicazioni orali e 64 poster. 
Complessivamente, il convegno offrirà interventi di Università, Centri di Ricerca e Industrie. 
Questo denso e stimolante programma è condensato in questo Libro Atti, che è disponibile in 
forma elettronica per tutti i partecipanti e sponsor. 
 
I nostri ringraziamenti vanno ai membri del Comitato Organizzatore e del Comitato Scientifico e 
a tutto lo staff INSTM di Firenze. Ringraziamo gli Sponsor e gli Enti patrocinanti per il loro 
fondamentale contributo e la loro attenzione alla Ricerca e Innovazione. 
 
 
         Bressanone, 22 gennaio 2023 
 
I Chair 
   
Prof.ssa Angela Agostiano  
Prof. Luigi De Nardo 
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SYNTHETIC, BIOINSPIRED AND NATURAL NANOVECTORS FOR 
VERSATILE DIAGNOSTIC AND THERAPEUTIC PLATFORMS 

 
Curri ML1,2,3, Fanizza E1,2, Rizzi F1,2, Vischio F2, Giancaspro M1,2, Striccoli M2,3, Panniello A2, 
Minervini G1,2, Comparelli R2,3, Ingrosso C2,3, Agostiano A1,2,3, Depalo N2  
 
1Department of Chemistry, University of Bari, Bari, Italy 
2CNR Institute for Physical and Chemical Processes, Bari, Italy 
3National Interuniversity Consortium of Materials Science and Technology (INSTM), Florence, 
Italy 

 
 
Recent advances in nanotechnology have enabled fabrication of therapeutic and/or diagnostic 
nanocarriers with high efficacy for treatment of several pathologies, such as cancer and 
neurological diseases. For clinical purposes, artificial nanocarriers with tailored properties and 
functionalities can be produced in laboratory and composed of organic and/or inorganic 
components. Lipid-based nanocarriers (e.g. micelles, liposomes, solid lipid nanoparticles), as 
well as polymeric nanoparticles, represent the most commonly organic nanostructures explored 
for biomedical applications, being able to incorporate drugs or imaging agents and target them 
to the specific disease sites. Along with the lab-developed nanocarriers, natural vesicles, 
physiologically emitted from plant and animal cells and actively involved in the intercellular 
communication, such as exosomes and extracellular nanovesicles, can be used as delivery 
systems of therapeutic and /or diagnostic agents, offering several advantages respect to the 
artificial nanocarriers, such as higher stainability, safety, biocompatibility and bioavailability, 
biorecognition and targeting ability. 
Nanostructures, based on metals, semiconductor, carbon, silica or oxide-based nanomaterials 
are combined to lipid-based, polymeric and silica based nanocarriers in order to obtain hybrid 
nanoplatforms with unprecendented targeting, drug delivery ability, as well as photoactivity 
and/or magnetic properties, all relevant in the clinical field. Extracellular vesicles samples are 
also isolated and characterized. 
Here, design, preparation and characterization of different multifunctional synthetic nanovectors 
along isolation and characterization of physiologically emitted natural vesicles are presented for 
the diagnosis and therapy of specific diseases, as cancer (e.g. gastrointestinal cancers) and 
neurological disorders. In particular, mesoporous silica nanoparticles, lipid or polymer based 
nanocarriers obtained by using selected preparative approaches is described. Also, the 
integration in such nanocarriers of luminescent, magnetic and photoactive inorganic colloidal 
nanoparticles is performed, in order to achieve multifunctional nanovectors fabrication. The 
physical chemical investigation and the biological viability of the application of the prepared 
nanovectors has been accomplished. The extra cellular vesicles isolation and characterization 
are also carried out. 
The potential for incorporation in the prepared nanovectors of drugs and/or inorganic 
nanoparticles and for the surface functionalization of the prepared systems to achieve novel 
drug delivery targeted nanoformulations with elevated colloidal stability, stealth properties, 
good degrees of biocompatibility and high encapsulation efficiency is discussed. Finally, The 
relevance of natural cell-derived exosomes for diagnostic of gastrointestinal cancer is 
considered. 
The work has been supported by Italian PON TITAN-Tumor Immunotherapy by Nanotechnology 
(ARS01_00906), the University of Bari Horizon Europe Seeds Project BIOMAD and Bilateral CNR-
RFBR Project (2021-2023). 
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INNOVATIVE APPROACHES IN REGENERATIVE MEDICINE AND 
FOOD ENGINEERING 

 
Farè S1,2 
 
1Department of Chemistry, Materials and Chemical Engineering G. Natta, Politecnico di Milano, 
Milan, Italy 
2National Interuniversity Consortium of Materials Science and Technology (INSTM), Florence, 
Italy  

 
 
In the last decade, many improvements are under evaluation for improving the performance of 
biomaterials for biomedical applications and food engineering. In particular, novel technological 
approaches to processing natural materials for the development of innovative structures for 
regenerative medicine will be explored. On the other side, edible materials for prolonging food 
shelf life, and innovative approaches for synthetic food will be considered. 
Regenerative medicine. Natural-derived polymeric biomaterials can be used for the realization 
of complex in vitro models at different scales to investigate the development of pathologies as 
well as the drug-cells interaction, avoiding the wide use of animal models. New technologies 
have been developed to match the specific requirements for recapitulating the properties of the 
physiological and/or pathological tissue under investigation.  
For organ-on-a-chip (OOAC), PDMS is the most widely employed material, but a decreased 
absorbance of small hydrophobic molecules influences efficacy and toxicity. Natural materials 
are identified to better recapitulate the specific properties of the tissue to be studied. 3D 
scaffold-based in vitro models are an alternative to OOAC and are developed using natural and 
biological-derived materials, improving vascularization of the scaffold to promote adequate 
nutrients and gas diffusion in the whole volume of the structure. 
Food engineering. The use of edible coatings consists of the application of a natural polymeric-
based solution of any film-forming edible material directly on the food surface through dipping, 
brushing, or spraying. A thin membrane on the food surface can reduce gas and water vapor 
transfer, browning, and aroma loss and prolongs the shelf life. The research in food engineering 
is also devoted to the use of synthetic biology for the realization of synthetic food to reduce 
environmental impacts. 
Edible coatings and films, constituted by proteins, polysaccharides, lipids, and their mixtures, 
have comparable functions to those of conventional packaging: they are water vapor and gas 
barriers, improve mechanical-handling properties of foods, and prevent aroma compound 
losses. In addition, efficient ways of protein production are being developed to sustain the 
growing global population while complying with today’s challenges. Two possible strategies are 
under evaluation: synthetic beef can be produced from 100% plant-based ingredients or can be 
cultivated (lab-grown meat), using animal stem cells ethically harvested from cows and grown 
under ideal conditions in a nutrient-rich cell medium inside bioreactors to develop muscle and 
fat tissue. 
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POLYMER ADDITIVE MANUFACTURING: HOW TO EXPLOIT ITS 
POTENTIAL FOR METAL, CERAMIC AND COMPOSITES 
PRODUCTION ENHANCING MADE IN ITALY 

 
Tosto C1,2, Saitta L1,2, Rizzo G1,2, Pergolizzi E1,2, Latteri A1,2, Cicala G1,2 
 
1Department of Civil Engineering and Architecture, University of Catania, Catania, Italy 
2National Interuniversity Consortium of Materials Science and Technology (INSTM), 
Udr Catania, Italy  

 
 
Polymer additive manufacturing (AM) techniques are widely because of the low cost of the 
materials and equipment used. The same statement does not hold when ceramic and metal 
materials must be produced by additive manufacturing. This can limit the widespread use of 
ceramic and metallic materials for SME. This paper outlines the main findings of the PRIN 
project to overcome this limitation. 
The materials used in the present research work spanned from filaments for Fused Filament 
Fabrication (FFF) to resins used for Liquid Crystal Display (LCD) printing. For FFF the following 
materials were used: Support filament SR100 from Stratasys, Acquasis 180 from Infinite 
Materials Solution, Ultrafuse 316L and 17-4PH from Basf, Alumina be Zetamix. For LCD printing 
three proprietary photopolymerizable formulations were used. For the production of carbon 
fiber reinforced parts, the prepreg GG200TDT121R by Torayca was used. For the FFF printing the 
Ultimaker S5 by Ultimaker while, for LCD printing, a development printer by Photocentric were 
used. 
Polymer additive manufacturing using mixtures of polymer and metal, or ceramic particles was 
used to print green parts. Using a combination of debinding and thermal sintering full metal or 
ceramic parts were successfully prepared with densities higher that 95%. The mechanical and 
miscoscopical characterization outlined the pros and cos of this approach. At the same time 
playing with the polymeric choice, it was possible to produce optimized tooling for the 
manufacturing of complex hollow composites parts.  
The results obtained demonstrated that the use of polymers as matrices make easy and cheap to 
3D print metal and ceramic parts. This is advantageous for SME companies, and it can boost 
Made in Italy considering the low investment cost required. In the case of fiber reinforced 
composites, the use of polymer AM is already widespread but for hollow composites parts the 
work presented can lead to undisclosed advantages.   
. 
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SUSTAINABLE ENERGY AND MOBILITY: CRITICAL ISSUES AND 
PERSPECTIVES FROM THE POINT OF VIEW OF MATERIALS AND 
DEVICES 

 
Mustarelli P1,2 
 
1Department of Materials Science and GISEL-INSTM, University of Milano Bicocca, Milano, Italy 
2National Interuniversity Consortium of Materials Science and Technology (GISEL-INSTM), 
Florence, Italy 

 
 
Nowadays global climate challenges are to be tackled to guarantee a proper management of 
resources available on our planet through the implementation of more sustainable models, and 
one of the toughest environmental and social challenges of our time is managing the mobility of 
people and goods: having a long-term term perspective which focuses on sustainability is a 
defining factor in the future of mobility. Europe, through the combination of policy measures and 
the definition of a sound and challenging strategy has set an important target to deliver a 60% 
reduction in the transport sector’s emissions by 2050. Considering that 23% of Europe’s GHG 
emissions are produced by transport an acceleration of sustainability of transportation systems 
is becoming to be crucial encouraging the adoption of the newest technologies and usage of the 
most efficient systems. The current European Sustainable Mobility Market worth 45 Billion Euros, 
expected to grow with a CAGR of 20% to 2030. Italy is the fifth country in terms of planned and 
implemented development plans with a still fragmented evolution level according to the region: 
indeed, Center and South are still below the national average. 
In this context, there is an increasing pressure towards the development of more efficient, 
sustainable, and greener value chain able to tackle with the mobility issue. This requires 
hydrogen production, storage, transport, electrochemical conversion, and related energy 
storage. The main players in this strategy, at least at the current level of technological and 
industrial development, are electrolyzers, fuel cells and batteries. In this talk I will highlight the 
state of the art of these technologies, their current limitations, and the main perspectives in 
terms of development of innovative materials and new device architectures. Finally, I will pay 
attention to the sustainability aspects connected to the reuse/recycling of lithium batteries, with 
reference to critical materials. 
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MATERIALS FOR THE ENERGY AND MOBILITY ZERO EMISSIONS 
TRANSITION 

 
Basile F1,2 
 
1Department of Industrial Chemistry, University of Bologna, Bologna, Italy 
2National Interuniversity Consortium of Materials Science and Technology (INSTM), Florence, 
Italy 

 
 
The ecological transition in the energy and mobility sector is a game changer process which is 
based on a number of factors which need to start from the constrain developed by Kate Raworth 
in the inspired work describing the doughnut economy and integrate additional constrain related 
to critical materials and time variable. 
Most of the processes related with energy production and conversion, especially in the mobility 
sector, were and are still based on combustion, i.e., a process that after the ignition proceed with 
very fast homogeneous phase reaction in a gas phase producing CO2, uncombusted residues, and 
NOx (SOx are still present in diesel in less developed countries). Just referring to road mobility in 
2022 there were 1.4 billion vehicle in operation (of which around 400 million commercial 
vehicles) based on combustion engines. 
After the transition the energy production and conversion will mainly occur on a surface of a 
solid or into a solid material with chemical/electrochemical and photoelectrochemical reactions. 
In this perspective the active and functional materials play a fundamental role and their 
manufacturing, and the entire supply and value chain need to be strategically designed and 
evaluated. Furthermore, active and functional materials are usually based on very specific 
elements therefore some strategies need to be taken into account for a secure and sustainable 
energy transition: i) diversify technologies producing zero emission energy and mobility services, 
therefore develop a pool of flexible technologies and materials for the decarbonization of the 
power production, of heating and cooling, and for the powertrain of the various mobility modes; 
ii) Increase the efficiency of the energy production and that of its utilization (thus minimizing the 
surface) and minimize the materials used for energy productions, storage and conversion; iii) 
increase materials  lifetime, reuse and recover; iv) develop technologies based on not critical 
raw materials or materials with less risky supply chain  v) Integrate and hybridize technologies 
and process by material and device design. Based on these principles an overview of the main 
risks, the key technologies and a focus on the most urgent challenges related to materials for 
the zero-emission transition will be given. 
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STRUCTURE, PROPERTIES AND APPLICATIONS OF CO-
CRYSTALLINE AND NANOPOROUS-CRYSTALLINE POLYMERS 

 
Guerra G1, Cozzolino A1, Daniel C1, Nagendra B1, Rizzo P1 
 
1Dipartimento di Chimica e Biologia and INSTM Research Unit, Università degli Studi di Salerno, 
Fisciano, Italy 

 
 
The conference deals with crystallization of two commercially available polymers (syndiotactic 
polystyrene, sPS and poly(2,6-dimethyl-1,4-phenylene) oxide (PPO)) leading to co-crystalline 
(CC) forms with low-molecular-mass guest molecules and to derived nanoporous-crystalline 
(NC) forms.  
Particular attention is given to the impressive solubility and diffusivity of organic guests, which 
can be achieved for NC PPO samples. X-ray diffraction patterns and infrared linear dichroism, as 
collected for axially oriented NC PPO films, indicate the presence of large diameter crystalline 
helices with intrahelical location of the guest molecules.  
Emphasis will be given to NC PPO films with orientation of the crystalline empty channels 
perpendicular to the film plane (c  orientation), which exhibit very fast guest sorption and good 
optical transparency.  
The final part of the conference is mainly devoted to perspectives of basic and industrial 
research that are expected in the near future for CC and NC PPO samples. 
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CIRCULAR ECONOMY AND ITS ROLE IN THE ECOLOGICAL 
TRANSITION: MATERIALS AS A KEY ENABLING TECHNOLOGY 

 
Gross, S1,2,3 
 
1Department of Chemical Sciences, University of Padova, Padova, Italy 
2National Interuniversity Consortium of Materials Science and Technology (INSTM), UdR Padova, 
Florence, Italy 
3Institute for Chemical Technology and Polymer Chemistry (ITCP) – Karlsruhe Institute of 
Technology (KIT), Germany 

 
 
In this talk, the specific contribution of the circular economy to accomplish a full ecological 
transition will be firstly introduced, by outlining the main feature of a circular economy model of 
production, service and consumption as a viable alternative to the current linear model.  
In the second part of the talk, a more specific focus on the materials selection and eco-design in 
view of a re-use/refurbishment/remanufacturing or recycling at the end-of-life will be provided. 
Circular options for different classes of materials and the relevance of the knowledge of 
material properties and performances in orienting a smooth transition to the circular model and 
to a successful achievement of a second-life for materials and product will be highlighted. A 
specific chapter will be devoted to critical raw materials and their strategic relevance in the EU.   
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MATERIALI E TECNOLOGIE PER IL COSTRUITO ED IL PATRIMONIO 
CULTURALE: OBIETTIVI E STRATEGIE DI INSTM 

 
Milioto S1,2 
 
1Department of Physics and Chemistry – Emilio Segrè, University of Palermo, Palermo, Italy 
2National Interuniversity Consortium of Materials Science and Technology (INSTM), Florence, 
Italy 

 
 
La problematica del costruito e del patrimonio culturale offre vaste potenzialità di applicazione 
per nuove tecnologie, che spaziano dai materiali alle biotecnologie alle nanotecnologiE alla 
sensoristica alle tecnologie digitali. Le progettualità forniscono il know-how per lo sviluppo di 
metodologie avanzate per il costruito e il patrimonio culturale in stretta collaborazione con gli 
enti territoriali preposti.   
Si sta assistendo a una rivoluzione culturale determinata da notevoli investimenti, quali il PNRR, 
PNR 21/27, Horizon Europe, ecc., mirati, da un lato, a finanziare linee di ricerca e, dall’altro, alla 
formazione di nuove professionalità. Anche la tematica relativa al costruito e al patrimonio 
culturale è oggetto di particolare interesse e ciò grazie al fatto che l’Italia è nota nel mondo per 
l’importanza della sua cultura umanistica, la ricchezza del suo patrimonio culturale e l’originalità 
del modello della sua città storica che costituiscono assi centrali dello sviluppo culturale del 
Paese.  
Il connubio fra arte, scienza e tecnologie gioca un ruolo chiave nel ripensamento creativo e nella 
trasformazione degli spazi pubblici, nella crescita sostenibile dei territori, nel miglioramento 
della qualità di vita e del benessere dei cittadini. L’Italia mantiene un ruolo guida a livello 
europeo per l’eccellenza delle ricerche in Heritage Science e Digital Heritage che richiede un 
approccio multidisciplinare STEM e umanistico. Diversi interventi si articolano su aree di azione 
quali il “Patrimonio culturale per la prossima generazione”, la “Rigenerazione di piccoli siti 
culturali, patrimonio culturale religioso e rurale”, l’”Industria culturale e creativa 4.0” e il 
“Turismo 4.0”.  
In questo ambito si inserisce il contributo della sezione tematica Materiali e tecnologie per il 
costruito e il patrimonio culturale che grazie alle competenze in possesso dell’INSTM può 
definire obiettivi e strategie indirizzati a: 
 

• individuare soluzioni innovative e nuove tecnologie per la diagnostica e la prevenzione 
dei rischi e la misura di parametri chimici e fisici supportando lo sviluppo di soluzioni 
digitali, l’applicazione di tecnologie emergenti, di strumenti diagnostici, di dispositivi e 
analisi; 

• progettare, sviluppare e caratterizzare materiali e nanomateriali innovativi, smart ed 
ecosostenibili attraverso nuove tecnologie emergenti.  

• proporre soluzioni innovative e tecnologie digitali per i processi di gestione, 
valorizzazione e fruizione di tutto il patrimonio con l’obiettivo di estendere la fruizione 
a un pubblico quanto più ampio possibile che comprenda anche i visitatori con 
disabilità (tecnologie per aumentare le abilità fisiche e cognitive dell’utente). 

• contribuire allo sviluppo di un ecosistema digitale per il turismo e la promozione 
culturale mediante piattaforme tecnologiche sviluppate in collaborazione con attori 
del territorio, detentori a vario titolo del patrimonio culturale e del costruito.   
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VIRTUAL INSTRUMENTS FOR MOLECULAR SCIENCES: ARE 
ACCURACY AND INTERPRETATION LIKE THE DEVIL AND THE HOLY 
GRAIL? 

 
Barone V1, Puzzarini C1, Rega N1 
 
1SNS, Bologna and Naples UDRs of SKIES-VILLAGE@INSTM 

 
Is it possible to turn strongly specialized research in the field of computational chemistry into 
robust and user-friendly aids to experiments and industrial applications? What kind of tools 
should be created to increase the interaction between researchers with different background 
and push towards new frontiers in computational chemistry? The terrific advancements in 
quantum mechanical models together with the wide availability of computational and analytic 
tools are paving the route toward the study of problems that were previously difficult or 
impossible to solve and let imagine even more ambitious targets for fundamental and applied 
research. The combination of new compute-and data-centric technologies has turned data 
analysis from an uncommon and retrospective practice into a proactive process of strategic 
decision and action. This presentation starts from these premises and proposes a perspective for 
a new integration of ongoing developments in theory, algorithms and software with 
contemporary work-flow management tools, data mining and visualization. We make the case 
for this approach by means of a few examples taken from collaborative efforts within the SKIES-
VILLAGE competence center of INSTM and dealing with unwieldy data types in molecular 
modeling and results obtained with different unsupervised learning algorithms. Particular 
attention will be paid to accurate results and their interpretation in terms of stereo-electronic, 
dynamic, and environmental effects.  
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The first thirty years of activity of INSTM have coincided with an important transformation of the 
research activity of Dante Gatteschi and his research group. It dates back to 1993 the 
publication[1] by Dante Gatteschi and collaborators that opened a new research field, i. e. that of 
quantum nanomagnets. Thanks to Dante’s in-depth knowledge of the electronic properties of 
paramagnetic metal ions it was possible to identify novel phenomena that have revolutionized 
the domain of magnetic materials. Coordination chemistry, still at the core of the research 
activity of Dante’s collaborators, is playing a key role in the second quantum revolution[2] and 
quantum nanoscience[3].  
    
 
[1] R. Sessoli, D. Gatteschi et al., Nature 365, 141-143 (1993) 
[2] M. Atzori, R. Sessoli, J. Am. Chem. Soc. 141, 11339-11352 (2019) 
[3] A.J. Heinrich et al., Nature Nanotech. 16, 1318-1329 (2021) 
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Introduction 
Supramolecular polymers, formed by chains of monomers self-assembled via reversible, non-
covalent bonds, are at the basis of new, customizable materials with potential for countless 
applications. The reversibility of the fundamental bonds between the monomers determines 
fascinating responsive and adaptive behavior. These supramolecular polymers exist in a dynamic 
equilibrium with their environment, in which the continuous exchange of molecular species 
between different aggregates gives rise and sustains the macroscopic properties of the 
materials. To elucidate these dynamics is of primary interest toward the engineering of these 
novel materials. 
 

Material and Methods 

In this work we employ coarse-grained molecular modelling to investigate the supramolecular 
equilibrium of different self-assembling polymer systems. Exploiting the detail of molecular 
dynamics simulations, we focus on the investigation of the exchange of monomeric units among 
all the different species that populate these systems. By tracking all the polymerization and 
depolymerization events we obtain details that cannot be captured with common single-polymer 
simulations or stochastic models. 
 

Results 
Our in-silico studies provide general insight into the main mechanisms of molecular exchange 
among polymers of variable size at the equilibrium. We obtain a statistic/probabilistic 
characterization of different systems, elucidating how their supramolecular dynamics is 
impacted by changes in monomer structure, intra-monomer interactions and external 
controlling conditions (as e.g., concentration, temperature). We ultimately link the resulting 
characterization of these complex supramolecular equilibria with the macroscopic properties of 
the studied systems. 
 

Discussion 
Using minimalistic coarse-grained models and extensive molecular dynamics simulations we 
obtain a general picture of how a complex dynamical equilibrium determines the emerging 
adaptive and stimuli-responsive features of supramolecular polymers. This paves the way 
toward the rational design of new supramolecular materials, that exhibit controlled collective 
properties. 
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Introduction 
Curcumin is the main polyphenol extracted from Curcuma longa, in addition to other two 
homologous compounds, demethoxycurcumin and bisdemethoxycurcumin, altogether known as 
curcuminoids. Curcumin is known to have numerous biological properties, mostly attributable to 
its antioxidant and anti-inflammatory effects. The poor solubility of curcumin in water affects the 
way it is extracted from the plant matrix and determines a low bioavailability in the body. 
 

Material and Methods 
Pluronic PF127 was used to extract curcumin from turmeric without use of organic solvent and 
directly prepare water soluble curcumin. Ultrasound was used to assist the process, increasing 
its efficiency. Frozen micelles containing curcumin were prepared from micelles containing 
curcumin by inducing PF127 CMC switching by changing the temperature and removing the free 
surfactant by centrifugal membrane filtration. The effect of operational parameters on yield and 
extraction kinetics was analyzed while frozen micelles were characterized and tested for their 
antioxidant properties. Peleg’s model was used to describe extraction of curcumin from curcuma 
powder under the various experimental conditions. 
 

Results 
The use of PF-127 made it possible to extract curcumin directly in water with yields comparable 
to those obtained with organic solvents. Ultrasounds have led to better performing extractions 
both in terms of speed and in terms of yield. Peleg's kinetic model fit well with the experimental 
data. Frozen micelles were successfully prepared by changing temperature and removing the 
free surfactant by centrifugal membrane filtration. Spectroscopic measurements confirmed the 
depletion of the surfactant from the micelle structure. The antioxidant activity was found to be 
superior to that of micelles obtained with commercial curcumin. 
 

Discussion 
Kinetically frozen micelles are supramolecular structure trapped in a non-equilibrium state for 
long timescales. PF-127 shows a concentration-sensitive critical micellar temperature and can 
reversibly be switched to incorporate hydrophobic curcumin in a minimal surfactant-contained 
colloidal suspension. PF-127 is a commercially available ABA triblock copolymer of 
poly(oxyethylene)-poly(oxypropylene)-poly(oxyethylene) approved by the FDA for use as food 
additives and pharmaceutical ingredients. This surfactant has allowed both to reduce the 
environmental impact due to the use of organic solvents during the extraction of curcumin and to 
increase its solubility in water for nutraceutical and pharmaceutical formulations. To date we do 
not know that this method has previously been used for the extraction of antioxidant molecules 
from their plant matrix or to increase their bioavailability. 
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Introduction 
Macromolecules obtained from renewable and sustainable resources, and eventually susceptible 
of degradation in the environment and physiological conditions, often referred to as 
biopolymers, represent a reliable industrial alternative to synthetic polymers in agreement with 
the increasing awareness of ecological issues. The always growing interest on biopolymers is 
also due to the different advantages exploitable for biomedical applications, in terms of intrinsic 
biological signaling, surface chemistry promoting cell adhesion, cell-responsive degradation and 
remodeling, as well as the possibility of forming hydrogels providing a highly hydrated 3D 
environment for the cells. This contribution is aimed at presenting some recent research 
activities tailored to the integration of biopolymers and additive manufacturing for the 
development of novel bioactive medical devices. 
 

Material and Methods 
Advanced computer-aided design and manufacturing approaches were applied to process 
different classes of biopolymers, including polysaccharides from food waste, i.e., chitosan, or 
seaweeds, i.e., alginate and ulvan, as well as microbial polyesters, i.e., polyhydroxyalkanoates, 
into 3D porous devices. The fabricated samples were properly characterized from a physical-
chemical (FT-IR, NMR), thermal (TGA, DSC), mechanical (tensile, compression), and biological (in 
vitro cell culture) point of view. 
 

Results 
Optimized protocols for additive manufacturing of selected biopolymers into devices with 
customized external shape and porous architecture were developed. In particular, 3D cell 
growth scaffolds made of polyelectrolyte complexes were developed by combining positively 
charged chitosan with either alginate or ulvan. PHA customized tissue engineering scaffolds and 
intravascular stents were endowed with a microporosity integrated with a predefined 
macroporous network, by acting on phase inversion parameters governing polymer solidification 
during printing. In vitro biological characterization demonstrated the cytocompatibility and 
bioactivity of the developed devices made of different biopolymers, also when loaded with 
osteoinductive ceramics and anti-inflammatory agents. 
 

Discussion 
The developed AM approaches represent powerful tools for manufacturing customized 
prototypes of implantable medical devices made of polymers obtained from renewable 
resources. In addition, the versatility of the investigated approaches in terms of polymer matrix 
loading with bioactive agents, is currently exploited to develop novel controlled drug release 
strategies. 
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Introduction 
Near-field direct-writing electrospinning (NFES) allows to precisely deposit electrospun fibers 
and, for obtaining thinner filament than in fused deposition modeling, to more accurately 
replicate tissutal architectures. Nevertheless, NFES use is still limited to process natural 
polymers for regenerative medicine. This study aims at fabricating well-defined architectures 
with submicrometric fibers using nature-derived polymers. 
 

Material and Methods 
Gelatin B and Bovine Serum Albumin were dissolved 10:1 in 70% v/v acetic acid, testing three 
different concentrations (22, 27.5 and 45% w/v). A custom-assembled NFES setup with a user-
friendly XY moving collector (speed: 8000 mm/min; acceleration: 1500 mm/s2) was used to 
arrange single fibers in parallel arrays (20x20 mm2) or circles (Ø=26 mm). The effect of electric 
field (1 or 1.5 kV/mm) and, for parallel arrays, of fiber spacing (0 or 500 μm) was investigated. 
After process optimization, unsoluble scaffolds were prepared using Methacrylated Gelatin and 
Bovine Serum Albumin: multi-layered parallel fiber arrays (10x10 mm2) were iteratively 
deposited increasing fiber spacing in progress. Three sample configurations were obtained 
performing different overall process iterations (300, 600 and 900) and then photo-crosslinked. 
For both single fibers and multi-layered samples, fiber morphology was evaluated by SEM and 
acquired images were analyzed using ImageJ software to measure mean fiber diameter and 
alignment degree. 
 

Results 
With a total concentration of 22% w/v jet formation was ensured over a wide range of 
environmental conditions (temperature=20-26°C, relative humidity=26-49%) and an optimized 
combination of operational parameters allowed to achieve process stability and continuous fiber 
deposition. Single parallel fibers reached submicrometric diameters at 1.5 kV/mm whereas 
alignment and straightness were maintained even at 1 kV/mm, but narrower spacings and higher 
electric fields led to more coiled fibers. At 1.5 kV/mm, submicrometric circular fibers could be 
accurately deposited without coils apart from some confined regions. In multi-layered samples, 
83% of fiber diameters were suitable for anisotropic tissues regeneration and alignment degree 
of almost 70% was reached, but it decreased to 45% beyond 900 iterations probably for electric 
field alterations by stacked-up fibers. 
 

Discussion 
Oriented submicrometric fibers were easily obtained via NFES with reproducible morphological 
features, comparable to extracellular matrix dimensions (~ 0.5 μm). Control over fiber deposition 
was achieved even at motion direction changes, although higher collector accelerations may 
restrict coiled traits. Versatility and precision demonstrated by the developed system allow to 
precisely design complex and even multi-layered architectures made by biocompatible nature-
derived polymers. 
 

              O 4_1 



KERATIN EXTRACTION, ISO-ELECTRIC PRECIPITATION AND 
MICRO-PATTERN PREPARATION FOR CELLULAR CONTACT 
GUIDANCE APPLICATIONS 

 
Trojanowska DJ1 ,2, Suarato G1,3, Braccia C4, Armirotti A4, Fiorentini F1, Athanassiou A1, Perotto P1 
 
1Istituto Italiano di Tecnologia, Smart Materials Group, Genova, Italy 
2Department of Materials Science, University of Milano-Bicocca, Milan, Italy 
3Istituto Italiano di Tecnologia, Translational Pharmacology Facility, Genova, Italy 
4Istituto Italiano di Tecnologia, Analytical Chemistry Facility, Genova, Italy 
 
Introduction 
The waste stream of low-grade wool from the fabric preparation is a keratin rich material 
currently underutilized. Therefore, development of appropriate waste employment for added 
value final products is required. Wool is composed of 95% amount of keratin proteins by weight. 
The presence of intra and intermolecular bonding, including the disulphide bridges formed 
between cysteine residues, ionic, hydrogen or hydrophobic bonds make the structure of keratin 
strong but, conversely, difficult to extract and reprocess. Consequently, key to successful keratin 
extraction is the selection of appropriate chemicals to break these bonds. Moreover, keratin 
chains contain the sequence leucine aspartic acid valine, a well-established cell adhesion motif: 
this tripeptide is recognized by the cell adhesion molecule α 4 β 1 integrin. α 4 β 1 integrin can 
be found in several cells; more specifically, the β 1 integrin subunit plays a crucial role as 
mechano-sensory receptor in dermal fibroblasts, regulating tissue homeostasis and skin wound 
healing. This may imply that keratin can potentially act as a tissue regeneration template. 
Therefore, preparation of keratin micropatterns could become an appropriate strategy for 
directing cell growth and tissue regeneration. 
 

Material and Methods 
The keratins were extracted from wool using sulfitolysis, hydrolysis and reduction. Keratin 
particles were prepared using iso-electric precipitation (IEP). The zeta potential (ZP), iso-
electric point (IP), morphological structures, molecular weights (MW), chemical composition and 
biocompatibility, were investigated. The keratin-based micropatterns were prepared via micro-
contact printing (MCP), the primary human dermal fibroblasts adult cells were plated onto their 
surface to evaluate their role in the cellular guidance in vitro. 
 

Results 
The keratins prepared with sulfitolysis and reduction with cysteine showed good compromise 
between the yield and MW. Therefore, keratins prepared using these protocols were used in the 
IEP. A thick layer of keratin precipitate that settled down at the IP (the point of minimum 
solubility) was collected, washed and freeze-dried. 
 

Discussion 
IEP produced the globular, tightly packed nano-and microparticles and randomly arranged 
structures. The chemical structure of proteins is retained after treatments. Keratin micro-stripes 
were found supportive in the facilitation of specific cell adhesion and orientation. 
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Introduction 
The development of 3D scaffold-based models would represent a great step forward in cancer 
research, offering the possibility of predicting the potential in vivo response to targeted 
anticancer or anti-angiogenic therapies. 3D in vitro models require proper materials, which 
faithfully recapitulated extracellular matrix (ECM) properties, adequate cell lines, and an 
efficient vascular network. Most of the 3D scaffold-based models for tumor adipose tissue 
reported in the scientific literature are still simplistic in terms of the vascular structure of the 
cancer tissue. The possibility of reducing the diameter of the channel of the vascular network, 
like in the natural one, can be obtained by using decellularized plants having a branched 
structure. The aim of this work is to investigate the possible realization of an in vitro 3D scaffold-
based model of adipose tissue, by incorporating decellularized 3D plant structures within the 
scaffold for supporting vascularization. 
 

Material and Methods 
Methacrylated gelatin (GelMA), UV photo-crosslinkable, was selected to obtain an adipose matrix 
capable of mimicking the composition and the mechanical properties of the adipose tissue. 
Fennel, wild fennel and dill leaves were chosen to mimic a 3D channel network. Leaves were 
decellularized and incorporated into the GelMA hydrogel before crosslinking. Morphological and 
mechanical characterizations were performed on the overall structures. Direct cytocompatibility 
tests were carried out to verify that decellularized leaf structures did not release any potentially 
toxic substances resulting from the decellularization treatment, possibly affecting the behavior 
of encapsulated 3T3-L1 cells. The ability of the samples to stimulate differentiation of 3T3-L1 
preadipocytes in mature adipocytes was also investigated. 
 

Results 
All leaves showed a loss of pigmentation after the decellularization with perfusable channels 
dimensions ranging from 100-500 µm up to3 µm. The photo-crosslinking process was not 
affected by the embedded plant structures in GelMA hydrogels. No cytotoxic effects were 
detected comparing the three prepared GelMA/D-leaf structures; moreover, the ability of the 
samples to stimulate differentiation of 3T3-L1 preadipocytes in mature adipocytes was 
investigated, and cells were able to grow and proliferate in the structure, colonizing the entire 
microenvironment and starting to differentiate.. 
 

Discussion 
The selected decellularization protocol allowed for the preservation of the original structure 
both in the superficial and inner layers, with channels inside the wall that continue throughout 
the sample. The advantage of the here proposed approach allows for the three-dimensionality of 
the channel network that cannot simply be obtained by using for example 3D printing techniques. 
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Introduction 
Bacterial cellulose (BC) is attracting the interest of the more recent research as remarkable 
versatile biomaterial employed in a wide range of applications including food packaging, 
biomedical, cosmetics, and engineering fields. In this work TiO2, ceramic clay and metallic 
particles were successfully immobilized into BC, produced by Komagataeibacter xylinus K2G30 
(UMCC 2756) strain, in different proportions (from 0.5 wt % to 40 wt %) to fabricate sustainable 
composites through a bottom-up strategy. 
 

Material and Methods 
The morphology, structure, and mechanical properties of the composites, fabricated by wet 
mechanical and chemical mixing, were investigated through a multi-technique approach: density 
measurement, electronic microscopy, FTIR spectroscopy, contact angle measurement and 
mechanical tensile testing, before and after aging, under UV light exposure. In addition, the 
possible employment of these sustainable composites was evaluated through a digital printer for 
electronic devices. 
 

Results 
Results suggest completely different behavior by using TiO2 or clay. In fact, porous fragile 
structures were obtained by employing clay, whereas more compact and plastic-like specimen 
by using TiO2, due to different chemical bonding developed. Enhanced tensile resistance and 
elongation at break were found for a content of TiO2 equal to 20 wt %, with respect to others 
reported in literature, thanks to OH- bond that cooperate to the formation of composites 
structure, as confirmed by FTIR. In addition, this result was not affected by aging under UV light 
exposure, suggesting their potential application as textile-like materials. On the other hand, BC-
clay composites shown interesting properties from the contact angle measurement where a 
strong hydrophilic behavior has been detected. Regarding metallic particle inclusion electric 
properties were assessed at quite low amount of particle addition (5 wt %), as well as the 
possibility to employ these composites as support for printed electronic devices. 
 

Discussion 
This study demonstrates how ceramic inorganic fillers for BC can result of interests in different 
fields such as hydrophilic porous membranes and plastic-like film for textile industry. In 
addition, metallic functionalization can be successfully employed for printed electronic devices. 
Thereafter, the approach herein described for bio-composites preparation offer a versatile 
alternative and greener pathway for low cost and highly efficient devices such as membranes, 
textiles, and lightweight materials, thanks to the low density and high elongation of the samples 
herein investigated. 
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Introduction 
Natural resources protection along with the development of low-energy demanding processes are 
critical challenges for the global community. In this work, discarded mussel shells and chitosan from 
shrimp shells were used as raw material to produce composites using near room temperature 
processes. Besides being a zero-cost resource, mussel shells have the added value of containing 
substitutional ions (i.e. Sr and Mg) which improve the biological properties of the resulting material. 
Low-temperature synthesis was combined with cold sintering which allows densification below 350°C 
under an external applied pressure with the aid of a transient liquid phase. 
 

Material and Methods 
Discarded mussel shells, as a biogenic source of calcium carbonate, were transformed into 
hydroxyapatite by dissolution/precipitation method. Under constant stirring, temperature and pH 
control, calcium carbonate powder was dissolved in phosphoric and hydrochloric acid to obtain a 
crystal-clear solution. Chitosan was then added, and the precipitation of hydroxyapatite/chitosan 
crystals was induced by the rapid addition of a soda solution. The system was then heated to 45°C and 
mixed up to 6 h. After being repeatedly washed with distilled water to completely remove sodium 
chloride residues, the collected slurry was freeze-dried for 72 h. The as-synthetized powder was 
then densified by cold sintering at room temperature in about 10 min by applying up to 1.5 GPa 
pressure. A complete physical and chemical characterization was carried out on the produced 
materials. Mechanical tests and preliminary in-vitro evaluation were also performed for biomedical 
application purposes. 
 

Results 
Very pure nanocrystalline hydroxyapatite/chitosan powder was obtained already after 1 h from the 
beginning of the precipitation. The produced calcium phosphate was found to have carbonate groups 
in its crystal structure, thus resembling the carbonated hydroxyapatite found in natural bone tissue. 
The composite powder was successfully densified above 90% relative density at room temperature in 
only 10 min. The presence of chitosan (10 wt%) improved by 30% the mechanical resistance of the 
material. 
 

Discussion 
The current work demonstrates how waste can be transformed into a potential candidate for bone 
tissue regeneration by using a more energy-saving processing route in comparison with conventional 
high-temperature production pathways. Dissolution-precipitation synthesis was proven to be robust 
and reproducible for synthesizing nano-hydroxyapatite/chitosan powder from mussel shells. Cold 
sintering is an avant-garde process to consolidate in a single step ceramic-polymer composites 
without any phase transformation and with a strong limitation in grain growth. 
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Introduction 
The presence of nickel in everyday metal alloy objects makes human exposure to nickel almost 
inevitable. In addition, the disposal of nickel-based components causes the spread of Ni2+ ions in 
water and soils intended for the cultivation of foods that are naturally fixers towards this metal. 
Frequent intake of foods and drinks with a high nickel content causes symptoms in at least 8% of 
the clinical cases studied. In this work, an economical, efficient, and environmentally sustainable 
solution to the symptoms of nickel allergy using clinoptilolite was investigated. It is a very 
selective type of zeolite in the adsorption of the nickel ion and is suitable for nutraceutical use. 
 

Material and Methods 
The natural clinoptilolite tested was modified with Na by mixing with a 2 M NaCl solution for 24 
hours. Natural clinoptilolite (CN) and conditioned clinoptilolite (CC) were characterized and 
compared in their physical and chemical properties. Density, particle size, porosity, XRD, and 
SEM with coupled EDX analysis tests were performed. Finally, the two types of clinoptilolite 
were tested for the adsorption of nickel ions in solutions that simulate the gastrointestinal tract, 
i.e., pH 4, 37.5 °C, and 2 ppm of nickel as initial concentration. The treated solutions, after 
filtration, were examined with the ICP for the detection of the concentration of nickel not 
removed, from which the removal efficiencies were derived. 
 

Results 
The porosimetric and crystallographic characterization by XRD of the two types of zeolites 
confirms the stable crystalline structure, which remains unchanged after the conditioning 
process. On the other hand, through the analysis of density, particle size, and EDX, it was 
possible to demonstrate the ionic exchange that took place between the calcium ions, initially 
present in the CN, with the sodium ions, present instead in the CC. The adsorption tests of nickel 
in an aqueous solution showed that the conditioning produces an increase in terms of removal 
efficiency from 73.2% of the CN to 96.6% of the CC. 
 

Discussion 
The operating parameters of the NC conditioning process used in this work are optimal for the 
adsorption of nickel in an aqueous solution. Furthermore, the excellent removal efficiencies seen 
make it possible to use CC for an in vivo experimental campaign in the future. The purpose of this 
research project is to obtain a form of clinoptilolite suitable for nutraceutical use and, 
alternatively, able to remove nickel from water used in aeroponic cultivation systems that allow 
the production of nickel-free fruit and vegetables. 
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Introduction 
The achievement of a homogeneous dispersion of nanoparticles is of paramount importance in 
supporting their technological application. Stable dispersions were largely obtained via 
surfactant or surface functionalization. The use of dispersant can alter, or even impair, the 
functional properties of the resulting nanostructured systems. We report a novel approach to 
obtain stable ZrO2 nanoparticle (NP) dispersions at native dimensions in homogeneous ternary 
mixtures of solvents (i.e., water, ethanol, and 1,2-dichlorobenzene) without any surface 
functionalization. 
 

Material and Methods 
A miscibility ternary diagram was computed by exploiting the universal quasi-chemical 
functional group activity coefficient (UNIFAC) model. ZrO2−NPs were then synthesized following 
a sol−gel approach and characterized by TEM, XRD and Raman spectroscopy. ZrO2−NPs were 
dispersed in HCl and mixed with ethanol and 1,2-dichlorobenzene (DCB). Solvent mixtures and 
dispersions were studied using Dynamic light scattering (DLS). 
 

Results 
The predictivity of the UNIFAC model was experimentally validated and DLS on mixtures close to 
the phase boundary highlights that nanometric structures, resembling nanoemulsion droplets, 
can be observed, with a size that depends on the ternary mixture composition. The obtained 
ZrO2−NPs were characterized by performing Rietveld refinement (RR) on XRD diffractograms, 
resulting in a mixture of monoclinic and tetragonal phases (69% and 31%) having crystallite 
dimensions of about 4 nm, confirmed by TEM analysis and DLS on dispersions in HClaq. 
Homogeneous and stable ZrO2−NPs dispersions (up to 0.11 g L-1) in solvent mixtures were 
achieved and studied as a function of DCB concentration. The nanoparticles can be dispersed at 
their native dimensions when the mass fraction of DCB was lower than 60%, the overcoming of 
this value leads to the NPs’ agglomeration and sedimentation. 
 

Discussion 
The proposed approach offers specific guidelines for the design of ZrO2−NPs dispersions in a 
ternary solvent mixture and can be extended to other complex solvent mixtures to achieve 
stable dispersions of nanoparticles with no functionalization overcoming the use of additives 
 
 
. 
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Introduction 
COVID-19 pandemic has attracted considerable attention toward microbial propagation. In 
particular, the spread of infectious pathogens via high-touch surfaces represents an important 
route of indirect transmission. Pathogens have in fact the ability to survive on surfaces for a long 
time, becoming a serious concern, especially in places such as public transports, schools, 
shopping, and healthcare centers. Frequent hand washing and a rigorous surface disinfection 
could prevent microbial colonization and fomites transmission. Anyway, disinfection in public 
places can be questionable having a short-living effect and depending on the activity of the 
operators as well as the frequency of cleaning - once a surface is contaminated again, microbes 
will survive until a new disinfection of the area. Moreover, some of these disinfection products 
demonstrated high toxicity. In this scenario an alternative is offered by microbicidal coatings. 
 

Material and Methods 
Structural, morphological, and thermal characterization of the microbicidal coating 
(WO2021255496A1 patent) layed on model surfaces was carried out by X-Ray Powder 
Diffraction, Thermogravimetry and Scanning Electron Microscopy. Microbicidal activity of the 
coating was tested against Gram negative (E. coli) and positive bacteria (S. aureus and MRSA), 
and against 229E coronavirus. The coating cytotoxicity was also evaluated in A375 epithelial cells 
by MTT assay. 
 

Results 
A colorless, transparent, biocompatible, and easy to lay microbicidal coating was obtained. It 
resulted in 100% bactericidal activity against all tested bacteria, and it was highly effective in 
reducing the initial infectious load of the alphacoronavirus 229E, boasting an action which lasts 
over time. The cytotoxicity test showed no toxicity after a 24 h exposure time. 
 

Discussion 
The coating showed a good adhesion on different material surfaces, keeping its microbicidal 
activity. Our excellent results open up the way to the use of the microbicidal coating for relevant 
applications such as the medical sector. 
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Introduction 
One of the most effective personal equipment in preventing infections by respiratory viruses is 
surgical masks. Usually, they are not adequate to contrast transmission of aerosols, containing 
viruses or fine particles, since, they usually show low protection towards microorganisms 
smaller than 0.1 micron, with a filtration efficiency lower than 20 %. The aims of this work are to 
develop antiviral nanostructured-coated-masks, based on sustainable materials, and to test 
their virucidal activity. 
 

Material and Methods 
Commercial face masks were selected and dip-coated in solutions containing different 
antimicrobial active components, based on metal nanoparticles (ZnO, CuCl2, CuO) dissolved in 
aqueous media as well as vegetal proteins (i.e., zein) solubilized in ethanol/lactic acid solutions. 
Coatings were developed by soaking mask fibers within antimicrobial solutions (at 50 g/L) for 30 
min and then, drying at air. For copper and zinc based-coatings, mask fabrics were further 
soaked in NaOH solution (1 M) and dried at 60°C for 24 h, to allow the precipitation of nanometric 
oxides. Regarding zein, the effect of concentration was also considered (i.e., 50 g/ L and 125 g/L). 
The obtained coatings were characterized in terms of structural as well as morphological 
properties to correlate such performances with their antiviral effectiveness. Thermal 
characterization was performed using TGA (10 °C/min, from 30°C to 800°C). Morphological 
analysis was conducted by means of Scanning Electron Microscopy (SEM) to appreciate the 
dispersion of nanoparticles within mask fibers. Contact angle was assessed to verify the 
interaction of the coatings with aqueous media carrying microbial burdens. Antiviral tests were 
conducted selecting four types of viruses: human Coronavirus OC43 (HCov-OC43) as surrogate of 
SARS-CoV-2, Herpes Simplex Virus type 1 (HSV-1), human Adenovirus type 5 (AdV-5) and 
Monkeypox virus (MPXV). 
 

Results and Discussion 
Results showed that nanostructured coatings exhibited higher thermal stability and lower 
contact angle with respect to the uncoated masks. This latter proved a better interaction with 
water droplets. Preliminary investigation of antiviral characteristics demonstrated that the 
examined materials showed good antiviral properties especially against HCov-OC43 as well as 
HSV-1. The best performances were attained with zein and copper coatings against HCov-OC43. 
A slight virucide effect was observed against AdV-5 and MPXV, as expected due to their high 
resistance to treatments. 
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Introduction 
Plasma Electrolytic Oxidation (PEO) is an electrochemical surface modification technique which has 
recently raised interest for the production of bioactive porous oxide coatings on orthopedic metals. A 
main benefit of this technique is the possibility to easily transfer doping agents (e.g. copper, silver 
and zinc ions) from the electrolyte into the oxide, to provide the treated surfaces with antibacterial or 
proosteogenic properties; however, dopants availability is typically limited by both electrolyte pH and 
the passive nature of the embedding process in anodic conditions. Thus, alternate current (AC) 
treatments can be crucial for controlling the inclusion of cations via PEO techniques. 
 

Material and Methods 
The PEO treatment was performed on cp-Ti specimens using a borate-based electrolyte enriched 
with Cu and Zn acetates and a chelating agent (EDTA-Na2) to increase doping ions availability. 
Different AC conditions were tested, with varying anodic to cathodic voltage ratio and cathodic duty 
cycle, and two conditions (AC30-2 and AC10-30) were selected based on GDOES analyses for further 
characterization via SEM imaging and Raman spectroscopy. The antimicrobial capability of the 
surfaces was assessed against P. Aeruginosa biofilms, and their bioactivity was evaluated by 
cytocompatibility tests and immunofluorescence imaging on hMSCs and pre-osteoblasts. 
 

Results 
All treated samples present a highly homogeneous coating morphology with sub-micrometric 
“volcanolike” pores, and the different AC conditions show no significant effects on their size and 
distribution. The GDOES analysis highlighted a stronger inclusion of both Cu and Zn with increasing 
cathodic duty cycles, while a simultaneous enlargement of rutile domains was depicted by Raman 
maps. The tests on P. Aeruginosa confirmed the antimicrobial effect dependance on the cathodic duty 
cycle, and the AC30-2 treated samples also showed increased cytocompatibility compared to the 
controls, while the AC10-30 group exhibited a strong cytotoxicity. Moreover, immunofluorescence 
imaging on hMSCs revealed an enhanced osteocalcin signal in samples treated under AC30-2 
conditions compared with all other groups. 
 

Discussion 
AC-based PEO processes demonstrated the possibility of finely tuning the antimicrobial 
characteristics of titanium surfaces by simply acting on the electrical parameters, without modifying 
dopants’ concentrations in the electrolyte. However, a relatively strict threshold was again 
highlighted with respect to copper-related cytotoxicity. Furthermore, the effect of zinc as a pro-
osteogenic agent was demonstrated. All these features could be exploited to maximize the 
antimicrobial capability of PEO-coated orthopedic implants while conferring them the ability to 
positively guide the response of both stem cells and bone tissue cells. 
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Introduction 
Bicontinuous jammed emulsion gels (known as bijels) are Pickering emulsion where the aqueous 
and organic phases are present as continuous phases. These emulsions, stabilized by colloidal 
nanoparticles at the interface between the two phases, can be used in a variety of applications. 
The goal of this study is that of using a hydrophobic monomer, able to polymerize in bulk, thus 
forming a bicontinuous structure with polymer and water present as immiscible phases. 
 

Material and Methods 
ε-caprolactone, selected as monomer, has been inserted in the reacting cylinder, along with TBD 
as catalyst. The system was mounted on an orbital shaker, and a stirring velocity of 1000 rpm 
has been set. Once the polymerization has occurred, an aqueous solution of NPs (both organic 
and inorganic have been tested) has been added, and the stirring speed has been increased up to 
1700 rpm for 1 minute. Then, the stirring velocity has been decreased back to 1000 rpm until the 
bicontinuous structure formation occured. Release tests have been performed by soaking the 
bicontinuous structures in 2 mL of PBS at 37 °C for mimicking the physiological conditions. After 
certain timepoints, 1 mL has been withdrawn and replaced with 1 mL of fresh PBS. 
 

Results 
DOSY analyses were able to confirm the bicontinuity of such structures, and their mechanical 
and chemical properties have been fully characterized through different analyses (GPC, NMR, 
ESI-MS, DSC, Fluorescent confocal microscopy). Furthermore, the results obtained for release in 
PBS and solid media gave encouraging results. Important topic to be highlighted is the 
temperature control for the production protocol, since the final material strongly depends on it. 
 

Discussion 
These materials have been demonstrated able to load both hydrophilic and hydrophobic 
molecules and their release properties have been intensively studied. Through HR-MAS analysis 
diffusional studies have been performed, for tracking changes in release properties changing the 
NPs used (inorganic and organic). Furthermore, the possibility of codelivery of two different 
molecules (hydrophilic and hydrophobic respectively) has been characterized, highlighting an 
interaction between the two compounds that influence the final diffusivity values. 
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Introduction 
Nanoporous metals represent a new class of materials with promising properties as actuators, 
storage and conversion of energy, electrodes for electrocatalysis and surface-enhanced Raman 
scattering (SERS). They are constituted by a scaffold of interconnected ligaments with pores in 
between. They can be fabricated by electrochemical or chemical dealloying: the less noble 
elements are selectively dissolved while the noble components reorganize in ligaments by 
surface diffusion. In this work, two examples of applications are reported to show the versatility 
of these materials in terms of properties and possible applications: nanoporous Ti as 
biocompatible material with enhanced antibacterial properties and nanoporous Au (NPG) as 
substrates for SERS with ultra-low detection limit. 
 

Material and Methods 
novel composition of TiCuZrFeSnAg was developed containing biocompatible elements. Metallic 
glass ribbon was developed by melt spinning. To produce antimicrobial implant materials, the 
surface was modified using chemical dealloying in an alkaline media for producing 
nanostructured topography. The effect of dealloying in different electrolyte was investigated. The 
surface morphology and composition of dealloyed samples was characterized using XRD, SEM, 
XPS, TEM and AFM analysis. Nanoporous gold (NPG) was synthesized by free corrosion 
dealloying of an amorphous precursor, Au20Cu48Ag7Pd5Si20, in a mixture of nitric and hydrofluoric 
acid, starting from amorphous melt-spun ribbons. XRD and SEM analyses were performed to 
check the final morphology of the produced samples. SERS activity of NPG was investigated 
using 4,40-bipyridine as a probe molecule. Such a microstructure showed homogenous SERS 
response in terms of average enhancement all across the surface, as demonstrated by SERS 
mapping measurements. 
 

Results and Discussion 
 
 TiCuZrFeSnAg amorphous ribbons were dealloyied in free corrosion conditions with alkaline 
electrolytes with two different concentrations. For both treatments the formation of nano 
porosities and ligaments on the sample surface was observed: with concentrated solution 
bimodal ligaments were formed, while the samples treated in a diluted solution showed 
homogeneously distributed porosities and unimodal ligaments. This morphology enables a 
change in wettability and hemocompatibility of the samples, with an increased 
hemocompatibility with the formation of a nanoporous structure on the surface. SERS 
measurements for NPG samples show a detection limit of 10-16 M. The signal was strongly 
enhanced and, by exploiting SERS maps, it was found to have a signal highly homogeneous on 
the surface. The extremely high enhancement obtained for A-NPG is attributed both to the small 
size of ligaments and crystals of which they are made 
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Introduction 
Spinal cord injury (SCI) is an invalidating disease that involves the damage of the spinal cord or 
the nerves connecting the spine to the central and peripheral nervous system. This pathology is 
characterized by the primary SCI, that is the consequence of the traumatic event, and by the 
subsequent inflammatory response, characterized by the activation of 
microglia/macrophages/astrocytes, that leads to an aggravation of the pathology and to 
neurodegeneration. A possible therapeutic approach is represented by the possibility to 
modulate the inflammatory response through the release of drugs in the damaged zone 
selectively within different cell lines. Recent advances in polymer science and nanotechnologies 
showed an increased interest for the nanogels (NGs), a new class of colloidal systems that, if 
properly functionalized, can be used as carriers of drugs to treat SCI. 
 

Material and Methods 
Nanogels were synthesized using polyethylene glycol (PEG) and polyethylenimine linear (PEI), 
after having functionalized PEI with a chromophore using a “click” reaction. This PEI 
functionalization is essential for being able to constantly trace the nanogels during the biological 
assays. Many different coating strategies of the nanogels were analyzed: in fact, the surface 
functionalization is essential to tune the characteristics, and the biological behavior, of the final 
system. 
 

Results 
The NGs underwent characterization through dynamic light scattering analyses and drug release 
tests together with in vitro and in vivo biological assays. 
 

Discussion 
Biological tests proved that functionalized nanogels were able to be selectively internalized in 
mouse microglia or astrocytes depending on their surface decoration, that their degradation 
promoted drug release and the use of anti-inflammatory molecules as delivered drug were able 
to mitigate the pain state. In vivo subsequent assays on diseased mouse confirmed the result 
obtained in vitro and the potentiality of this kind of surface functionalization. Nanogels are for 
sure effective devices in controlled drug delivery and here we showed their potentialities as 
targeted drug delivery systems in SCI inflammatory state treatment. 
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Introduction 
Temperature is a fundamental physical quantity, the measure of which is of great interest in 
many scientific and technological fields. Most of the sensors used nowadays need direct contact 
with the specimen to properly measure the temperature and therefore are ineffective for the 
sub-micrometric measurements needed in nanomedicine and in the semiconductor industry. To 
overcome this intrinsic limit of traditional thermometry, great effort is currently underway 
in the development of luminescent thermometers. Lanthanides-doped nanomaterials have been 
widely studied in the past few years in the field of nanothermometry to exploit their emission in 
the optical biological windows. 
 

Material and Methods 
We have prepared Yb3+, Er3+, Tm3+ and Nd3+ doped core@shell KY3F10 nanoparticles by a 
microwave assisted wet chemistry technique. The thermometric performances based on 
luminescence of the lanthanide ions has been investigated in the visible and near infrared optical 
ranges using ratiometric methods. 
 

Results 
Several codoping schemes, such as Yb-Er, Nd-Yb, or Yb-Tm, have been considered for which the 
luminescence is excited by a cascade of energy-transfer processes. An active core doped with 
activators, such as Er3+, Tm3+ and Nd3+ and an active shell doped with sensitizers, such as Yb3+ or 
Nd3+, will be considered. For these materials the thermometric parameters are defined as the 
ratio between emission intensities of the same or different lanthanide ions, also exploiting 
different excitation energies. 
 

Discussion 
Preliminary results indicate that the relative sensitivities of the core@shell systems are very 
promising for non-invasive optical thermometers and pave the way for applications in which the 
temperature is an important physical parameter, as in biomedicine or in industrial processes. 
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Introduction 
Material extrusion (MatEx) 3D printing techniques are the most exploited additive manufacturing 
processes for thermoplastics, being simple and economic in terms of both materials and tools. 
Nevertheless, the catalog of available thermoplastics is still severely limited, mainly due to the 
lack of reliable information on the processability of the materials. In this work, we aim 
developing a deep knowledge about polypropylene, one of the most relevant thermoplastic 
commodities, focusing on designing and optimizing PP-based formulations fulfilling the 
requirements to be suitable for MatEx 3D printing. 
 

Material and Methods 
Composites based on a PP heterophasic copolymer and different loadings of talc, calcium 
carbonate, silica and an organo-modified nanoclay were produced using a co-rotating twin 
screw and characterized through rheological, thermal and mechanical analyses. 
 

Results and Discussion 
Firstly, the composition and the processing conditions of the PP-based compounds have been 
optimized, aiming at achieving the proper thermal and rheological properties for MatEx 
printability. DSC characterization demonstrated that the introduction of the different types of 
fillers allowed reducing the melting entalphy of the PP-based systems, hence minimizing the 
typical high volumetric shrinkage of PP. Besides, the results of the rheological measurements 
pointed out that the introduction of all the exploited fillers caused the appearance of a yield-
stress behavior which is progressively more pronounced as the loading of fillers increases. 
Furthermore, all investigated composites showed a significant shear thinning behavior at high 
frequencies. In a previous work we demonstrated that the strictest criterium to classify a 
polymer as MatEx-printable from a rheological point of view is the occurrence of a yield stress 
behavior in quasi zero-shear conditions, which guarantees low propensity of the filament to drip 
after the extrusion and a good shape stability of the extrudate at the exit of the nozzle and 
during the deposition step. Furthermore, the shear thinning behavior ensures a low viscosity 
during the extrusion step, hence enhancing the flowability of the material. Therefore, the 
introduction of the different fillers allowed properly modifying the rheological behavior of PP, 
helping in ensuring an effective printability of the materials. In the second part of the work, a 
step-by-step optimisation of the process parameters has been conducted, and the mechanical 
properties of the printed samples were evaluated. 
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Introduction 
Nowadays, producers of safety devices (e.g., helmet, body protectors etc) for sports are 
developing and testing innovative smart materials to reach the ever-growing request for higher 
performances arising from international standards and markets. A promising class of materials 
for these applications are auxetic foams and structures, which are characterized by a negative 
Poisson ratio. For this reason, we have developed a new series of auxetic foams and lattices for 
sport safety applications by 3D printing and compressive/thermal cycles. 
 

Material and Methods 
Auxetic polyurethane and polyethylene foams have been prepared by a previously developed 
process under compression/thermal cycles. Auxetic lattices have been made by 3D printing 
using 3 different techniques (FDM, MJF and SLA) with 5 different materials. The obtained 
structures have been incorporated into safety devices (helmets, back and limb protectors) that 
have then been tested with a drop weight machine used for ISO 1621 tests, equipped with load 
cells, accelerometers and with a GOM 3D system for digital image correlation analysis. 
 

Results 
The analysis of the foams has shown an auxetic closed shell morphology for polyurethane-based 
foams and auxetic closed cells for polyethylene-based foams. 10 different auxetic lattices have 
been prepared by 3D printing. The obtained materials have been incorporated in different ways 
inside helmets and protectors. Non auxetic structures (e.g., hexagonal, and spherical lattices) 
have been prepared for a comparison. The impact testing performed using a drop weight 
machine has shown in general that the auxetic lattices and foams have superior impact 
attenuation properties with respect to the non-auxetic counterparts, but in the examined cases 
only at impact energies above 25 J. 
 

Discussion 
We have proved that 3D printed auxetic lattices can be used for sport safety applications. In 
particular, the best results have been obtained using the MultiJetFusion technology with a PU 
based material. The 3D printed materials have permitted to pass the ISO 1621 norm for back and 
limb protectors in bicycle and motorcycle applications. Auxetic structures have been proved to 
dissipate the impact energy more efficiently with respect to the non-auxetic counterparts. 
However, the auxetic structures examined works better mainly at higher impact energies with 
respect to the non-auxetic ones. This has been ascribed to the mechanism of deformation of this 
type of cells, as detected by 3D DIC analysis. On the contrary, the auxetic foams, both with open 
and closed cell morphologies, obtainable by thermal/pressure cyclic treatment, at the moment 
are not able to pass the norms for their use in bicycle and motorcycle applications. 
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Introduction 
During the re-entry of a space vehicle in a planet atmosphere, the friction between its external 
surface and the atmosphere is very intense and generate s a huge quantity of heat. Thus, the 
vehicle needs protection from overheating in order to preserve its integrity and to guarantee 
adequate conditions for the pay load and/or for the crew. The thermal protection systems 
designed for this aim need to respond to several important requirements such as low thermal 
conductivity, efficient heat removal capability, low density. Ablative materials, in particular low 
density carbon phenolic ablators, are very efficient protection systems and they have been us ed 
for the most recent spatial missions: for the Dragon SpaceX capsule (2022), for the deliver on 
Mars of the rover Curiosity (2012) and Perseverance (2021). The microstructure of the carbon 
phenolic ablators can be crucial to maximize their efficiency, thus in this work a strategy for 
obtain a micro/nano metric grape like structure of the phenolic resin was proposed and the 
obtained carbon phenolic ablator s were characterized. 
 

Material and Methods 
Several samples of carbon felt (MFA Sigratherm, SLG Carbon) were impregnated with a solution 
of phenolic resin (Durite SC 1008, Hexion), glycol ethylene and different amounts of 
polyvinylpyrrolidone (PVP). A multi step manufacturing strategy consisting of sonication, 
heating, mixing and curing in oven was optimized for obtaining an initial optimal solubility of 
phenolic resin and PVP in the glycol ethylene, and for guaranteeing a desired final density, a 
homogeneous distribution of the resin inside the carbon felt and, finally, its complete 
polymerization. Microstructural characterization and thermochemical analysis were conducted 
in order to understand the contribution of PVP. O xyacetylene flame burner exposure tests were 
carried out to evaluate the ablative performance of these new ablators. The microstructure was 
evaluated before and after the oxyacetylene flame exposure. 
 

Results 
Carbon phenolic ablators enriched with PVP show a peculiar nanometric grape like structure. 
This nano/microstructure of the phenolic resin in the virgin material is very similar also after the 
pyrolysis reaction activated during the oxyacetylene flame exposure. Thermochemical analyse s 
show that the PVP is not removed with the solvent evaporation during the manufacturing, but it 
remains in the polymeric network of the phenolic resin and participate s in the decomposition 
process. 
 

Discussion 
The addition of PVP during the manufacturing process of carbon phenolic ablators definitely 
modifies the structure of the phenolic resin with consequent better ablative performances This 
structure remains unchanged also after pyrolysis due to exposure to high temperature. 
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Introduction 
The state of the art of development of composites possessing self-healing properties is primarily 
attempting to mimic the healing mechanisms developed by nature. However, self-healing 
materials are generally characterized by a limited technology readiness level. In this work, the 
improvement of intrinsic self-healing polymer blends, composed of a polyamide 6 (PA6) matrix 
and a cyclic olefinic copolymer (COC), through the use of three different compatibilizers was 
performed. The produced compatibilized blends could be potentially used as matrices for 
multifunctional structural composites with self-healing capability. 
 

Material and Methods 
PA6 used in this work was a Radilon S 24E 100 NAT, provided by Radici Group SpA (Gandino, 
Italy). The COC selected as healing agent was Topas COC 9506F-500, supplied by TOPAS 
(Raunheim, Germany). The selected compatibilizers were poly(ethylene-co-glycidyl 
methacrylate) (E-GMA), poly(ethylene)-graft-maleic anhydride (PE-g-MAH), and polyolefinic-
elastomer graft-maleic anhydride (POE-g-MAH). PA6 and COC were compounded for 1 minute 
and then the compatibilizer was added for a total processing time of 6 minutes. This operation 
was performed in a Thermo Haake Rheomix 600 internal mixer, operating at 60 rpm at a 
temperature of 230 °C. Subsequently, the blends were compression molded in a Carver hot-plate 
press at 235 °C for 8 min, under an applied pressure of 1.9 MPa. 
 

Results and Discussion 
The healing efficiency of the system was determined through plane-strain fracture toughness 
tests in quasi-static and impact modes. The tested samples were thermally healed at 120, 140, 
160, and 180 °C, applying a pressure of 0.5 MPa for 1 h. Without the compatibilizers, the healing 
efficiencies were 12 % in quasi-static mode and 41 % in impact mode. Thanks to the addition of E-
GMA compatibilized COC domains homogeneously distributed within the PA6 matrix, the healing 
efficiencies values increased up to 29 % in quasi-static mode and 68 % in impact mode after 
healing at 140 °C. Hence, it can be concluded that the compatibilization performed improved 
significantly the overall healing efficiency. 
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Introduction 
In the nautical sector, the processes of choice for composite manufacturing have become resin 
infusion, especially Vacuum Assisted Resin Transfer Molding (VARTM). However, a thorough 
understanding of the process parameters is needed. Hence the importance of manufacturing 
monitoring, for which optical fibers sensors stand out as very effective. This becomes even more 
relevant when processing new materials, as the ones developed to increase the sustainability of 
the composite industry. These materials prompt a “cradle to cradle” monitoring approach, to 
optimize both the process and the usage of composite components to get high quality products 
while reducing costs and waste. 
 

Material and Methods 
The validation was carried on a carbon-epoxy and a basalt-thermoplastic composites with 
standard optical fibers. The process monitoring covered two steps: resin flow and curing. The 
first was observed using Fresnel reflection, the second using Rayleigh backscattering. This last 
was also applied for the monitoring of deformations in the fully consolidated component. 
Experiments on resin only were made to fine-tune the technique. Then, it was applied to monitor 
the production through VARTMof composite panels and the following mechanical tests. 
 

Results 
The tests proved that fiber optic tip immediately detected the arrival of the resin during infusion 
as a sudden sharp drop in the signal intensity. The crosslinking reaction changes three 
parameters influencing the optical signal: refractive index, mechanical strain and temperature. 
When the sensitivity to them is calibrated, it is possible to observe during curing: an initial drop 
of the signal due to the increase in temperature produced by the exothermic reaction, followed 
by a subsequent re-increase when the refractive index of the resin lowered going from liquid to 
gel, and finally, a new gradual drop linked to the passage of the resin to the glassy state. 
 

Discussion 
Fiber optic interferometry proved to be an effective technique for the monitoring of resin 
infusion, curing and usage. Detecting the non-wetted areas of the preform, the gel point and the 
passage to the glass phase triggers the possibility to adjust the infusion parameters ensuring a 
good quality of the process. The use of the same fiber got embedded during the production 
process to also monitor the deformations of the component during usage not only increases 
performance and safety, but also elevates its useful life. Overall, the monitoring joined to the use 
of sustainable materials allows obtaining high-performance products and efficiency in terms of 
time, life-cycle costs, and quality. 
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Introduction 
The braking system allows to slow down and stop the vehicle in motion, by converting the kinetic 
energy into heat energy. This occurs when, during the braking, the brake pads - contained in the 
caliper - are pressed on both sides of the grey cast iron disc. Friction material, the material in 
contact with the disk during the braking, is a composite material contains about 15-20 different 
raw materials, divided into four main classes: i) binders, ii) reinforcement fibrous materials, iii) 
fillers, and iv) friction modifiers (abrasives and lubricants). The goal of this study was the 
chemical and physical characterization of solid lubricants, such as coke and graphite. 
 

Material and Methods 
Four different classes of carbon materials were analysed: coke, partially graphitized coke 
(elastic coke), synthetic graphite and natural graphite. X-ray diffraction (XRPD) and micro-
Raman characterizations, followed by a fitting process, allowed to obtain information about the 
main diffraction patterns, the size of the crystalline domain, the disorder degree and the 
presence of defects in the chemical structure. In addition, scanning electron microscopy (SEM) 
highlighted the morphology of the different classes of carbon materials. 
 

Results 
SEM analysis highlighted different morphologies among the carbon materials: small and 
lamellar particles for graphites and large and porous grains for cokes. Diffractograms showed 
that in synthetic and natural graphite samples contained components which were not ascribed 
with graphite, due to phases respectively with different crystallinity degrees and inorganic 
impurities, while elastic coke showed heterogeneity of samples. Micro-Raman spectra showed 
that synthetic and natural graphite samples were crystalline materials, while cokes materials 
were characterised by higher disorder degree. As observed by XRPD analyses, elastic coke had 
intermediate characteristics. 
 

Discussion 
The size of the La crystalline domain was calculated by Scherrer equation on (100) peak: it 
decreases from graphites to cokes. Elastic cokes had intermediate dimensions. The distinction 
among the different carbon materials can be carried out between graphite and cokes, but not 
between the two types of analysed graphites. Similar results were obtained by micro-Raman 
spectroscopy, following the calculation of R1 and R2 ratios, and the correlation of R1 to La 
values. Both R1 and R2 ratios allowed to discriminate the different types of carbon materials: 
cokes showed higher mean values due to the lower extension of the crystalline structure and a 
higher degree of disorder. Considering the XRPD data, no differences were observed between 
natural and synthetic graphites. 
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Introduction 
Solidification is a fundamental step in several industrial processes. In this presentation, results 
on different solidification processes in industrial alloys, based different metallic materials, such 
as Al-based light alloys, precious alloys, brasses, and superalloys will be presented. Various 
solidification processes, such as High Pressure Die Casting (HPDC), Continuous Casting (CC) and 
Additive Manufacturing (AM), will be considered. Nowadays, several physics-driven modelling 
methodologies, tools, and strategies, can be applied to describe materials properties, phase 
transformations and solidification processes. Results will show the application of 
thermodynamic software tools and databases to investigate the solidification behavior and phase 
transformations in investigated industrial alloys. 
 

Material and Methods 
Samples of various industrial alloys were obtained from collaborating industries, following 
different solidification techniques. Structural, microstructural, and thermal analysis were 
performed by X-ray diffraction (XRD), scanning electron microscopy, and differential scanning 
calorimetry (DSC), respectively. Thermodynamic calculations on different systems were 
computed by the CALPHAD method, using suitable databases. 
 

Results and Discussion 
Running activities, carried out in collaboration with 2a SpA and Stellantis SpA, involves the study 
of Al-Si-Mg alloys, with a high silicon content (about 9%), to be applied in HPDC processes. The 
goal is to explore the possibility of using secondary aluminum alloys, obtained from recycled 
materials. Results on a specific thermodynamic analysis on the role of contaminants on phase 
stabilities will be presented. Phase stabilities in Au-based precious alloys have been investigated 
in collaboration with Ecotre Valente Srl. Thermodynamic calculations have been carried out, 
considering equilibrium and Scheil solidification paths, taking into account the possible hindered 
formation of some phases. Continuous casting process in brasses has been analyzed in 
collaboration with A.L.M.A.G. SpA. Solidification processes have been reproduced at the lab 
scale, considering different quenching rates. The possible formation of porosity has been 
investigated and it has been related to the solidification rate. The structural, microstructural and 
mechanical properties of a Inconel 718 alloy employed in AM processes for producing bulk 
samples and lattice structures have been investigated, in collaboration with CIM4.0 scarl. In the 
as-built additively manufactured bulk samples, the overall microstructure shows a fine 
cellular/dendritic structure, indicative of a very high thermal gradient and intermediate 
interfacial solidification rates. In the lattice structures, structural and microstructural features 
similar to the bulk samples were observed. 
 
 
 
 
 
 

              O 7_2 



DESIGN AND DEVELOPMENT OF ALLOYS FOR METAL ADDITIVE 
MANUFACTURING 

 
Vedani M1,2, Casati R1, Larini F1, Marola S1 
 
1Dipartimento di Meccanica, Politecnico di Milano, Milan, Italy  
2National Interuniversity Consortium of Materials Science and Technology (INSTM), Florence, 
Italy 

 
Introduction 
Metal Additive Manufacturing has been raising significant interest in industrial and academic 
sectors during the last years owing to its wide potential for applications in aerospace, 
transportation, medical,tooling and jewelry sectors. Several already available alloys have been 
tested for their processability and few materials have been adapted to better fit process 
requirement. However, few alloys have been specifically developed for AM, even though the 
peculiar rapid solidification and cooling conditions induced by some processes would deserve 
particular attention and tailored compositions to improve processability and material 
performance. The present contribution is aimed at describing the main activities and results 
recently achieved within this context for the design and experimental development of alloys 
especially dedicated to Laser-powder bed fusion processing. 
 

Material and Methods 
The investigations generally rely on the identification of the most critical phenomena which 
impair processability or properties of some alloys. Development of new variants of existing 
alloys are then proposed trying to mitigate the above phenomena by proper selection of the 
chemical composition, removal/replacement of critical elements, together with the investigation 
on suitable processing conditions and post treatments. Simulations about expected phases are 
performed using Calphad-based method under equilibrium and non-equilibrium conditions. 
Experimental AM printing tests are generally made on experimental powder batches. Finally, 
stability of phases is verified using XRD, DSC and microstructural analyses. 
 

Results and Discussion 
The results on a wide range of metal alloys show that one of the first issues to solve for proper 
material processability is the control of solidification and avoidance of hot cracking issues, 
targeting the generation of an equiaxed grain structure (replacing the expected coarse columnar 
grains) by a proper nucleation strategy and allowing a certain amount of eutectic constituent to 
be present at the last stages of solidification to backfill/heal possible cracks. Preheating of the 
powder bed and adjusting the process parameters also help in reducing residual stresses and 
warpage of parts. Finally, the repeated thermal cycles induced by the multiple-track and 
multiple-layer processing also generate a sort of in-situ treatments which could be exploited to 
save further post-processing steps or to achieve the final alloy temper already in as built 
condition. Typical examples are the ability to directly age from as built state some Al alloys due 
to the supersaturation they can keep upon rapid cooling, or the ability to produce in-situ 
quenched and tempered steels exploiting the rapid cooling and the tempering effect induced 
during deposition of the subsequent material layers. 
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Introduction 
This work aims to develop and characterize a Ni-based composite fabricated by Laser Powder 
Bed Fusion (L-PBF) process. The composite consisted of a Ni-based superalloy known as Inconel 
625 (IN625) with the addition of 1 wt % of TiC particles. The base alloy is characterized by 
excellent corrosion and oxidation properties combined with good mechanical properties at room 
and intermediate temperatures (up to around 650 °C). The TiC particle presents high hardness, 
tensile strengths, and outstanding thermal stability, making it an excellent candidate as 
reinforcement for the IN625 alloy. 
 

Material and Methods 
IN625 powder (mainly 10–50 μm) and 1%wt TiC powder (mean size of 200 nm) were mechanically 
mixed in jars for 24 hours without grinding medium. The composite powder was then processed 
by means of a Concept Laser MLab Cusing R machine. The residual porosity of the composite 
samples processed with different process parameters was investigated. Moreover, some heat 
treatments were performed on the optimized condition to study its microstructure and 
mechanical properties evolution. Microstructure analysis, hardness, and tensile tests were 
performed on the composite samples and compared to the IN625 alloy. 
 

Results 
The composite samples processed with the optimized parameters exhibited a very low residual 
porosity inferior to 0.15 %, thus showing densification levels compatible with the IN625 alloy. The 
microstructure was made up of extremely fine dendritic structures and columnar grains oriented 
along the building direction, similar to the IN625 alloy. However, some TiC segregations can be 
found mainly located close to the melt pool contours. Under heat treatments, the TiC drastically 
influenced the microstructure evolution of the composites, inhibiting the recrystallization even at 
1150 °C. Differently, the IN625 underwent complete recrystallization. The composite materials 
presented hardness and tensile strengths superior to the IN625 alloy in the as built and heat-
treated conditions. 
 

Discussion 
The results suggest that adding TiC particles can help increase the hardness and the tensile 
strength of the IN625 alloy. Moreover, the reinforcement hinders recrystallization even at high 
temperatures, improving the microstructure stability of the alloy. In the future, it will be 
interesting to design specific heat treatments tailored for the composite material. It is clear that 
the fabrication of composite materials by L-PBF can be attractive for the industrial fields that 
require materials with high mechanical performance, using an Additive Manufacturing process 
that allows the production of complex shapes in a single step. 
 
 

              O 9_2 



TTOWARDS THE QUALIFICATION OF ADDITIVE MANUFACTURING 
FOR MATERIALS IN ADVANCED INDUSTRIAL APPLICATIONS: 
PROCESS-CORROSION BEHAVIOR RELATIONSHIPS IN ALLOY 625 
MANUFACTURED VIA LPBF, DED, MEX AND BJ 

 
Carrozza A1,2, Cabrini M1,2, Gritti L1,2, Lorenzi S1,2, Nani L1,2, Pastore T1,2 
 
1Department of Engineering and Applied Sciences, University of Bergamo, Dalmine, Bergamo, 
Italy 
2National Interuniversity Consortium of Materials Science and Technology (INSTM), Florence, 
Italy 
 
Introduction 
Inconel 625 is a nickel-based alloy, commonly deployed in several industrial fields, such as the 
chemical industry and oil & gas, due to its high corrosion and oxidation resistance. Additive 
manufacturing (AM) technologies are becoming increasingly popular to process this material, 
due to the reduced material wastes and flexibility in design. Several AM techniques are available 
nowadays. These can be classified according to the feedstock material used: metal powder (laser 
powder bed fusion, LPBF), metal wire (directed energy deposition, DED), metal powder in a 
polymer filament (material extrusion, MEX) and metal powder with a binder (binder jetting, BJ). 
The qualification of the AM-processed materials for high-value industrial applications is a hot 
topic nowadays. To accomplish this, a deep understanding on the different processes, and 
relative material properties, must be achieved. Therefore, in this work LPBF-, DED-, MEX- and 
BJ-processed alloy 625 specimens were investigated and comparatively analyzed, using a 
benchmark conventionally manufactured material. Furthermore, a first step toward the full 
characterization of the corrosion-related properties of these materials was made. 
 

Material and Methods 
The defectology of the LPBF-, DED-, MEX- and BJ-processed alloy 625 specimens was 
investigated in terms of image analysis of the optical micrographs. When necessary, 
microcomputer tomography analyses were performed to better assess the 3D structure of the 
defects. Microstructural investigations and phase identification were performed by observing the 
scanning electron microscope micrographs. X-ray diffraction analyses were also deployed. The 
susceptibility to intergranular corrosion was then assessed, in compliance with ASTM G28-A. 
 

Results and Discussion 
All the specimens considered presented greatly differing porosity values due to the different AM 
processes used. In particular, the MEX-processed samples presented a 3D grid-like macro-
defects structure, given by the scanning strategy adopted. The relative microstructures were 
also greatly dissimilar, in particular when comparing fusion and sintering processes. Concerning 
the susceptibility to selective corrosion, most specimens provided negligible mass losses with 
respect to the benchmark material. However, a penetrating attack was highlighted in the MEX-
processed specimens. However, this phenomenon was limited to some areas of the samples, 
where a microstructural variation was observed. This was probably related to the different local 
capability of the specimens to evacuate the gas during the debinding/sintering phase. Therefore, 
this can be considered an in-process-related behavior. 
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Introduction 
In the last years, the production of hypoeutectic Al-Si waveguide components by metal additive 
manufacturing has gained increasing attention in the telecommunications industry. The performances of 
waveguide components are influenced primarily by equivalent surface electrical conductivity, surface 
roughness and dimensional accuracy. Among these properties electrical conductivity is known to be 
strongly influenced by the structural and microstructural characteristics of the alloys. 

 

Material and Methods 
For this reason, in this work microstructural and structural properties of an hypoeutectic Al-Si alloys, the 
AlSi7Mg, were studied by means of FESEM, DSC and XRD to understand how different thermal treatments 
(Stress relieving, T5 and T6) affect the surface electrical conductivity. The equivalent surface electrical 
conductivity was measured at CNR with an home-made system on some test cavities subjected to shot 
peening. 

 

Results 
The results obtained confirm that the samples of AlSi7Mg produced by Laser Powder Bed Fusion show 
different microstructural and structural characteristics when subjected to different thermal treatments. In 
particular the continuous and fine Si network which is formed upon rapid solidification changes, and the 
amount of elements retained in solid solution is lowered, as confirmed by both XRD and DSC. The 
microstructures show a less continuous but still fine Si network along with small precipitates inside the Al 
cells for the samples subjected to stress relieving and T5. While the samples subjected to the T6 treatment 
display large platelets of Si homogeneously dispersed in the matrix. The results on equivalent surface 
electrical conductivity confirm that there is an improvement in this property when the alloy undergoes a 
thermal treatment. 

 

Discussion 
Electrical conductivity is known to be strongly affected by the structural and microstructural 
characteristics of the alloys. In particular, the presence of crystalline lattice distortion, supersaturation 
and large secondary phases can ruin the electrical conductivity making necessary a change in 
microstructure to improve this property. The extremely high and localized heating and cooling rates 
involved in the Laser Powder Bed Fusion process are known to promote a consistent microstructural 
refinement and a strong extension Si solid solubility, which are detrimental for the electrical conductivity 
of the alloy (as built state). Thermal treatments allows for the precipitation of solutes, for a relaxation of 
the crystalline lattice and for a modification of the microstructural features, i.e. spheroidization and 
growth of eutectic Si and precipitates. The optimal surface electrical conductivity has been observed for 
the sample subjected to the T5 thermal treatment. 
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Introduction 
The Powder Bed Fusion-Laser Beam\Metals (PBF-LB\M) is a promising additive manufacturing 
process that can directly produce functional components with a complex shape for a wide 
variety of applications. However, the layer-by-layer scanning and high cooling rates result in a 
high thermal gradient and thus, in thermally induced stresses. The stresses developed during the 
additive process could lead to undesirable cracking and delamination phenomena that can 
seriously affect the performance of the final component. The alloy composition can exacerbate 
crack and delamination formation, however, the need to expand the portfolio of high-strength 
materials processable for PBF-LB\M makes the resolution of these undesirable phenomena a 
primary challenge in the additive manufacturing field. The present work aims to systematically 
investigate different strategies to make processable cracking-sensitive compositions. 
 

Material and Methods 
The addition of Cu to Al-based alloys has attracted wide interest in aerospace industries, in fact, 
these alloys represent 45 % of the entire Al-alloys portfolio used in civil aircraft. The promising 
composition chosen for this work was AlSi10Cu8Mg. It exploits the supersaturated solid solution 
in the as-built condition and the precipitation strengthening thanks to the Al2Cu phase after heat 
treatment. However, its processability is highly challenging due to its cracking sensitivity. The 
AlSi10Cu8Mg powder was produced by our research group through gas atomisation. The PBF-
LB\M production was entirely realised with a Concept Laser Mlab cusing R. The exploration of 
the optimum process conditions to make this challenging alloy processable started with studying 
single scan tracks and continued with the production of cubic samples. Bulk production was 
realised by examining several process parameters and using appropriately designed support 
structures. 
 

Results and Discussion 
A wide range of Power (P)-Scan speed(v) combinations was explored through the Single Scan 
Track (SST) method rapidly obtaining a narrow process window for bulk production. However, 
unpredicted delaminations occurred when cubic samples were produced with the parameters 
suggested by the SST analysis. After excluding potential causes of the delamination formation 
related to microstructural features, the attention was focused on the stresses generated during 
the additive process. The latter proved to be the main cause of the detrimental delaminations 
observed, hence several mitigation methods were investigated. The first approach attempted was 
to reduce the scan speed values. Nevertheless, the only use of a lower scan speed did not allow 
the complete elimination of cracks. The second approach attempted was to apply support 
structures between the platform and the component to slow the heat flow and decrease the 
thermal gradient responsible for residual stresses. Notwithstanding the application of support 
structures, delamination phenomena again occurred. Only a synergetic approach of strategies 
based on the reduction of scanning speed and the use of support structures proved to be 
successful, allowing the production of fully dense, crack-free parts. The methodology exploited 
in the present work establishes a new step in expanding the materials portfolio of the PBF-LB\M 
process. 
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Introduction 
This work focuses on furnace and laser post-treatment and characterization of WC-Ti cermet 
coatings obtained by cold gas spray technique. The main purposes of this study are finding a 
suitable alternative to cobalt as metallic binder, since it has been listed as critical material, and 
to investigate the effects of different post-deposition heat treatments, carried out to trigger a 
self-propagating high-temperature synthesis reaction promoting a partial and controlled 
decarburization of WC and the consequential in-situ nucleation of TiC micro/nano-precipitates. 
 

Material and Methods 
High-energy ball milled WC50Ti cermet powder was purposely designed for CGS application. The 
feedstock powder was deposited on AISI 304 substrates, with a gas temperature of 550 °C. A 
standard furnace heat-treatment at 550 °C and different laser treatments were performed to 
increase the overall coating microhardness. The effects of the furnace and laser treatments on 
the WC-Ti coatings were evaluated in terms of microscopic, compositional and phase analyses 
and through preliminary block-on-ring sliding wear tests. 
 

Results 
The microstructure exhibited a good distribution of carbides, with an average size ranging from 
submicrometric to 5 μm, and the XRD analysis revealed the formation of TiC in the laser-treated 
coatings. In the sliding wear tests, the laser-treated materials showed a significative reduction in 
the wear rate, with a weight loss up to 75% lower than both the furnace-treated and the as-
sprayed coatings. 
 

Discussion 
The heat delivery to the coating is beneficial in terms of Vickers microhardness, as it increases 
for all the scenarios. The laser post-treatment, performed with medium-to-low powers and high 
scan rates, proved to be effective in activating the reaction that led to the formation of the TiC 
phase, with consequent increase in microhardness. While the SEM observation did not highlight 
important morphological differences between the furnace and the laser-treated coatings, the 
XRD investigation showed that TiC formed on the laser-radiated surfaces. This result was 
expected, as the powder feedstock was purposely designed to form finely dispersed TiC 
microprecipitates into the metal matrix of the cermet coating. The tribological performances of 
the furnace heat-treated and the as-sprayed coatings are overall comparable to each other, with 
high amount of material transfer from the counterpart to the wear scars. The laser-treated 
coatings outperformed the corresponding heat-treated samples under identical sliding wear 
conditions. It has been observed that the higher the hardness, the lesser the amount of material 
transfer occurring from the rotating alumina counterpart to the worn-out sample. 
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Introduction 
With the advent of the Fourth Industrial Revolution, research and development within metal 
finishing sectors observed a renewed interest. The demand for durable metals along with the 
need to save precious and rare mineral resources, such as noble metals, requires the 
development of radically new manufacturing processes capable to achieve good final 
appearance and suitable functionality of a product at the minimum cost regarding row materials 
and energy. In this context, we develop a method based on ink jet printing of thermally reducible 
noble metal–organic decomposition (MOD) inks. The MOD inks can be printed with high accuracy 
on metallic and ceramic surface for decorative and anticorrosion purposes. The decomposition 
process is achievable at relatively low temperature and being the inks free of metal particles 
there are no issues due to condensation and agglomeration. Overall, the method here proposed 
requires reduced amounts of noble metals and energy compared to traditional electrodeposition 
or PVD process constituting a more sustainable process for fashion and luxury items. 
 

Material and Methods 
The method was developed within a research project funded by Regione Toscana (POR-FSR-
2014-2020. Bando 1) and the inks developed in collaboration with an industrial partner (Industrie 
Bitossi spa). The application of two of them; a gold-based and a platinum-based are here 
described on different metallic substrates. The inks were jet printed directly on sample surfaces 
and developed (removal of the organic components) via low temperature (400°C) open air 
furnace treatment. XPS, SEM and optical microscopy were employed to characterize the 
morphology and chemical composition of the metallic deposits as well as the evolution of the 
substrate surface before and after the development treatment wile colorimetric measurement 
provided quantitative data about color and gloss of the finished surface. 
 

Results 
The noble metals were succesfully deveolped in short time (4 minutes) at low temperature 
(400°C) with only minimal alteration of the substrates. The printed metallic pattern resulted well 
defined, without voids or disconnections. 
 

Discussion 
The method here described constitute an innovative step for fashion and luxury items finishing. 
The application of MOD-inks via jet printing allows to place them only where it they need 
obtaining a practically zero-waste process. Furthermore, the use of low-temperature 
development inks allows energy consumption reduction contributing to mitigate the process 
overall resources consumption. 
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Introduction 
Electroless metal plating technique, as the name suggests, consists in a reduction of metallic 
system without using any external current. Contrary to the most common electrolytic coatings, 
since there is no use of external current and, therefore, no concentration of the electrical field in 
the presence of complex geometries, the coatings obtained by electroless are homogeneous and 
continuous. In this work, two electroless deposition system were studied and characterized. 
First, a new pure Ni coating with hydrazineas reducing agent was studied and characterized as a 
modification of the diffusion aluminide coatings. Then a Ni/Co system was studied as a 
modification of the pure Ni system by introducing the Co ions in the solution. 
 

Material and Methods 
Electroless Ni pure and Ni/Co plating was carried out using hydrazine monohydrate (N2H4 • H2O) 
as reducing agent. Coatings were characterized using SEM for morphological analysis; Chemical 
composition was measured by EDS and XRD analysis; wettability and its time evolution was 
evaluated by water contact angle measurements. 
 

Results 
Ni pure coatings and Ni/Co coatings (with different Co wt% content in the matrix) were obtained. 
Plating rates (in terms of μm/h) at 85°C was measured. Morphological analysis showed a 
modification of the surface structure by increasing the content of Co in the Ni matrix. Wettability 
of the different systems have shown a water contact angle that depends on the Co content in the 
matrix. 
 

Discussion 
Co showed greater reactivity than Ni and this phenomenon was analyzed by comparing the 
deposition rates with the amount of Co measured in the matrix. This phenomenon was 
interpreted by comparing the morphological variations following the introduction of Co into the 
Ni matrix. 
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Introduction 
Diffusion aluminide coatings are widely employed to increase oxidation resistance of superalloy 
components. However, at temperatures above 1050°C, especially under cyclic conditions, or 
under severe hot corrosion, these simple aluminide coatings offer limited protection. Thus, from 
the 1970s onwards, developments in diffusion coating technologies included modification of the 
aluminide coatings. Modified aluminides have been fabricated by additions of chromium, silicon, 
platinum, and most recently, various reactive element additions, including Hf, Zr, Ce, and Y. This 
work presents diffusion aluminide coatings modified with the addition of reactive elements such 
as Si and Zr and a mixture of Si-Zr. 
 

Material and Methods 
Diffusion aluminide coatings were obtained by slurry approach. The composition of the slurry 
includes a binder-gel, activating salts (NH4Cl and AlF3), and Cr-Al (55-45w%) particles with an 
average size of 45um. The slurry obtained was modified by a dual approach: by directly adding 
metal particles of the modifying element to the mixture or a fluoride salt of that element. 
Diffusion heat treatments were performed in a tubular furnace in an inert atmosphere while 
isothermal oxidation heat treatments were conducted in an air atmosphere. The coatings 
obtained and tested in isothermal oxidation were analysed by XRD diffractometry and 
microstructure characterization by SEM-EDS microscopy. 
 

Results 
The modified aluminide protective coatings by the slurry method were successfully formed on 
GTD-111 superalloy. Three families of coatings were obtained: aluminides modified by addition of 
Zr, by addition of Si and by addition of a Si-Zr mixture. Parabolic isothermal oxidation curves of 
standard aluminides were obtained and compared with the same results for the oxidation of Si- 
and Zr-modified aluminides. 
 

Discussion 
Zr is known as an element which is helpful to enhance alumina scale adhesion, a phenomenon 
which was attributed to a change of the oxide microstructure due to incorporation of Zr into the 
oxide scale. This effect of Zr was shown to occur at the interface between alumina scale and 
several alloys: NiAl and NiCrAl. The present investigation attempts to highlight the effect of Zr 
addition into aluminide coatings on isothermal oxidation behaviour to increase lifetime of the 
coating through adhesion enhancement between the alumina scale and substrate. Additions of 
silicon are also known to improve hot corrosion resistance but may also benefit the high 
temperature oxidation performance of aluminide coatings. The addition of Zr and Si can be 
alternatives to platinum-modified aluminides as low-cost solution for providing environmental 
protection. 
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Introduction 
Aluminide coatings are widely used to improve long-term oxidation resistance of Ni-based 
superalloy components. Pt modification considerably increases their protective capabilities when a 
4-7 μm Pt layer is deposited onto the superalloy, prior to aluminizing. The widespread method for Pt 
deposition employed at industrial scale is electroplating, which presents several limitations when 
coating complex shaped components due to the edge-effect of the electric field. To overcome such 
limits, this work aims to develop a stable electroless solution for platinum plating, in order to 
manufacture Pt-modified coatings and compare their microstructure and protective capabilities with 
standard electrodeposited Pt aluminides. 
 

Material and Methods 
The proposed electroless plating solution is based on hydrazine-monohydrate as the reducing agent. 
Deposition parameters (temperature, pH and bath loading) are investigated in terms of bath stability, 
plating rate and quality of the obtained coatings. 4.5 μm of Pt are deposited on René N4 superalloy 
discs and compared to industrial state-of-art electrodeposited Pt layers obtained from Q-salt® 
solutions. Diffusion aluminides are produced by slurry aluminizing and microstructure was compared 
by SEM, EDS and XRD. Protective capabilities are investigated performing long-term isothermal 
oxidation tests at 1093°C for 1000h. 
 

Results 
The best deposition parameters were found to be pH=0.85, at 55°C with a bath loading of 10.8 ml/cm2, 
achieving high bath stability and plating rate of 3.3 mg/cm2/h. Electroless Pt layers exhibit uniform 
thickness along the geometry, whereas thickness of electrodeposited coatings is highly variable due 
to edge-effect of the electric field. Such variability is also present in Pt-aluminide coatings and, 
despite the same phase composition mainly made by β-(Ni,Pt)Al, electroless aluminides show more 
uniform Pt distribution across the geometry. Oxidation tests demonstrated comparable performance 
after 1000h exposure. 
 

Discussion 
pH was the main factor affecting stability of the electroless plating solution and the decrease of 
hydrazine reduction potential at low pH allows controlled reduction of Pt2+. Deposition temperature 
was selected determining the best compromise between plating rate and coating quality, since too 
high temperature leads to fast and uncontrolled reactions that negatively affect deposition. 
Eventually, bath loading effect was investigated to determine its relationship with plating rate and 
deposition efficiency. Tuning of these parameters guarantees a deposition process that complies with 
the practical necessities of industry. High uniformity of Pt electroless coatings, comparable phase 
composition between electroless and electrodeposited Pt-aluminides and similar protective 
capabilities demonstrate that electroless process can be an effective alternative to electroplating for 
high temperature applications. 
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Introduction 
Entropy-stabilized rock salt ceramics with composition (Mg, Co, Ni, Cu, Zn)O are of great 
scientific and technical interest due to their excellent Li storage capacity and conductivity. 
However, they contain elements that are extremely dangerous for human health and the 
environment, in particular Ni. 
 

Material and Methods 
Ni-free high entropy rock salt was obtained by replacing NiO with MnO. The ceramic powder was 
produced by co-precipitation starting from an equimolar cations solution and using NaOH as a 
precipitating agent and doped with Li2O. The phase, compositional, and microstructural evolution 
upon annealing in air was studied by combining XRD, SEM, EDXS, TGA/DTA, XPS, and dilatometric 
analysis. Preliminary electrochemical characterization was carried out by EIS. 
 

Results 
It is shown that both the annealing temperature and Li2O addition to (Mg, Co, Mn, Cu, Zn)O play a 
key role in the high entropy phase stabilization, controlling the content of a secondary spinel-
like phase. In detail, the charge compensation between LiM′ and Mn∙

M in the rock salt structure is 
proposed to enhance the stability of the high entropy phase. Preliminary electrochemical 
characterization shows Li superionic conductivity though some electronic leakage is also 
present. 
 

Discussion 
The results show the possibility of obtaining new high entropy compositions with the rock salt 
structure, eliminating elements that are considered crystal or dangerous for human health. This 
class of materials shows promising properties that might find application in the field of Li-ion 
batteries. 
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Introduction 
Metals are traditionally considered hard matter. However, it is known that above the so-called 
Hüttig temperature (∼1/3 of the melting temperature), metal surfaces enter a dynamic 
equilibrium in which the atoms are not static as one would expect from solid crystalline 
materials and may move in the lattice. Such atomic mobility is fundamental for the properties of 
metals surfaces and nanoparticles, especially those directly related to the structural features of 
their surface (e.g., reactivity in heterogeneous catalysis, mechanical properties, etc.). While 
obtaining atomic-level insight into the dynamics of metals is non-trivial, computational 
approaches may be key. 
 

Material and Methods 
We have designed a machine learning approach that allows resolving at atomistic resolution the 
complex atomic dynamics of metal in relevant conditions from molecular dynamics (MD) 
simulations. Well-sampled MD trajectories for metals on relevant scales can be obtained using, 
e.g., reliable classical force fields (FF) or deep-learning FFs based on deep neural-network (NN) 
potentials trained on accurate DFT calculations. Unsupervised clustering of data extracted from 
the MD trajectories using high-dimensional descriptors allows (i) to identify the key atomic 
environments populating the metal structures in given conditions and (ii) to reconstruct the 
dynamic exchange between them. 
 

Results 
We tested such methods on metal surfaces and nanoparticles. Combining bottom-up and top-
down machine learning analyses, we can respectively identify the atomic motifs that emerge 
spontaneously in the metal structures in given conditions and reconduct such data-driven results 
to a human-interpretable classification. This allows us to identify the native and non-native 
atomic environments emerging in the metal structures at finite temperature conditions, and to 
reconstruct the complex atomic dynamics present within them, obtaining information such as, 
e.g., the lifetime and transition rates between all atomic domains present in the metals. 
 

Discussion 
Our results unveil the elusive identity of metal structures, which preserve their identity only in 
part in realistic regimes while non-native atomic domains, typical of other surface-types, 
emerge within them coexisting in equilibrium with native ones. This proposes a concept of 
“statistical identity” for metal surfaces, which is fundamental for understanding their behaviors 
and properties. 
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Introduction 
Molecular porous materials represent a broad class of materials whose functions are closely 
related to their structures. We have developed general structure generation software, the 
supramolecular toolkit (stk), for the discovery of molecular materials with targeted structures 
and properties[1]. Stk can construct many classes of functional materials, including porous cages, 
polymers, rotaxanes and covalent organic frameworks. 
 

Material and Methods 
Here, we present the extension of stk toward open-source design and discovery workflows for 
metal-organic cages (MOCs) and its application in high-throughput ranking and screening of 
MOC architectures for new, functional materials. We apply low-cost semiempirical methods to 
atomistic models, and coarse-grained geometrical models to evaluate large chemical spaces at 
low cost. 
 

Results 
We developed a screening workflow for new cis-Pd2L4 assemblies formed from unsymmetrical 
ligands[2]. By screening 60 unsymmetrical ligands, we provide five top candidates to experimental 
collaborators, leading to four new asymetrical MOCs at far lower cost than through standard 
methods. In the coarse-grained regime, we show how far geometrical strain can take us in 
designing the shape of complex MOCs. 
 

Discussion 
Both approaches allow the discovery of new materials candidates for future evaluation, where 
joint computational and experimental approaches lead to improved materials discovery 
workflows. Importantly, our computational approach is generalisable and can be extended to 
new supramolecular materials. 
 
[1] L. Turcani, A. Tarzia, F. Szczypiński, and K. E. Jelfs, Journal of Chemical Physics (2021) 
[2] A. Tarzia, J.E.M. Lewis, and K.E. Jelfs, Angewandte Chemie (2021) 
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Introduction 
Nanomaterials able to efficiently promote strong light-matter coupling have long been 
investigated due to their potential disruptive applications in the field of nanophotonics, quantum 
technologies, light-harvesting, and all those photonic applications requiring strict control over 
the flow of energy in time and space. So far, the strong coupling between light and matter has 
been mainly promoted through optical cavities. Colloidal plexcitonic nanohybrids, a class of 
strong light-matter nanosystems, are exciting, yet underexplored, alternative. 
 

Material and Methods 
Colloidal plexcitonic nanohybrids are nanosystems characterized by strong plasmon-exciton 
couplings. They can be prepared by promoting the self-assembly of molecular J-aggregates on 
the surface of plasmonic colloidal nanoparticles (acting as nanocavities) under suitable 
experimental conditions. In this work, we synthesized and investigated the optical properties of 
different nanohybrids based on gold nanorods functionalized with J-aggregates of various 
molecules (cyanines). The linear optical properties have been characterized by UV-Vis 
absorption spectroscopy, which allowed the optimization of the experimental conditions 
necessary to achieve a strong coupling. Then, we explored the optical activity of the 
nanosystems by circular dichroism and their ultrafast relaxation dynamics by pump-probe 
spectroscopy. 
 

Results 
We verified that PIC and JC-1 molecules easily self-assemble in the form of J-aggregates on the 
nanorods’ surface. Thereby, plexcitonic nanohybrids based on PIC, JC-1 and both dyes 
simultaneously were designed and easily obtained. The UV-Vis characterization confirmed the 
plexcitons formation by the appearance of a Rabi splitting that fulfilled strong coupling 
conditions in all the cases. The circular dichroism characterizations show a weak optical activity 
suggesting that optical chirality could be a powerful tool for better understanding these systems. 
Finally, pump-probe measurements show interesting nonlinear features which highlighted the 
presence of complex and unexpected relaxation mechanisms involving energy redistribution 
among bright plexciton states and dark states. Curiously, we also observed different relaxing 
times for plexcitons states based on PIC, JC-1 and both dyes simultaneously. 
 

Discussion 
Plexcitonic nanohybrids have proven to be promising nanomaterials for the study and 
exploitation of strong light-matter regime. Nonlinear characterization revealed differences in 
the relaxation dynamics of nanosystems obtained with different dyes. These results demonstrate 
how it is possible to tune, therefore control, the final optical properties acting on the design of 
the material. Nevertheless, the result obtained represents a significant stepping stone towards a 
more conscious plexcitons design and a better understanding of their photophysical behavior, 
and they can contribute to the development of innovative devices based on plexcitonic materials. 
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Introduction 
Here it is proposed a new technique to study the empty states of solid-state materials. For many 
key applications such as electronics, optics, thermionics, photocatalysis, it is crucial to map the 
empty states to derive information such as bandgap, carrier effective mass in conduction band 
minimum (CBM), intra bandgap states and band. 
 

Material and Methods 
To characterize materials photoemission related techniques, such as X ray photoemission 
spectroscopy XPS or valence band spectroscopy, focus on filled states below the Fermi level. We 
found an easy method to study also the empty states that are above the Fermi level, therefore 
providing information on the conduction band. This approach is based on the study of secondary 
electron emission by angle resolved photoemission, and it is feasible without access to 
synchrotron radiation facilities or complex equipment time resolved pump and probe equipment 
Diamond represents an exemplary material where this new technique can be applied. When 
diamond is hydrogen terminated, it exhibits negative electron affinity (NEA), a special physical 
feature of its electronic structure with a work function level that falls in the band gap allowing 
an accumulation of thermalised hot electrons at the CBM. NEA is important for application in 
physics, such as thermionics for the low work function and easy access to electrons and from a 
chemistry perspective. Indeed the ability to accumulate electron at the CBM together with the 
hydrogen termination, makes diamond on of the few direct source of solvated electrons in water, 
an extremely potent reducing agent. NEA material surfaces have been used successfully as 
catalysts in one of the most challenging areas of photoelectrochemistry that concerns the 
reduction of nitrogen. 
 

Results 
Our new photoemission approach comes from the observation that secondary electrons 
conserve the parallel moment as conventional band structure mapping of fill ed levels; however, 
they lose information of the perpendicular momentum resulting in their integration of all the 
Brillouin zone in that direction. Exploiting these rules of secondary electron emission, we 
calculated effectively the bandgap and carrier effective mass at the CBM of diamond. We decided 
also to verify those rules on a completely different sample from diamond, i.e., a copper crystal. 
 

Discussion 
Having an easy access to information of the materials empty states is the springboard for an 
highly accurate electronic band engineering and represent a powerful tool to tailor advance 
materials optics, catalysis and electronics. 
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Introduction 
After production by different techniques and before its use, hydrogen needs to be purified, 
transported, compressed and stored. These goals can be reached by suitable hydrogen carriers. 
Absorption of hydrogen in solid state carriers can be obtained in various classes of materials 
(e.g., metal and complex hydrides). Hydrogen handling with solid carriers needs suitable 
materials to develop low-cost, safe, highly efficient, and sustainable systems, operating close to 
ambient temperature and pressure. Recent results obtained with different hydrogen carriers for 
hydrogen storage and compression will be presented. 
 

Material and Methods 
Materials were prepared at lab scale (arc melting and ball milling) or were acquired from the 
market. Structures were characterized by X-ray diffraction, microstructure and powder 
morphology/composition were observed by SEM/EDX microscopy. Hydrogen sorption reactions 
were monitored by Sievert volumetric measurements. 
 

Results and Discussion 
The HyCARE project (hycare-project.eu) focuses on the improvement of efficiency of energy 
storage with a quantity of about 40 kg of stored hydrogen. The project started from the tailoring 
and optimization of the material composition (TiFe0.85Mn0.05), through a systematic 
characterization. Then,a batch of 5 kg of alloy was synthesized and characterized to determine 
the structure and phase abundance. The H2 sorption properties were investigated, performing 
long-term cycling study and resistance to poisoning. The alloy absorbs and desorbs hydrogen 
between 25 bar and 1 bar at 55 °C, storing about 1.0 H2 wt.%, displaying fast kinetic, good 
resistance to gas impurities, and storage stability over 250 cycles. The industrial production 
promotes the formation of a passive layer and high amounts of secondary phases, inducing 
differences in the H2 sorption behaviour compared to samples prepared at laboratory scale. 
Approximately 5 tons of TiFe0.85Mn0.05 were produced and characterized and pellets were placed 
in tanks coupled with a phase change material to increase the efficiency of the system. The 
storage module will be integrated with an electrolyzer and fuel cells. For metal hydride 
compressors, it is mandatory to develop new compositions that can satisfy the marked need of a 
pressure of 700 bar. Laves (C14) intermetallic compounds Ti(Cr,Mn)2-based are very 
promising. New Ti1.1(Cr,Mn,V)2 and Ti1.1(Cr,Mn,V,Fe)2 compositions were studied, and the 
influence of the substitution of Cr with Mn and Fe on the crystal structure and the sorption 
properties was investigated. Ti1.1Cr0.9Mn0.8V0.1Fe0.2 is estimated to release hydrogen at about 700 
bar at 150 °C. A possible integration of developed alloy in a metal hydride compressor was 
evaluated. 
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Introduction 
One of the most challenging issues of the ecological transition is the reduction of the 
environmental impact of the automotive and transport industry. Beside hydrogen’s advantage to 
be a clean and a renewable alternative fuel, it exhibits several limitations due to its high 
flammability, addressing new solutions for fast and reliable sensors systems able to detect 
hydrogen leakages down to few ppm. Since the last 30 years, departing from microporous 
sintered ceramic gas-sensors, our research group has recently developed a new class of 
hydrogen sensors based on few layers exfoliated 2D-van der Waals (vdW) materials based on 
Transition Metal Chalcogenides (TMDs) and Metal chalcogenides (MCs) that, like graphene, being 
all reacting surfaces, display extraordinary gas sensing properties toward a large variety of 
noxious gases comprising H2. Departing from few flakes exfoliated 2D-SnSe2, we report how 
spontaneous ambient degradation of 2D-SnSe2 can be prevented by a preliminary thermal 
treatment process, promoting the formation of an amorphous layer of a-SnO2 which passivate 
from further oxidation the underlying layer of 2D-SnSe2. We also show how the controlled 
oxidation process of layered 2D-SnSe2 can be extended to the “core” of the 2D flakes yielding, 
for the first time, 2D-Layered Amorphous Interfaces (2D-LAI) like 2D a-SnO2 with unexpected 
surface-science capabilities, probably well beyond gas sensing applications. 
 

Material and Methods 
Liquid-Phase Exfoliated few layers of SnSe2, were annealed in static air at 250°C to yield a-
SnO2/SnSe2 heterostructures and/or fully a-SnO2 oxidized 2D-flakes spin coated in thin film form 
over dedicated substrates and electrically tested to H2 (100 -500ppm in air carrier gas). 
 

Results 
Optimized thermal annealing of as-exfoliated SnSe2 (30nm thick and 500nm large), carried out at 
temperatures below the crystallization of a-SnO2 (≈280°C), leads to the partial or fully 
oxidation/amorphization of the exfoliated SnSe2 flakes. Annealed 2D a-SnO2 interfaces exhibit 
better and faster response to H2 gas than pristine exfoliated 2D-SnSe2. 
 

Discussion 
The thermally induced oxidation process of few flakes SnSe2 represent a suitable strategy to 
overcome the most significant limitation of TMDs and MCs interfaces represented by their 
spontaneous oxidation in air. Passivated surfaces account for both better sensitivities to H2 gas 
as compared to exfoliated SnSe2 and extraordinary long term stability properties of the 
electrical response over one year delivery. Fully a-SnO2 or partially amorphized a-SnO2/SnSe2 
heterostructures, maintain the same original shape of pristine 2D exfoliated SnSe2 (isomorphic 
amorphization) therefore preserving all the surface to volume advantages of the pristine 2D 
materials. 
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Introduction 
Nowadays, lowering the impact of energy production systems and the valorisation of wastes 
from industrial chains need to be addressed. In this work, ultrasmall γ-Fe2O3 nanoparticles 
embedded in mesostructured silica (meso-SiO2) supports were prepared and tested as sorbents 
for H2S from syngas for their use in an integrated gasification combined cycle (IGCC) plant. 
Indeed, the gasification of coal and biomass leads to the conversion of sulfur into toxic H2S, and 
desulfidation processes are mandatory. Mid-temperature removal techniques were proposed 
instead of more problematic 40−50 °C conventional treatments. Among the H2S active phases, 
the low-cost, biocompatible, eco-friendly iron oxides can be homogenously spread within inert 
meso-SiO2 supports with high surface area, ensuring stability and regenerability of the mid-
temperature sorbents. To lower the environmental impact and costs, different processes were 
adopted for the synthesis of MCM-41. 
 

Material and Methods 
Different γ-Fe2O3@meso-SiO2 composites were prepared through two-solvent incipient 
impregnation strategy and tested for their H2S removal abilities. The meso-SiO2 in form of SBA-
15, MCM-41, MCM-48, were synthesised through sol-gel methods in the presence of templating 
agents, leading to supports with different pore size (6-7 nm for SBA-15, 2-3 nm for MCM-41), 
mesoporous order (hexagonal for SBA-15 and MCM-41, cubic for MCM-48), particles’ size 
(nano- versus submicrometric). The MCM-41 support was synthesised starting from both a 
conventional precursor (i.e., silicon alkoxide) and an industrial waste (i.e., hexafluorosilicic acid, 
FSA). All sorbents were characterized by XRD, TEM-EDS, TEM, HRTEM, N2-physisorption. 57Fe-
Mössbauer spectroscopy and DC magnetometry were used to characterise the active phase 
before and after usage as H2S remover. 
 

Results and Discussion 
The combined use of 57Fe-Mössbauer Spectroscopy and DC magnetometry allowed for 
ascertaining the presence of γ-Fe2O3 in the form of ultrasmall nanoparticles in all composites 
and showed their transformation into α-Fe2O3 after the first sulfidation-regeneration cycle. 
MCM-41-based sorbents, having the highest surface areas, showed improved removal ability 
with respect to the SBA-15 composite. The micrometric sorbent was found to be more efficient 
than the nanosized one, due to the low stability of the nanoparticles over time. MCM-48 was 
responsible for worst performances due to the thinner and fragile mesochannel walls. MCM-41 
with high surface area, narrow pore size distribution, high degree of porous order, and similar 
amount of Q2, Q3, and Q4 sites, was successfully synthesised from FSA. Moreover, both the 
templating agent and the mother solution were recovered for successive syntheses and a 
nanofluorite produced as an additional valuable product. 
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The EcoCIRC initiative is a collaboration agreement for the realization of a regional innovative 
pilot infrastructure to support the transition toward the Circular Economy. It is based on a net of 
four facilities (at POLIMI, UNIPV-UNIMIB, UNIMI, CNR-STIIMA) aiming to support the 
manufacturing industry in the recovery and reuse of functions and value from post-use Hybrid 
and Electric Vehicles, and to boost the introduction of new cross sectorial circular economy 
models for sustainable e-mobility. In particular, the UNIPV-UNIMIB facility R2BATT is a unique 
and innovative joint centre for technological transfer and collaboration for more sustainable 
technologies of recycling and reuse in the Li batteries field. More specifically, R2BATT addresses 
the whole value chain of the spent LIBs and recover of critical raw materials through several 
activities, namely: i) diagnostics of End-of-Life batteries, ii) development of batteries 
disassembly strategies, iii) development of recover, recycling/reuse of the battery’s materials, 
iv) life cycle assessment. Here, the EcoCIRC facility and recycling approaches are described and 
discussed by means of the analysis of some case studies. 
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Introduction 
The process of electrocatalytic reduction of carbon dioxide (CO2) in mild conditions is a great 
opportunity to convert H2O and CO2 into valuable products by using renewable electrical energy. 
Of particular interest is especially the possibility to control the conversion to form C2+ products, 
e.g., products with two or more carbon atoms. Typically, such type of products is associated with 
the presence of specific metals (Cu, especially), and the presence of specific crystal planes or 
nanostructures, giving for example coordinated CO species which can couple to form C2+ 
products. We showed that instead the formation of C2+ products is associated with creating 
conditions to have a higher surface coverage by CO2 and/or adspecies generated by its reduction. 
The presence or not of a liquid electrolyte in contact with the electrocatalyst is crucial because 
determines the concentration of such a species. 
 

Discussion 
We report here a study of CuxO/GDL electrodes for CO2 electrocatalytic reduction in the presence 
and absence of liquid electrolyte (gas- and liquid-phase operations) in terms of both catalytic 
reactivity in flow electrocatalytic cells having compact design (the two electrodes on the two 
sides of a Nafion membrane) and of in-situ electrochemical characterization by electrochemical 
impedance spectroscopy (EIS), cyclic voltammetry (CV) and chronoamperometry (CA). 
On the same electrocatalyst, the use of liquid- or gas-phase operations induces significant 
changes in the catalytic behaviour with the formation of C2+ chemicals present only in gas-
phase operations. Parallel tests by EIS, complemented by CV and CA measurements, evidence 
that the catalytic properties of these electrodes, and in turn the selectivity paths of CO2 
electroreduction, are largely determined from transport limitations rather than only from the 
intrinsic properties of the electrocatalysts. The analysis of EIS data also provides indications on 
the critical factors which are necessary to optimize to improve the performances out of the 
electrocatalyst properties itself. 
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Introduction 
In the frame of green-houses gas reduction, the development of CO2 capture and utilization 
technologies is recognized as a key-target to achieve carbon neutral economy by 2050 and 
attracted the attention of catalysis community in the optic to reduce emissions arising by the 
energy sector and develop circular economy approaches. In literature, lanthanum and cerium 
have been investigated as suitable promoters; however, their optimum loading might be different 
as a function of the support and preparation procedure, thus being still matter of debate. 
 

Material and Methods 
A series of catalytic materials have been prepared by classical and innovative synthetic routes 
i.e., sequential incipient wetness impregnation, co-impregnation, etc, by keeping a constant Ni 
loading of 13.6 wt.%, found as optimum from previous studies. Promoters loading have been 
varied in the range 0-37 wt.%. Both fresh and exhaust catalysts have been fully characterized by 
BET, XRD, FE-SEM, IR, UV-vis-NIR. The assessment of catalytic performances has been carried 
out at atmospheric pressure and by both increasing and decreasing the reaction temperature in 
the range 523-773 K in diluted conditions and by keeping a GHSV of 55000 h-1. 
 

Results 
Both series of catalytic materials have been found as active for the investigated reaction by 
achieving remarkable conversion and methane selectivities at low temperature and, approaching 
thermodynamic equilibrium at high temperature i.e., above 673 K. In La case, the results 
confirmed an effect on catalytic properties of the followed preparation procedure, in particular, 
sequential impregnation appears more effective than co-impregnation. Ce-based catalysts 
resulted more active than La-based ones and best methane yield is 92% at 623 K. 
 

Discussion 
Both La and Ce addition gave rise to materials active in Sabatier reaction and their promotion on 
catalytic activity is also remarkable if accounted for the required thermal stability, due to 
exothermicity of methanation reaction (-165 kJ/mol). La- promotion role is attributed to the 
ability to act as CO2 reactant reservoir, while the promotion due to cerium addition is currently 
under investigation. 
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Introduction 
In the present work it was investigated the catalytic behavior of nickel-based catalysts 
supported on ceria/zirconia, undoped and doped with lanthanum and neodymium 
(3,5Ni/Ce0.8La0.5Nd0.2Zr0.13O2-x), under different reaction conditions, e.g., steam reforming (SR), 
partial oxidation (POX) and autothermal reforming (ATR) of different fuels (methane, biogas and 
propane). 
 

Material and Methods 
The supports for the catalytic systems Ce0.8Zr0.2O2 (CZ80) and Ce0.8Zr0.13La0.5Nd0.2O2-x (dpCZ80) 
were prepared with a surfactant assisted method. The obtained supports were impregnated with 
a solution of nickel nitrate hexahydrate solubilized in ethanol and successively calcined under air 
flux at 500°C for 1 h. The nominal content of nickel is 3,5% in weight with respect to the support. 
The catalytic properties of these catalysts were evaluated at the temperature of 800°C, under 
atmospheric pressure, at GSHV= 120,000 h-1, using steam/carbon and oxygen/carbon ratio 
respectively S/C=2.5 and O/C=0.5 and in the case of autothermal conditions with the addition of 
H2S (100ppm) as a contaminant. 
 

Results and Discussion 
Catalysts have been extensively characterized by various analytical techniques, highlighting: i) 
the inclusion of lanthanum and neodymium into the fluorite structure, ii) the uniform dispersion 
of the various elements in the catalysts, and iii) the loading of metallic phase very close to the 
nominal content (3.5 0.2%). Both undoped and doped catalysts exhibited a well-defined cubic 
nanomorphology, albeit with significantly reduced dimensions for the doped sample, and lacked 
the segregation associated with lanthanum and neodymium doping. It appeared that the effect of 
doping on the reducibility of the catalyst was confined to a modest increase of the surface 
reduction at low temperatures. Doped catalyst only marginally enhanced the ATR conversion of 
methane, although no significant differences were induced by doping components for the SR of 
methane and in the POX condition, where the doping appeared to have a negative effect. Under 
ATR conditions, propane conversion was extremely high for both catalysts, indicating that the 
combination of steam and oxygen in the reagent stream plays a crucial role in boosting catalyst 
activity and stability. In the SR and POX conditions, the doped catalyst demonstrated more 
conversions than the unmodified catalyst. Due to neodymium and lanthanum doping, the doped 
catalyst dispersed nickel species on the surface with a higher concentration of defect groups and 
oxygen vacancies, preventing the formation of deactivating species (amorphous carbon and 
nickel sulphide) and resulting in a higher resistance to deactivation. Catalytic endurance testing 
demonstrated the positive effect of doped catalysts. Scaling up powdered catalysts in structured 
form that will be investigated as anode catalysts for SOFCs/SOECs systems will be of interest for 
future development 
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Introduction 
The depletion of fossil fuels is encouraging the scientific world to find renewable alternatives, 
and, in this context, the lignocellulose derived furfural is gaining particular attention for 
chemicals production. Its electrocatalytic conversion represents a compelling route for obtaining 
high added value chemicals, operating in aqueous solution and at ambient pressure and 
temperature. Moreover, the possibility to catalyze the reaction s with metal free catalysts is a 
valid alternative to common catalysts based on precious metal. Hence, the synthesis of 
nanostructured carbon-based catalysts, their characterization and application as anodes in the 
furfural electrocatalytic oxidation are here reported. 
 

Material and Methods 
Carbon materials (STC01 and STC02) were synthesized starting from mesoporous silica SBA-15 
template, using two carbon precursors: furfuryl alcohol and glycerol, respectively. Synthesis 
were conducted in acidic conditions, heating the solutions(100°C/6h). The solid obtained was 
filtered and dried and then treated under N2(800°C). The silica template was removed by 
suspending the solid in HF. Carbon replica were characterized by XRD, BET and SEM/EDX, prior 
their use as anodes in the furfural electrocatalytic oxidation. The electrocatalytic behavior was 
evaluated for 1h using a flow cell in the1.2-1.5Vvs Ag/AgCl potential range in different 
electrolytes (1M KOH, 0.25M HClO4, 0.5M H2SO4). Liquid products were identified by HPCL 
instrument equipped with a PDA detector. 
 

Results 
XRD and SEM/EDX analysis showed the presence of carbon materials, with only traces of silica. 
N2 physisorption measurements evidenced a mesoporous component for STC02 (SBET=1160 m2/g) 
and a macro-mesoporous structure for STC01 (SBET=459 m2/g). Chronoamperometric detections 
revealed the formation of different products depending on the reaction medium 5 
hydroxyfuranone (5 HFN) and maleic acid (MA) in acidic conditions while furoic (FA) and MA in 
1M KOH. 
 

Discussion 
Nanostructured carbons with noteworthy electrical conductivity and high surface area represent 
promising metal-free catalysts. The results of their electrocatalytic activity reveal a good 
attitude for furfural oxidation (50% FF conversion) to different valuable products, normally 
obtained by using metal containing catalysts. Good performances were achieved in acidic media, 
showing a selectivity around 45% for 5-HFN, key constituent in many biologically active 
compounds and synthesized by thermo-catalytic oxidation of high-cost compounds. Therefore, 
these results open new perspectives for the electrocatalytic application of these metal-free 
materials in the valorization of lignocellulose-derived furfural. 
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Introduction 
Aqueous electrodes preparations have been studied in recent years especially for electrodes 
used in conventional cells with organic electrolytes. To improve the sustainability of the 
manufacturing process and electrodes, water soluble binder could be used and modified for 
electrodes operating in aqueous electrolytes. Chitosan, a bio-based polymer, has already been 
evaluated as a water-soluble binder. In this work, we propose a sustainable and cheap 
modification of chitosan with maleic anhydride (MA) as a binder for electrochemical devices 
working with aqueous electrolytes and evaluate the feasibility of electrode materials recycling 
with simple processes avoiding hazardous solvents. 
 

Material and Methods 
The MA modified binder was characterized by thermogravimetric analysis and attenuated total 
reflection infrared spectroscopy. The stability test was carried out by preparing self-standing 
electrodes based on activated carbon, which were tested in symmetrical cell with different 
aqueous electrolytes at different current densities, and over prolonged galvanostatic charge and 
discharge cycles. Electrode recycling was performed employing sonication and centrifugation 
processes in aqueous solution. 
 

Results and Discussion 
Electrodes with MA modified chitosan binder displayed lower resistances and higher 
electrochemical performances compared to previous electrodes with chitosan binder modified 
with N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide. They exhibited 99% coulombic efficiency 
at different specific currents, and ca. 150 F g-1 specific capacitance at 0.5 A g-1. These 
electrodes showed good stability over 5000 cycles, with a capacitance retention of 93%. The 
employment of modified chitosan binder for capacitive electrodes working in aqueous systems 
has been demonstrated, as well as the possibility of an easy and environmentally friendly 
recycling of electrodes materials.  
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Introduction 
Hydrogen has a critical role in enabling European countries to achieve net-zero carbon targets. 
Hydrogen production via water splitting, using an electrolyser, is considered the "greenest" way 
because it does not produce any direct carbon emissions when powered by renewable sources. 
Currently, two commercial low-temperature water electrolyser technologies exist: alkaline and 
proton exchange membrane (PEM). Compared with liquid alkaline systems, the PEM electrolysis 
allows for a higher operating current density, better efficiency, and dynamic behavior, and is 
favorite in terms of safety and high gas purity. On the other hand, PEM electrolysers use a 
significant amount of critical raw materials. Anion Exchange Membrane electrolysers combine 
the advantages of both technologies in terms of the higher purity of generated H2, better 
efficiency and dynamic behavior. Furthermore, they can use inexpensive catalysts. 
 

Material and Methods 
NiFe2O4 catalyst was obtained by a sol-gel method. This methodology was chosen because it is 
flexible, allows working in an aqueous environment, and can be carried out at low temperatures 
and pressures. Nickel and iron nitrates in suitable stoichiometric ratios were added in successive 
steps to the oxalic acid solution. An oxidizing solution of hydrogen peroxide was then added. The 
obtained precipitate was first filtered and then dried for 12 h. The final calcination phase was 
carried out in an oven at 350°C for 2 h. The anodic electrode was prepared mixing, under 
sonication, an exact amount of the catalyst with 20 wt. % of an ionomer (FAA3 from FuMaTech). 
The obtained ink was then applied by spray coating technique directly onto a Fumasep® FAA3-50 
membrane (FuMaTech) surface (catalyst-coated membrane, CCM), with a loading of 3 mg/cm2. 
The cathodic electrode was made using a commercial Platinum on carbon (40% Pt/C), with 0.5 
mg/cm2 Pt loading. A Ni felt was coupled to the CCM at the anode for all the Membrane-
Electrode Assemblies (MEAs) manufactured.  Electrochemical characterizations were carried 
out in a temperature range between 30-60°C. 1 M KOH solution was supplied by a peristaltic 
pump to the anode compartment of the single cell, with a flow rate of 5 ml/min. 
 

Results 
NiFe2O4 catalyst was synthesized by a liquid-phase method producing a spinel structure with a 
crystallite size of about 3.3 nm. The formation mechanism and the size of the crystals are due to 
both reagents’ molar ratio and the dilution ratios. The calcination temperature of 350°C was 
chosen in order to obtain nano-sized particles. The MEA based on the synthesized NiFe2O4 
catalyst at the anode reached a current density of 3 A/cm2 at 60°C and 2.2 V, higher than NiO and 
IrO2 commercial catalysts. Moreover, a chronoamperometric test of 120 h highlighted a good 
stability of the synthesized catalyst. 
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Introduction 
The temperature-dependence of the optical properties of vanadium dioxide (VO2) offers great 
advantages for the thermal regulation of buildings, if VO2 is employed as a thin film on 
thermochromic smart windows. At room temperature, both the visible and NIR components of the 
solar spectrum are transmitted through the thin film. Above a specific transition temperature (Tc), 
which can be properly tuned, VO2 undergoes a structural and electronic variation, which leads to a 
partial NIR reflection. A critical aspect of VO2 thin films obtained by wet chemistry concerns the 
crystallization step. The conventional thermal annealing requires temperatures above 500°C and 
controlled atmosphere. An alternative is offered by UV laser annealing. In the latter, the absorption of 
high energy photons induces photo-thermal effects in the film, without involving the substrate. 
 

Material and Methods 
A green sol-gel synthesis based on vanadyl acetylacetone was employed for the deposition of 
amorphous VO2 thin films. The latter were irradiated with a KrF excimer laser in air at room 
temperature. First, the influence of drying temperature, laser energy density and number of laser 
pulses on the final film properties was studied on silicon substrate by XPS, SEM, XRD and 
ellipsometer characterizations. The thermochromicity of VO2 films on quartz was then evaluated in 
function of temperature with a UV-Vis-NIR spectrophotometer. Simulations were used to verify the 
temperature distribution within the films, during single laser pulses at increasing fluence values. 
 

Results 
The laser-induced crystallization was reached within 60 s irradiation in air at ambient temperature, 
after a 10 min pre-treatment at 300°C. Threshold laser parameters to induce VO2 crystallization 
whilst at the same time avoiding surface melting were identified, by combining experimental results 
with simulations on the temperature distribution during laser irradiation. The thermochromic 
properties of the lasered thin films were comparable or higher with respect to purely thermally 
annealed ones. The temperature profile simulations throughout the film evidenced a negligible 
substrate heating during laser irradiation. 
 

Discussion 
Respect to conventional furnace annealing, the crystallization temperatures and the annealing time 
were substantially reduced with laser annealing, without undermining the thermochromic 
performance. This guarantees remarkable advantages in terms of energy-savings processes. The 
negligible substrate heating during laser irradiation widens the substrate choice for the deposition of 
thermochromic VO2 thin films. The thin film crystallization by unconventional laser annealing opens 
multiple possibilities to exploit the MIT of VO2 for several applications, from smart windows to flexible 
electronics to metamaterials. 
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Introduction 
Anionic Exchange Membranes (AEM) Water Electrolizers (WE) are gaining strong interest due to 
the possibility to exploit of PGM-free catalysts, attaining a reduction of capital-costs associated 
with green hydrogen production. The main limitation to the development of these devices is the 
poor stability of AEM in alkaline environment. Poly(aryl piperidinium) (PAPs) AEMs have an 
heteroatom-free aromatic backbone and piperidinium cationic group which allows a good alkali 
resistance. Here we present a work on synthesis, characterization and WE cell tests of the 
simplest and cheapest PAP: Poly(biphenyl piperidinium (PBP). 
 

Material and Methods 
Biphenyl and 1-methyl-4-pirrolidone are dissolved in DCM, TFA and triflic acid are slowly added 
under mechanical stirring at 0°C. The reaction is kept under stirring at 0°C for 7h. after 
precipitation in 1M KOH, washing and drying a white precipitate is obtained. The product is 
quaternized with CH3I in DMSO for 24h at RT. PBP membranes are obtained through solvent 
casting of a 5% PBP solution of DMSO. NMR, TGA, DSC, Water Uptake (WU) and Swelling Ratio 
(SR), True hydroxide conductivity measurements, aging and WE cell tests were performed on 
PBP AEMs. 
 

Results 
Robust PBP membranes of thickness down to 15 μm were obtained, these attained high 
conductivities of 185 mS/cm at 80°C and 95% RH. Degradation tests in 1M KOH at 80°C for 360h 
showed only small traces of cationic group loss. Excessive values of WU (>280%) and SR (>40%) 
were although measured. WE cell tests attained a current density of 2.8 A/cm2 at (2V, 60°C) 
 

Discussion 
Improved polymerization parameters led for the first time to the synthesis of robust AEMs with 
this basic chemistry. A detailed characterization of PBP membranes is provided. WE cell tests 
showed better performances than a similar commercial membrane the same measurement 
conditions. The excessive WU and a weakening of mechanical properties above 70°C are a limit of 
this membrane. Chemical and physical modifications to solve this drawbacks and innovative 
electrochemical degradation tests are proposed as future studies. 
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Introduction 
The compounds belonging to the family of perovskites show a great variety of mechanical, 
magnetic and optical properties, and for these reasons are nowadays key materials for many 
technologies, including photovoltaic solar cells and photocatalytic systems. Among them, all-
inorganic halide perovskites (AIHP) represent an emergent class of material, which has many 
advantages, such as high stability, outstanding optical properties and low-cost. In particular, our 
attention is devoted to the synthesis of the all-inorganic CsPbBr3 system. 
 

Material and Methods 
Herein we report a novel solution method, which represents a facile, one-step, room 
temperature and surfactant free approach to the synthesis of CsPbBr3 perovskite. The phase has 
been obtained using the β-diketonate complexes [Pb(hfa)2diglyme]2 and Cs(hfa) (Hhfa = 
1,1,1,5,5,5-hexafluoro-2,4-pentanedione; diglyme = 2-methoxyethyl ether) in ethanol solution, 
and Br2 as precipitating agent. The growth of CsPb2Br5 microcrystals has been obtained and 
stabilized as well under specific synthetic conditions. The procedure has been applied for the 
deposition of CsPbBr3 films through a spray coating process. 
 

Results 
A careful optimization of the process parameters, such as molar ratio of the starting mixture, 
aging time and annealing temperature, has allowed to produce, selectively and reproducibly, 
pure CsPbBr3 also in form of thin films on several substrates through spray coating depositions. 
Structural, morphological and compositional analyses of the final products have been addressed 
through X-ray diffraction (XRD), field-emission scanning electron microscopy (FE-SEM) and 
Energy Dispersive X-ray (EDX) analyses. 
 

Discussion 
The characterizations have been carried out on the different products obtained as a function of 
the solution aging time. The FE-SEM images display a homogeneous morphology of cubic grains 
of CsPbBr3 in the dimension range of 1−3 μm. The shape of the crystals is quite regular, but the 
size distribution is not very narrow, as a consequence of the surfactant-free approach. No 
significant change in terms of morphology has been observed for the CsPb2Br5 sample. The 
precipitation method has been combined with a spray coating deposition allowing the 
optimization of a straightforward process to produce compact CsPbBr3 films on a large area on 
several substrates under mild conditions. Structural characterization through XRD analyses 
displays the formation of pure nanocrystalline CsPbBr3 films on all the substrates tested, i.e., 
glass, Si, and flexible PET. Preliminary measurements evidence promising photocatalytic 
properties of both the CsPbBr3 and CsPb2Br5 phases, paving the way to their massive use as 
heterogeneous catalysts in the degradation processes of organic species 
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Introduction 
Ceria can reduce to nonstoichiometric CeO2-δ, undergoing partial and reversible reduction at 
elevated temperatures, making it an ideal material for the solar thermochemical fuel production 
(STFP) of renewable fuels from the splitting of water to produce H2, or splitting CO2 to CO for the 
production of synthetic sustainable fuels. Ceria has the required redox capabilities, is thermally 
stable and resistant to sintering during thermochemical cycling over the typical 900-1500 °C 
temperature range used, has an unusually high entropy change associated with oxygen exchange 
resulting in lowered temperature swings between the reduction and oxidation steps compared to 
other non-stoichiometric redox materials, has rapid reaction kinetics and oxygen diffusion rates. 
Macroporous robocast (additive manufacturing/3D printed) ceria structures in the form of 
“woodpile” type scaffolds should be ideal for such applications. 
 

Material and Methods 
Commercial 5 μm ceria powder was made into a suitable robocasting paste/ink with additives 
(~40% volume solids loading), and ceria scaffolds were 3D printed layer–by–layer via 
robocasting (direct writing), extruded through a 510 μm nozzle. CeO2 catalyst scaffolds were 
fabricated as 50 mm diameter discs (struts and voids ~500 μm), sintered at 1450 °C, with specific 
surface area of 1.58 m2/g. They were characterised by X-ray diffraction (XRD), scanning electron 
microscopy (SEM), surface area and porosity measurements by N2 adsorption isotherms, 
dilatometry and thermogravimetric analysis (TGA) performed in controlled atmospheres for 
two-step CO2 splitting. 
 

Results and Discussion 
Here the first ever robocast sintered ceria scaffolds were produced, and they were also explored 
for the first time for use in STFP of renewable fuels (carbon dioxide splitting). These scaffolds 
have hierarchical porosity, the macroporous scaffold structure combining with nanoscale 
porosity within the ceria struts, with mesopores <75 Å and an average pore size of ∼4 nm, and 
microporosity <2 nm with a microporous surface area of 0.29 m2/g. The ceria grains were ≤500 

nm in diameter after sintering. STFP testing was carried out via TGA with reduction between 
1050-1400 °C under argon, and oxidation at 1050 °C with 50% CO2, gave rapid CO production 
during oxidation, with high peak CO production rates (0.436 μmol/g/s, 0.586 ml/g/min), for total 
CO yield of 78 μmol/g (1.747 ml/g). 90% CO was obtained after just 10 min of oxidation, 
comparing well to reticulated ceria foams, this CO production rate being an order of magnitude 
greater than that for ceria powders when tested at similar temperatures. 
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Introduction 
Nanochemistry provides colloidal nanoparticles (NPs), characterized by diverse and tuneable 
physical chemical properties and easy solution processability for the build-up of next generation 
devices. Great attention and efforts have been devoted towards wet chemical syntheses of 
functional NPs able to offer by means of fine tuning of the reaction conditions a great control 
over the NP geometry and compositions, and, hence, NP optical, electronic, and surface 
properties. In this context, this work aims at providing an overview of the recent results achieved 
in the synthesis, via solution approaches under mild reaction conditions, and characterization of 
two class of colloidal semiconductor NPs: all-inorganic lead halide perovskite (i.e., CsPbBr3) and 
metal oxides (i.e., SnO2), to be exploited in the energy conversion field and photocatalysis. 
 

Material and Methods 
Mild reaction condition based on polar solvent-free room temperature ligand-assisted 
reprecipitation (LARP) methods were exploited to achieve colloidal CsPbBr3 NPs, starting from 
Cs2CO3 and PbBr2 in the presence of different coordinating (oleyl amine, oleic acid, alkyl 
phosphonic acid, OPA didodecyl dimethyl ammonium bromide, DDAB) and solvation agents 
(tetraoctyl ammonium bromide and phosphine oxide), towards high yield-production of NPs and 
enhanced optical properties in terms of fluorescence (PL) quantum yield (QY). Metal oxide SnO2 
nanostructures were synthesized by precipitation methods from SnCl4 precursors in alkaline 
environment set by NaOH of ammonia solution. Geometry, optical properties, surface chemistry 
were tuned by experimental conditions and the results compared with those attained by 
conventional protocol carried out under controlled atmosphere condition. 
 

Results and Discussion 
The ionic nature of colloidal CsPbBr3 NPs makes their long-term stability a crucial bottleneck for 
their application. Moreover, the low concentration limits their translation from bench to 
industrial processing. Here, a LARP procedure and the balance between coordinating/solvation 
agent composition and purification steps has been developed to obtain surface-capped CsPbBr3 
NPs. DDAB ligands tightly bind to the NP surface and OPA/DDAB ligands has provided NPs with 
colloidal and optical properties stable over month. SnO2, selected as metal oxides applied in 
photocatalysis, sensing and as an electron transporting layer in solar cells, have been 
synthesized in the form of spherical NPs or rod- or flakes- likes nanostructures by controlling 
the heating steps under atmospheric condition, resulting in a low-cost shape-controlled 
procedure bringing NPs featuring characteristic structural and optical properties. 
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Introduction 
Thermosets are used in several large-scale applications, including electronics, structural 
composites and adhesives. However, their non-recyclability poses environmental problems, 
whose solution asks for sustainable alternative materials. The circular economy concept imposes 
to re-think the way a product is designed to be reused, repaired, remanufactured and recycled, 
limiting immediate disposal after their life cycle, with impact on waste reduction and 
consumption of critical raw materials. The recent introduction of vitrimers bridges the gap 
between thermosets and thermoplastics by combining the mechanical properties of the former 
with the ability of being reprocessed of the latter. The two major routes to vitrimers are 
thermoreversible dissociative networks (e.g. via H-bonding) and reversible covalent bonds, also 
known as Covalent Adaptable Networks (CAN). 
 

Results and Discussion 
Here I will present the work carried out in my group in the recent years to produce both 
polyethylene (PE) and phenoxy resins vitrimers. Depending on the type of bond exploited and the 
dynamics of reversibility or exchange, a wide span of materials properties can be targeted. 
Aiming at melt-processable materials, requiring limited viscosity at processing temperature, two 
different routes have been selected, namely by the exploitation of thermoreversible hydrogen-
bonds and selected CANs. Thermoreversible bonds guarantee for lower viscosity of the polymer 
matrix during melt mixing at temperature high enough to cleave the crosslinks. This can be 
obtained via hydrogen bonding, giving rise to strong yet kinetically labile interactions, 
progressively weakened with increasing temperature and easily reformed upon cooling to lower 
temperatures. On the other hand, in CANs, processability as a melt is dependent on the kinetics 
of exchange reactions. Among the different options for exchangeable crosslinking, vinylogous 
urethane and silyl ether exchange chemistries have been chosen, based on their tailorable 
exchange dynamics, depending on the chemical structure of the crosslinkers. Our approach to 
produce covalent associative networks foresees the introduction of silyl ethers and vinylogous 
urethanes as dynamic cross-linkers connecting the free OHs present in PE-HEMA (co-polymer 
of ethylene and a small amounts of 2-hydroxyethyl methacrylate) and in phenoxy resin. Both 
chemistries are amenable to be implemented in the reactive extrusion process for the industrial 
preparation of the corresponding vitrimers. Beside, a complementary approach to produce 
thermoreversible networks, foresees the formation of H-bonded vitrimers, in which the dynamic 
cross-linking units are networks of multiple H-bonds obtained through the homodimerization of 
ODIN, a sextuple H-bond donor/acceptor unit, covalently linked to PE-HEMA and phenoxy resins. 
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Introduction 
Poly (lactic acid) (PLA), poly (butylene adipate-co-terephthalate) (PBAT) are two examples of 
biodegradable thermoplastics. Although PLA is a polymer suitable for various manufacturing 
techniques, it has some limitations such as low toughness and inherent brittleness. For this reason, it 
is used in combination with other polymers to mitigate these drawbacks. Blending with PBAT could 
improve ductility due to its high toughness in complete biodegradable formulations. If the addition of 
PBAT contributes to reduce the brittleness of PLA, the mechanical strength does not show 
improvement with values intermediate to those of the neat polymers because of the poor 
compatibility between them. Therefore, it is necessary to use a reinforcing agent to improve the 
mechanical performance without compromising the biodegradability of the final product. In this 
context, more attention has been paid to the use of natural materials of plant origin (flax, jute and 
hemp) as fibers or fabrics that promote good mechanical properties in lightweight and biodegradable 
products. In this work, a commercial PLA / PBAT blend was used as a polymer matrix and flax fabric 
as reinforcing material for the production of biodegradable composites. 
 

Material and Methods 
Commercial PLA/PBAT blend with a composition of 20 wt.% and 80 wt.%, respectively, and flax fabrics 
were used for the manufacture of composite laminates. In particular, eight plies of fabric were 
interleaved with polymeric films and the laminates were produced by hot compression molding 
applying the film stacking technique. The composites were subjected to Low Velocity Impact (LVI) 
tests at energy levesl in the range of 2 J - 10J using a drop-weight impact testing machine. The tests 
were conducted at different temperatures (25 °C and -50°C) and the dent depth of specimens after 
the impact test was measured by non-contact laser profilometer. In addition, mechanical properties 
(tensile, flexural and dynamic mechanical analysis) and thermal stability (thermogravimetric 
analysis) of composites were also investigated and compared to those of the neat the polymer blend. 
 

Results and Discussion 
The laminates featured a significant enhancement of damage resistance and tolerance to an impact 
event with respect to the polymer blend: this was confirmed by the increase in the maximum peak 
force of approximately 128% (2 J), 130% (6 J) and 135% (10 J) at 25 °C and 99% (2 J) and 95% (6 J) 
during tests at -50 °C. Perforation of PLA/PBAT specimens occurred at 4 J (-50°C) and at 6 J (25°C) 
while composites were not perforated at 6 J with permanent indentation values of about 601.40 μm 
(impact at 25 °C) and 184.00 μm (-50 °C). The presence of flax fabrics revealed its positive 
contribution also during static tests and, as an example, the tensile strength of the laminates 
increased by more than 400 % with respect to the PLA/PBAT and the Young’s modulus from 176.91 
MPa (PLA/PBAT) to 4.33 GPa (PLA/PBAT/FLAX). Such results highlight the feasibility of manufacturin. 
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Introduction 
In the recent years, the concerns related to the environmental issues stimulated an increasing 
interest towards the application of biodegradable polymers. However, the use of these 
renewable resources, in alternative to the conventional petrochemical derived products, has 
some disadvantages such as limited thermo-mechanical properties. A possible and effective 
method to overcome some biopolymers limitations is the development of bio-based polymer 
blends. 
 

Material and Methods 
PLA was supplied in pellets by IngeoTM Natural Natureworks (Minnetonka, MN, USA) under the 
trade name PLA 3251D. PHB was manufactured by Aonilex, KANEKA Biopolymer (Osaka, Japan) 
under the trade name PHBX151A. Span TM 80-LQ-(RB) is a sorbitan ester, and Tween TM 80-LQ-
(CQ) is an ethoxylated sorbitan ester. Synperonic (Syn) is a polyalkylene oxide block copolymer 
in the form of flakes (at 25 °C). All the compatibilizers are commercialized by CRODA. Cloisite 5 
bentonite organomodified with bis(hydrogenated tallow alkyl)dimethyl salt (CL) was supplied by 
BYK Additives & Instruments, ALTANA. 
 

Results and Discussion 
Blends based on PLA and PHB polymers were prepared by melt blending using a twin screw 
extruder and different amounts of natural compatibilizers and nanoclay were added. The 
morphology of the blends and their thermal, mechanical, and rheological behavior were 
evaluated, aiming at assessing the influence of the selected compatibilizers, the role of nanoclay 
and the different process parameters on the microstructure and final properties of the systems. 
Morphological analyses of the compatibilized blends indicated that Span-Tween surfactant is 
effective in inducing morphology refinement, as also suggested by results coming from 
rheological measurements. Furthermore, thermal analyses demonstrated that the presence of 
both kinds of compatibilizers induced an enhancement of the crystallinity content of blends. 
Finally, a remarkable increase of the elastic modulus values was obtained for the compatibilized 
blends as compared to the pure counterparts, with a consequent significant enhancement of the 
HDT values. The nanofilled blend was processed considering three different screw profiles and 
particularly the presence of backflow and distribution elements in the screw profile, high shear 
stresses are induced during the processing able to allow a better interaction between polymers 
and clay. This finding also occurs in the thermo-mechanical properties of material, as an 
improvement of storage modulus up to 20% in filled blend processed with a specific screw 
profile. Rheological studies were able to explain the different blend morphologies and the role of 
chemical and processing variables. 
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Introduction 
In the last decades the increased usage of antibiotics not only for medical reasons, but also in 
agriculture, aquaculture and wastes of drug-processing companies have importantly contributed 
to the increasing of antimicrobial pollutants in wastewater and the consequent human 
antimicrobial resistance. The conventional wastewater treatments are not suitable to fully 
eliminate antimicrobial compounds from wastewater. For this reason, it is herein proposed a 
poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV)/copper sulfide (CuS) composites, which 
can photodegrade organic molecules under visible light, thatks to the narrow bandgap of CuS. It 
is noteworthy that both matrix and inorganic particles can be derived from waste valorization 
thus making the presented material very sustainable. 
 

Material and Methods 
Composites made of PHBV as polymeric support and CuS (15 wt.%) as photocatalyst were 
prepared both in film and porous structure. After the dissolution of PHBV in dioxane and the 
consequent dispersion of the CuS particles by dip-sonication the two types of samples were 
prepared. Specifically, (I) films were prepared by solvent casting, whereas (II) porous 
architectures were fabricated by thermal induce phase separation (TIPS) method. 
 

Results and Discussion 
The PHBV/CuS samples show a photodegradation activity against tetracycline (as model 
antibiotic) that achieves the 100% of efficiency within 180 min of visible light irradiation. Full 
photodegradation is also achieved irradiating, for 240 min by visible light, a solution containing 
both methylene blue and tetracycline. Moreover, the prepared composites can be also reused 
several times, reaching 100% of degradation efficiency even after 5 cycles. The reusability 
investigations have also revealed an enhancement of photodegradation rate within the second 
cycle, since 100% of pollutant degradation was achieved up to 60 min quicker compared to the 
data obtained during the first cycle (180 min). The presented photodegradation of organic 
pollutants catalyzed under visible light by composites produced from waste feedstocks 
valorization represents a sustainable method to address current open issues concerning 
wastewater purification. The simplicity of the proposed system and the only need of visible light 
to be activated are important factors that make to expect an affordable scaleup. Herein, model 
pollutants have been used as proof of concept to demonstrate that different types of organic 
molecules can be efficiently degraded even simultaneously when they are mixed. This suggests 
that several other types of organic pollutants can be degraded using the PHBV/CuS composites, 
thus opening up a novel route to exploit biopolymer-supported semiconductor particles for 
water remediation, which also allowed to avoid further step at the end of the photodegradation 
process (such as filtration) to remove the photocatalyst particles from the treated solution. 
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Introduction 
Thermoplastic continuous-fiber composites have emerged as strong competitors of their 
thermosetting counterparts, as they can be more easily recycled, post-thermoformed, repaired, 
and welded, exhibit an infinite shelf life, and feature higher toughness and impact properties. 
However, the high viscosity of polymer melts may hinder a full impregnation of the 
reinforcement. An effective solution is represented by reactive processing techniques such as 
liquid composite molding (LCM): the reinforcement is impregnated with a low-viscosity 
monomer, which is then in-situ polymerized thanks to catalysts and/or moderate heating. This 
work aims to employ the in-situ anionic polymerization of caprolactam (CL) to produce 
thermoplastic composites having a polyamide 6 (PA6) matrix and continuous fibers of different 
types. The properties of the prepared composites were investigated to evaluate the 
microstructural features, the degree of conversion, and the mechanical properties as a function 
of the processing parameters and the type and amount of continuous fibers. 
 

Material and Methods 
CL (AP-Nylon, Bruggeman S.A.) was melted in a round-bottom flask at 110 °C under nitrogen 
flow, and then commercial initiator and activator (C10 and C20P, Bruggeman S.A.) were added in 
a variable concentration. The stirred mixture was injected in a mold preheated at a variable 
temperature (140-170 °C) containing the reinforcing fibers, and left polymerizing for 20 minutes. 
 
 

Results and Discussion 
The microstructural evaluation showed that the CL was able to fully impregnate most of the 
selected fiber types. All prepared composites showed little unreacted CL (<2%), measured 
through thermogravimetric analysis (TGA) as the mass loss at 250 °C. Unreacted CL decreased 
with an increase in the content of activator and initiator and was higher for the composites than 
for the neat PA6 samples, probably because the contact with the fiber surface hindered the 
polymerization of CL. Tensile tests on the PA6 samples showed that optimal mechanical 
properties were found at intermediate polymerization temperatures (150-160 °C) and low 
initiator and activator concentrations. The characterization of the fiber-reinforced composites 
showed that the elastic modulus generally followed the mixture rule in the fiber direction. This 
work evidenced the advantages of in-situ anionic polymerization as a method to produce 
continuous-fiber-reinforced thermoplastic composites. The process proved feasible with several 
types of reinforcing fibers. Future works will deal with a detailed characterization of the 
interfacial fiber/matrix adhesion as a function of the polymerization parameters and the fiber 
type. 
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Self-healing capability, intended as the ability to repair damages and restore partially or 
completely the lost properties and functions, has been already demonstrated in many types of 
polymers including thermoplastics, elastomers, and thermosets. Thermoplastic polymers have 
demonstrated an ability to heal after heating above their melting temperature by molecular re-
entanglement processes across the broken surfaces. In recent years, a lot of efforts were put on 
the development of new healing systems for thermosetting polymers. In extrinsic healing 
systems, the process is not completely autonomous, thus an external heating source is required 
to melt/soften the thermoplastic material, which then can flow, by capillary forces, toward the 
cracked area and repair the system. This presentation aims at showing the development of 
innovative self-healing materials capable of partially restoring their mechanical properties 
under the conditions of prolonged periodic loading and unloading, which is characteristic, for 
example, of aerospace applications. Composite materials used in these, and many other 
applications frequently reveal multiple defects stemming from their original inhomogeneity, 
which facilitates micro-cracking and delamination at ply interfaces. In the first stage, epoxy/PCL 
systems were developed through 3D printing and the multifunctional properties of the resulting 
materials were systematically compared in terms of healing capability and fracture behavior, 
both under quasi-static and impact mode. After a mechanical characterization of the 
constituents, the mechanical features of the prepared systems were correlated to their 
microstructural properties. In EP-PCL system, thanks to additive manufacturing, the two phases 
behaved in an independent way and the fracture propagation of the epoxy constituent was 
followed by the progressive yielding of the PCL phase. Therefore, the fracture toughness of 
these samples was slightly lower with respect to that observed for the EP-PCL system, but the 
toughening effect was still present. Interestingly, impact tests highlighted that, even if the impact 
energy detected for the EP-PCL sample was much higher than that obtained for the neat epoxy, 
it was more than 50% lower with respect to that shown by the EP-PCL(3D) blend. The phase 
separation during the tests allowed the tough PCL phase to express its full potential in impact 
energy absorption. In a subsequent stage, electrospinning was employed to deposit a thin layer 
of thermoplastic PCL on carbon fiber fabric. The obtained coated fiber nets were used to 
produce fiber-reinforced composite with self-healing capability. Delamination and fracture 
propagation were studied, and the self-healing mechanism was deeply investigated. 
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Introduction 
The eco-design and synthesis of durable heterogeneous catalysts starting from renewable 
sources derived from biomass waste represents an important step for reducing environmental 
impacts of organic transformations. Herein we report the use of an eco-safe cellulose-based 
organic material (CNS), obtained by the thermal cross-linking of TEMPO-oxidized cellulose 
nanofibers with branched polyethyleneimine and citric acid. This material can be used as is as 
basic organocatalyst or alternatively can be efficiently loaded with different metals for 
heterogenous catalysis in organic synthesis. 
 

Material and Methods 
The combination in water solution of TEMPO-oxidized cellulose nanofibers (TOCNF) with 
branched polyethyleneimine (bPEI) and citric acid (CA), and the thermal treatment of the 
resulting hydrogel, leads to the synthesis of a nano-porous cellulose nano-sponge (CNS). 
Thanks to the great ability toward metal chelation of CNS, this material can be successfully 
loaded with Cu (II), Zn (II) and Pd(II) metal ions. Efficiency and homogeneity of metal-loading is 
confirmed by Scan Electron Microscopy (SEM) analysis with Energy dispersive X-ray 
spectroscopy (EDS) detector and by Inductively Coupled Plasma-Optical Emission Spectrometry 
(ICP-OES) analysis. 
 

Results 
The CNSs were applied as heterogenous catalysts in some organic transformations for the 
selective formation of C-C bonds. The metal free CNS was used as basic organocatalyst for 
Henry and Knoevenagel reactions. The Cu(II)/Zn(II) loaded material showed a very good activity 
in the formation of acetals from aldehydes, whereas the Pd(II) loaded catalyst has been used for 
the Suzuki coupling at a very low loading (0.05% mol). In all cases the products were obtained in 
good yields, and the catalyst could be reused after recovery upon simple filtration. 
 

Discussion 
Reactions involving the C-C bond formation are of great value in organic synthesis and the use 
of heterogeneous catalysis is highly desirable for the easy recovery of the product. Moreover, 
when metal catalysis is involved, an efficient removal of the metal is required, for medicinal 
chemistry applications and heterogeneous catalysis can avoid this issue. CNS have proved to be 
very effective toward this scope. More recently, a new approach for the crosslinking of PEI with 
di-isocyanates has been investigated to produce more stable and performing materials The 
application of free and metal loaded CNS and PEI materials allowed to achieve the synthesis of 
different intermediates toward the synthesis of API (active pharmaceutical ingredients) as 
Trimethoprim (antibiotic), Pregabalin (antiepilectic) and Ethosuximide (antiparokinson). 
Preliminary studies showed the possibility to use the heterogenous catalyst in a continuous 
process thus opening the way toward the application in flow chemistry. 
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Introduction 
New technologies for the valorization of vegetable wastes can create opportunities to reduce the 
environmental concerns associated with its disposal and create new opportunities for economic 
development. The food industry generates waste in all the steps of the supply chain. The costs 
associated with its disposal and the low revenues obtained with current utilization, make its 
valorization an open problem. New processes could lead to the creation of circular economy 
systems in which vegetable biomass is seen not as a waste but as a raw material for another 
sector. In this contribution I will illustrate our most recent advancement on the development of a 
one step process for the complete conversion of vegetable biomass in bioplastic films and the 
Life Cycle Assessment of their environmental impact. 
 

Material and Methods 

The process is carried out in a diluted aqueous solution at room temperature, avoiding the 
environmental concerns usually associated with the use of organic or dangerous chemicals and 
making it easily scalable. Vegetable biomass from different industrial byproducts like carrot, 
parsley, radicchio, tomato, cauliflower was used. 
 

Results 
The mechanical properties are similar to starch-based bioplastics and the functional properties 
of the starting vegetables (i.e., color, antioxidant capability) are preserved, thanks to the mild 
conditions of the fabrication process. The interaction of bioplastic and water showed that water 
acts as a plasticizer, lowering the Tg of the composite material. 
 

Discussion 
The developed conversion process allows the blending of the bioplastics with other natural or 
synthetic polymers, in order to improve their mechanical and gas barrier properties like the 
oxygen permeability (OP), thus expanding their field of applications and making the vegetable 
bioplastics interesting for applications such as packaging. A reversible water-induced 
plasticization was studied and then used to develop fabrication techniques to produce objects 
with complex shape at the macroscopic scale as well as features at the micro scale. The use of 
food waste as a source of raw materials for bioplastics could significantly improve the 
sustainability of the food sector and the plastic sector. Substitution of oil-based plastics with 
vegetable-based bioplastics will improve the sustainability be sources and that can be resorbed 
in the environment could close the loop in a sustainable way for disposable objects. 
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Introduction 
For sustainable development, nanomaterials prepared from (waste)biomass play a significant 
role. Lignin nanoparticles (LNPs) are particularly interesting because they are easy to synthesize 
and can adsorb and release a variety of chemical species in response to external stimuli. Unlike 
non-biobased sorbents, often criticized for high production costs and the generation of 
secondary pollutants, LNPs are a cost-effective alternative for water treatment due to their 
benign nature and comparable adsorption capacities. 
 

Material and Methods 
LNPs were prepared from Softwood Kraft Lignin (SKL) by two protocols, i.e., solvent-antisolvent 
and hydrotropic. In the first case, SKL was dissolved in an ethanol/water (70/30) mixture, while 
in the second SKL dissolution was achieved by a 2M sodium p-toluene sulfonate aqueous 
solution. Subsequently, LNPs were obtained by precipitation in deionized water. LNPs, 
respectively identified as S-LNPs and H-LNPs, were then characterized in terms of size and 
morphology. Adsorption experiments were carried out on pristine SKL (p-SKL), S-LNPs and H-
LNPs at different concentrations of methylene blue (MB, range 5-100 mg/L) at 1.5 mg/mL lignin 
concentration for 120 min in dark conditions. The MB removal ratio was analyzed by UV-Vis to 
derive adsorption kinetics and maximum adsorption capacity (qmax). The photocatalytic activity 
was evaluated by irradiating the samples, after MB adsorption, under UV light (365 nm, 80 W·m–2) 
for 6 h. Control experiments were carried out in the absence of irradiation or lignin. 
 

Results and Discussion 
The results highlight the formation of spherical sub-micrometric particles, with diameters of 
about 165 nm (S-LNPs) and 300 nm (H-LNPs). As to the adsorption experiments, after 120 min 
S-LNPs removed 98% of a 30 mg/L MB solution, while p-SKL and H-LNPs 73%, and 56%, 
respectively. qmax values equal to 43.0, 12.2, and 12.7 mg/g were respectively calculated. Kinetic 
data showed good fitting with a pseudo-second order kinetic model, the rate limiting step being 
the adsorptive/adsorbent interaction. Under UV irradiation H-LNPs photodegraded 98% of MB, 
while p-SKL 69% after 6 h of treatment, and no photodegradation was observed in the case of S-
LNPs (most probably ascribable to the full coverage of S-LNPs’ surface with MB under the 
tested conditions, leaving no photoexcitable lignin moiety) and the control experiments. Data 
fitting was consistent with the Langmuir-Hinshelwood model, indicating that the rate of 
photodegradation is controlled by the diffusion. Overall, the results demonstrate that the 
developed system exerts a multifunctional behavior, as it is capable of both adsorbing and 
degrading a water pollutant. 
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Introduction 
Innovation in materials science can be considered among the enabling technologies essential to facilitate 
the transition of agriculture towards increasing sustainability requirements. The current European Union 
policies require agricultural production to maintain the current levels of productivity and security while 
facing the challenges of climate changes and at the same time applying agroecological and organic 
principles. Materials produced with biotechnological approaches can exploit agricultural residues and, 
with a circular economy approach, increase the resilience of present-day productions. 

 

Material and Methods 
An innovative biorefinery concept (Brevetto d’invenzione industriale N° 102016000123786 del 26-04-2019) 
has been the starting point in the collaboration between agronomists, biotechnologists and engineers, 
spanning over 10 years in research projects carried out in Lombardia, Emilia-Romagna, Toscana and 
Umbria. In the projects BiOMAN, SLUDGE 4.0, inORTU, funded by Foundations and Regional Structural 
funds, several food supply chains have been studied with the purpose of recycling and upcycling residues 
and by-products, to obtain added-value chemicals, platform chemicals, renewable energy, soil improvers 
and amendments, biostimulants. A constant feature of the program has been collaboration with 
companies, farms, and municipal utilities to provide a final link with the stakeholders' needs. 

 

Results 
The biorefinery concept involves the following steps: 1. Identification and mapping of available raw 
materials, by-products, and residues from the supply chain, such as tomato, tobacco, horticultural crops, 
and energy crops; 2. Identification of chemicals and compounds that can be obtained by fermentation (e.g. 
glycerol, hyaluronic acid) or extraction (e.g. solanesol), depending on the available materials; 
3.Exploitation for energy production of the residues of step 2, with engineering systems for production of 
biofuels or thermal energy; 4. Final disposal of all residues through pyrolysis or pyrogasification to obtain 
additional energy as well as biochar or hydrochar. The products of steps 2-4 can be re-utilised directly or 
indirectly to improve the circularity of the process, as soil amendments, as stimulants of plant growth, as 
renewable energy inputs. 

 

Discussion 
The results have demonstrated how interdisciplinarity and stakeholder involvement are essential in the 
transition to circular economy. Considering that energy production systems and biotechnological tools for 
green chemistry are well developed, the main challenge seems to be how to integrate all the processes in 
a common location, minimizing the transportation of materials, and overcoming the seasonality of the 
residues availability. These topics are relevant in the new National Recovery and Resilience Plan (PNRR), 
and opportunities for application will be actively pursued. 
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Introduction 
Polysaccharides are abundant, sustainable and versatile biopolymers with a long tradition in 
industrial applications. While numerous polysaccharides of varying structures are naturally 
available, the cost effective isolation of such materials at scale and consistent purity levels 
required for industrial applications remains often challenging. For this reason, the enzymatic 
polymerization of sucrose to generate nature-identical polysaccharides, with specific linkage 
control and thus of defined and desirable properties, has recently been extensively studied. One 
example of engineered polysaccharides is α-1,3-glucan, linear and semicrystalline polymer that 
containes α-linked glycosidic bonds as in starch. Such material is not directly melt-processable 
and is water-insoluble, as typical for highly aggregated polysaccharide materials, with direct 
consequence of limiting its use in different applications. Thus a similar approach used to convert 
cellulose to cellulose esters can be used in order to produce glucan ester derivatives, potentially 
suitable for packaging applications. 
 

Material and Methods 
In this work, the transport properties of different long-chain acid esters of α-1,3-glucan, namely 
Glucan Palmitate (GP) and Glucan Laurate Acetate (GLA) with different degrees of substitution 
were analysed. The polymers were used to produce self-standing dense transparent films by 
solvent casting technique using different solvents of variable toxicity, e.g. chloroform, acetone, 
dimethylcarbonate. Transport properties were analysed through sorption tests, while water 
sorption was studied through gravimetric analysis. 
 

Results 
Liquid water uptake and flux, moisture sorption and gas barrier properties for Oxygen and 
Carbon dioxide were assessed and compared to traditional biomaterials, like PLA, and fossil 
based ones, like PE and PET. The potential as membrane for CO2 capture is also assessed. 
Structure property correlations were derived. 
 

Discussion 
This work is aming to promote the design approach learnt from systhetic polymers in order to 
obtain biopolymers with engineered properties, useful for packaging and separation applications. 
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Introduction 
The electrocatalytic direct conversion of small molecules (CO2 and N2, in particular) and of 
bioderived platform molecules is one of the current challenges for energy and chemistry 
transition, but it is becoming evident that a new generation of tailored electrodes, bridging better 
nanoscience and electrocatalysis, is necessary[1,2]. There is a range of emerging new 
electrocatalytic solutions opening new needs to develop novel, more efficient and productive 
electrocatalytic electrodes/devices. In parallel, it becomes, evident that often current 
approaches in designing electrocatalysts suffer from many limitations suggesting the need of 
turning the approach and develop the electrodes from a different perspective[3-5]. 
 

Discussion 
This lecture will introduce first some examples of the possibilities of novel electrocatalytic 
solutions to address the challenges posed by the electrification of chemical processes and/or 
advanced solutions for chemical energy storage. Then, some examples to remark on the need for 
a paradigm change in the design of electrocatalysts and electrodes to design properly the next 
generation of devices for e-fuels[5] and e-chemistry[1] will be presented, showing also some 
conceptual examples of the possibilities to obtain a novel type of electrocatalysts. These 
examples will demonstrate the need to combine better nanoscience and electrocatalysis, as well 
as molecular control in the design of well-defined electrocatalytic centres. Finally, the need to 
develop also 3D-type electrodes to increase performance is discussed, presenting some 
examples of the possibilities in this direction which include hybrid materials, host-guest ordered 
materials and functionalized nanocarbons 
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Introduction 
The exploitation of renewable resources is increasingly imposing in future scenarios for either 
energy or chemical production platforms. These scenarios, either involving a more gradual 
transition from fossil sources or a faster implementation of technologies from renewable 
sources, require, on the one hand, an innovative review of consolidated conversion technologies 
and, on the other, the definition of new processes. Processes using carbon dioxide, such as dry 
reforming, reverse water gas shift, methanation, are gaining renewed interest in the study of new 
catalysts and reactors. In this work, an experimental investigation using Nickel based catalyst on 
a catalytic membrane reactor (CMR) mainly in the dry reforming of methane is discussed with 
emphasis on the effect of the porosity and catalyst distribution and the tendency to carbon 
formation. 
 

Material and Methods 
Some tubular alumina membranes with asymmetric macroporous structure and different pore 
size in the innest layer were used for Nickel deposition. Several powder Ni catalysts were 
prepared using wet impregnation methods and homogeneous precipitation. The catalytic 
membranes and catalyst were characterized by electron microscopy (TEM, FESEM), gas 
permeability, N2 physisorption at 77K. Both the flow-through and the monolith-like CMR 
configurations were studied in the carbon dioxide reforming in order to verify the variation on 
performance with the flow regime and mass-transfer related parameters. As comparison a fixed 
bed reactor was studied and on both the reactors the carbon deposition was investigated. 
 

Results 
FE-SEM-EDX observations revealed the active specie distribution in both the catalytic 
membranes and powder. In the membrane it was observed how this distribution was affected by 
the pore size distribution and preparation method. The highest catalyst load was associated in 
the smallest pore size layer of the membrane porous structure. The catalytic tests showed the 
formation of carbon deposit as filaments and nanotubes. An interesting catalytic activity was 
observed for the membrane with the smallest pore size (5nm) in flow-through configuration. 
 

Discussion 
The formation of carbon filaments was noted in macroporous regions where the active specie 
was present in larger clusters. When Nickel was located in the mesoporous structure the 
formation of nanotubes was not observed due to a combined effect of the size of the crystallite 
and of a steric confinement. 
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The potentials of nanoporous materials for gas capture, separation and catalysis is emerging as 
an important research area for energy and environment issues. Our contribution is directed to 
the design and synthesis of customized materials for selective CO2 sequestration. We study 
dynamic nanoporous materials, such as Metal-Organic Frameworks (MOFs), Hydrogen bonded 
Frameworks (HOFs) and Porous Organic Polymers (POPs), responsive to chemical and photo-
irradiation stimuli. In particular, a novel MOF family built by bipyridine-based pillars and layers 
of cycloaliphatic ligands forms stable interpenetrated architectures. They show accessible 
galleries for favorable CO2 diffusion with well-defined pressure gates, useful for most effective 
gas uptake/deliverable cycles. The steric properties of the pores and the favorable interactions 
with CO2 drive a virtually total selectivity towards nitrogen, as shown by competitive 
breakthrough runs under typical industrial fume gas-mixture composition (15/85 CO2/N2). In turn, 
gas sorption influences the dynamic properties of the framework. The intriguing dynamic 
modulation of the framework by CO2 is addressed by relaxation-time solid-state NMR 
measurements. Additionally, the important issue of gas diffusion was addressed in highly CO2-
selective HOFs: fast molecular reorientation and, specifically, dipole reorientation is a 
challenging task. CO2 and Xe learn during diffusion steps, the shape and orientation of the 
channels, as detected by anisotropic line-shape analysis of 13C and hyperpolarized 129Xe NMR 
resonances. These spectroscopic observations, together with DFT and molecular dynamics 
simulations, help understand gas sorption and measure diffusion times by jump frequency of the 
gas species from site to site in the material. Moreover, the integration of photo-active moieties in 
the frame of POPs allows for the construction of covalent contractile nano-sponges. The photo-
switch as a monomeric unit exhibits a 100% conversion in the solid state, unlike photo-switch in 
solution. Taking advantage of the quantitative photoisomerization, the porosity of the framework 
and the consequent gas adsorption can be reversibly modulated in response to light and heat. 
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Introduction 
Magnetic composite materials produced by embedding ferro- and ferrimagnetic particles in a 
nonmagnetic matrix have a significant advantage over bulk magnetic materials (metals, alloys, 
or ferrites) owing to their higher resistivity, lower density, chemical stability, and processability. 
Depending on the type of the polymer, its mechanical properties, and the volume fraction in a 
composite, polymer magnetic composites (PMCs) can be fabricated as plastomagnets, which 
admit either cold or hot processing, and in the form of magnetoelastic materials, which endure 
considerable elastic deformation. Because of these friendly material handling properties, 
magnetic composites have many useful applications, such as magnetic substrates for microwave 
antennas, microwave inductors, radioabsorbing materials, and so on. In this work we report on 
the fabrication of PMCs starting from Neodymium Iron Boron (NeFeB) permanent magnets, 
recycled from broken or obsolete computer hard drives. 
 

Material and Methods 
The magnets were ground in an inert atmosphere until a particle size distribution limited above 
50 microns was obtained. The magnet powder was mixed by twin-screw extrusion to a 
thermoplastic matrix (polybutylenadipate-co-terephthalate - PBAT) to obtain a polymeric 
composite with a different concentration (10-50% by weight) of magnetic filler. Composite 
pellets were used for 3D printing and injection molding to make samples that were further 
characterized. The resulting composite pellets were used for the injection molding of model 1BA 
specimens, according to standard UNI EN ISO 527 
 

Results and discussion 
PPMCs composites displayed an effective increase of the Young's modulus (E) with respect to the 
pristine polymer, while showing a reduction of the yield stress (σy), of the stress at break (σB), 
of the strain at break (εB) and of the toughness (T). Scanning electron microscopy (SEM) images 
display homogeneous dispersion and distribution of the filler particles in the polymer matrix with 
no aggregates or phase separation that would cause a deterioration of the material properties. 
Infrared (IR) spectroscopy did not show structural variations of the polymer matrix due to the 
NeFeB presence. The results of the technological process and the microscoscopic, mechanical, 
dynamic mechanical and magnetic characterization will be discussed. 
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The increasing efforts towards a greener and more sustainable future has significantly enhanced 
the demand for permanent magnets based on rare-earth elements, which are key components of 
environmentally friendly energy technologies, such as hybrid and electric vehicles and wind 
turbines[1]. To respond to this growing demand and to cope with the Chinese monopoly[2] of the 
production and treatment of rare earth elements, the recycling and reuse of End-of-Life (EoL) 
permanent magnets represents a necessary but still little practiced solution as only 1% of EoL 
magnets are currently reused. The present contribution aims at presenting the general scheme 
of an efficient and sustainable route we are developing to fabricate bonded PMs from NdFeB EoL 
products by using processes with reduced or null environmental impact with respect to the 
production of new magnets. The strategy includes three main steps: i) pulverization of EoL 
NdFeB PMs to obtain powders with sub‐mm sizes preserving original magnetic properties, ii) 
preparation of filaments for 3D printing consisting of a biodegradable polymeric matrix 
containing a homogeneous dispersion of EoL NdFeB magnetic powders, iii) fabrication of new 
bonded PMs by using a customized 3D‐printer that allows applying a magnetic field during the 
printing process for the fabrication of anisotropic magnets with superior properties. The plan is 
to reuse magnets from electric motors (0.1 to 1 kg) as their weight and size make them easy to 
handle and the whole process can be optimized in research laboratories. The results are 
expected to lay the scientific and technical foundations for the development of a circular 
economy of rare-earth-based permanent magnets, which would reduce the geopolitical risk of 
supply of raw materials, decrease the environmental impact of rare-earth industry, while 
fostering the transition to a greener and more sustainable future. 
 
[1] O. Gutfleisch et al., Adv. Mater. 23, 821 (2011) 
[2] J.M.D. Coey, Engineering 6, 119 (2020) 
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Introduction 
The recovery of silica from waste or end-of-life products has become a challenging topic as an 
effective strategy in waste management and circular economy. Aim of the present work is the 
recovery of fluorinated raw material and silica from the ammoniation process of hexafluoro 
silicic acid (H2SiF6 or FSA), a hazardous by-product of the phosphate industry, and of aluminium 
fluoride and hydrofluoric acid production. The main objective is the modification of the recovered 
silica nanoparticles with defined structural and morphological characteristics (size, shape and 
porosity) for specific applications such as: i) silica NPs as reinforcing filler for elastomeric 
nanocomposites in tyre industry; ii) meso- or macro-porous silicate materials, with high 
mechanical strength for applications in wastewater treatment or catalyst support. 
 

Material and Methods 
Silica NPs were recovered from FSA after reaction with ammonia solution, by varying 
temperature (3-20°C), pH (7.8-10), drying conditions and tested as filler upon incorporation and 
vulcanization in Styrene Butadiene rubber (SBR). Vulcanization curves and mechanical 
properties of rubber nanocomposites assessed the reinforcing properties of silica. 
Meso/macro-porous silica, with tailored porosity were produced by using templates (e.g. PEG, 
CTAB) in FSA solution before the ammonia addition and subsequently thermally treated at 550°C 
for template removal and primary particles condensation. The porous architecture of obtained 
materials was assessed by Hg porosimetry, N2 physisorption, as well as by TEM and SEM 
analysis. 
 

Results 
Vulcanization curves (at 170°C for 15 min.), are comparable with those of rubber 
nanocomposites with commercial silica filler used in the rubber industry. The mechanical 
behaviour at small deformation of nanocomposites, acquired by determining the strain 
dependence of the shear modulus G’, confirm the good properties corresponding to those of 
commercial referment. Porous materials were preliminary tested for Rare Earth Elements 
recovery from model aqueous solutions, showing good adsorption properties and selectivity 
related to superficial and structural characteristics. 
 

Discussion 
Results indicate that FSA silica owns interesting features alongside comparable performances to 
commercial samples, allowing to consider it as valuable and convenient alternative to 
conventional silica precursors in large scale manufactures. 
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Introduction 
Calcium hydroxide nanoparticles (nanolimes) matches the crucial request of compatible 
treatments for calcareous substrates of our cultural heritage, thanks to the ability of the 
nanoparticles (NPs) to penetrate inside the materials maintaining unchanged the chemico-
physical features of the substrates. Nevertheless, nanolimes are long way from being routine 
treatment due to their production processes and to the presence of alcohol as dispersing 
medium negatively affecting the completeness of the carbonatation process and the NPs 
penetration ability. Moreover, the alcoholic suspensions pose concerns regarding human 
health/environmental risks. We recently patented a sustainable and cost-effective production 
process to rapidly synthesize nanolime directly in aqueous medium. This eco-friendly route 
operates at room temperature, with cheap reactants, low energy consumption/waste production, 
without intermediate purification steps, so reducing the time of synthesis and greatly improving 
the yield of production. 
 

Material and Methods 
The aqueous nanolime is synthesized according to our patented exchange process, starting from 
calcium chloride (CaCl2) aqueous solution and an anion-exchange resin. Phase composition and 
the carbonatation process efficiency of the obtained suspensions is investigated by means of 
XRD, while the morphological and dimensional characterization of the NPs was performed by 
TEM and SEM analyses. The effectiveness of nanolime treatments, applied on several carbonatic 
substrates, was evaluated in terms of surface cohesion, (Scotch Tape test - STT), and drilling 
resistance measurement (DRMS). 
 

Results 
The produced NPs are pure, crystalline and very reactive, assuring a complete transformation 
into pure calcite in few hours, also at moderate moisture conditions. 
The nanolime treatments, employed for the conservation of Agrigento’s biocalcarenites and of 
historic medieval mortars, show a good increase in the superficial cohesion of the samples up to 
95%, also determining a significant improvement in the drilling resistance up to at least 1 cm in 
depth. Moreover, no chromatic alteration of the surfaces and safety health/environmental 
conditions are guaranteed too. 
 

Discussion 
The sustainability of this new nanolime is related not only to the synthesis method but also to the 
presence of water as dispersing medium, guaranteeing the completeness of carbonatation process, 
leading to good consolidating efficacies and penetration depth, without any release of organic volatile 
compounds in the environment, so paving the way of extensive usage of nanolime in cultural heritage 
conservation. Moreover, the versatility of our synthetic procedure allows for a fine-tuning of the 
nanolime composition giving us the possibility to synthesize a nanolime properly tailored for different 
kind of substrates having variable chemical composition. 
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Introduction 
Ancient woodwind instruments in museums cannot be played because of their sensitivity to 
humidity. Their conservation as mere physical objects, unrelated to the music they were 
designed to play, is very unsatisfactory. In this contribution, we describe a methodology for the 
making of acoustically faithful copies of wooden wind instruments by means of a combination of 
X-ray tomography, computer modelling and 3D-printing. The use of X-ray Computer Tomography 
as method of accurate geometrical measurements requires specialized acquisition techniques. 
Segmentation of the images and metrologically reliable extraction of geometries from the 
grayscale CT data are also critical steps. Measured geometries can be reproduced with additive 
manufacturing techniques using polymers and metals. Materials properties have a small but not 
negligible effect on the acoustics of woodwinds, which is mainly determined by the shape of the 
oscillating air cavity. Surface properties on the contrary play a major role, because of their 
influence on sound reflection and dissipation in the inner bore. In this work we show that a 
combination of CT scan, computer modelling and 3-D print using selected materials can produce 
high quality copies of wind instruments, giving new voice to the variety of musical instruments in 
museum collections. 
 

Material and Methods 
X-Ray tomographies were obtained using both commercial measuring machines and with a 
dedicated high resolution experimental setup. The copies were made using different additive 
manufacturing techniques (FDM, SLS) and different materials and metamaterials. The 
instruments were finished with traditional instrument making techniques and they were 
evaluated by physical methods and psycho-acoustic tests with professional musicians. 
 

Results 
Baroque flutes, recorders, oboes and clarinets were successfully reproduced. The acoustical 
quality of the copies varies according to the features of the originals, the materials, and the 
finishing. Acoustical comparisons with the originals show excellent intonation and some 
discrepancies in the emitted spectrum. In psycho-acoustic experiments, listeners are not able to 
discriminate the copies from the originals, but the players do. 
 

Discussion 
Excellent concert-grade instruments were obtained in the case of baroque flutes and some alto 
recorders. Some recent physical views on the relationship between emitted sound and materials 
properties are confirmed by our experiments. Further improvement of measuring and printing 
accuracy is needed in order to correctly reproduce the acoustics of some instruments. 
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Introduction 
Decking boards are mainly manufactured with wood, plastics and wood polymer composites 
(WPCs). Wood is the best choice being sourced from renewable resources and biodegradable 
and displaying a higher bending stiffness and a lower cost, but some concerns derive from forest 
depletion. Polyolefins were identified as a suitable alternative to exploit postconsumer plastics, 
but they did not spread successfully due to lower mechanical properties and temperature 
induced size changes. WPCs were developed to exploit lumber industry wastes as polyolefins 
reinforcements to increase their mechanical properties while reducing cost and environmental 
impact, but despite these efforts their environmental impact is still higher than wood. 
Agglomerated cork is a promising bio-based material largely used in the building sector for 
insulation and indoor flooring. Its main advantage is the production of biodegradable component 
through tree debarking thus avoiding deforestation. It is not suitable for outdoor decking boards 
due to low bending properties which do not fulfil the ASTM D6662 requirements, but, to this aim, 
the present work assessed a suitable way to convert its cellular microstructure in a consolidated 
material through hot compression. The Design of Experiment (DoE) technique allowed to 
optimize the mechanical properties as a function of the main manufacturing parameters. 
 

Material and Methods 
NL25 agglomerated cork planks with a 250 kg/m3 density were hot compressed applying a 10 
MPa pressure and varying temperature and time according to a 32 full factorial design, i.e., 
temperature 180, 190 and 200 °C and time 15, 30 and 45 minutes, leading to nine configurations. 
Specimens were morphologically, thermally and mechanically characterized through SEM, TGA, 
FTIR, DMA, thermal conductivity, tensile, bending and impact tests. The surface response analysis 
allowed to identify the manufacturing parameters which maximize consolidated cork mechanical 
performance. 
 

Results and Discussion 
Agglomerated cork planks experience a thickness reduction resulting from the combined effect 
of high temperature and pressure which leads to cells closure and permanent densification. 
When compressed at 10 MPa, cork cell walls experience mutual contact while the high 
temperatures promote walls welding due to suberin melting and to hemicellulose and lignin 
softening which allows to develop adhesive properties. The implementation of the multi-
response optimization technique proved that the use of a 180 °C temperature and a 31.5-minute 
exposure allows to optimize both tensile and flexural performance achieving a flexural modulus 
and strength 1.5 and more than 2 times higher than the minimum required by the ASTM D6662, 
respectively. This configuration also displays a good impact resistance with one of the lowest 
damage degree and maximum displacement. 
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Introduction 
The physical contact between two different materials provides charge transfer, in terms of 
electrons, so that the surface of one material becomes positively charged while the other one 
becomes negatively charged. Friction can enhance this effect since it can help in the transfer of 
charges. On the basis of this natural phenomenon, named triboelectrification (TE), an innovative 
method was developed to deposit charged graphene oxide (GO) nanosheets on glass fibers (GF) 
surface. 
 

Material and Methods 
E-glass fibers were used as the reinforcement. Graphene oxide solution was used to coat the 
glass fibers. An epoxy system was used as a polymer matrix. A lab-made setup for continuous 
triboelectrification of glass fibers was created. The system was composed of two fiber winding 
systems and a vertical wood panel which had two set of steel electrodes (one connected to 
ground while other connected to an electrometer) and two polytetrafluoroethylene (PTFE) 
wheels mounted. For measuring the charges developed by the TE method, the fibers were 
passed over the first set of electrodes for discharging any charge already present. Subsequently 
the discharged fibers were triboelectrified by passing them over the PTFE wheels. 
Triboelectrified fibers were passed over the second set of electrodes (connected to 
electrometer) to measure the charges created during the TE. Then, the TE fibers were passed 
through the GO solution to be coated. The chemical reduction of the GO coating was done using 
hydrazine hydrate. Morphological and electrical conductivity tests were performed to evaluate 
the quality of the coating while microdebonding tests were used to assess the interfacial shear 
strength (IFSS) between matrix and fibers.. 
 

Results 
From morphological analysis, triboelectrified GF showed an improvement in the GO coating 
quality as compared to non triboelectrified coated GF. Thanks to the deposited coating, the 
fiber/matrix interfacial shear strength (IFSS) was improved up to 45% compared to uncoated 
fibers. A strong improve in electrical conductivity of GF was obtained (volumetric resistivity 10 
ohm·m). 
 

Discussion 
The homogeneity of the coating, the enhancement in IFSS and the improved electrical 
conductivity values of coated GF are the indication of the efficiency of the deposition method. 
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Introduction 
The opportunity to produce nanomaterials on industrial scale for widespread applications 
represents today a real challenge. Given the progress in these areas, it is fundamental to realize 
large-scale productions which are environmental friendly, in terms of energy consumption, 
costs, and toxic wastes. Among nanomaterials, iron oxide nanoparticles (IONPs) are very 
promising thanks to their possibility to be applied in many application fields and their low 
environmental impact. The present work concerns a patented, eco-friendly, and scalable method 
to produce IONPs with high yields, low costs, and time- and energy-savings, also paying a 
special attention towards a low environmental impact of the production process, thus limiting 
wastes and energetic costs of the process itself. 
 

Material and Methods 
The method here discussed, based on the ion exchange process, allows producing various iron 
oxides/hydroxide NPs in one-step, starting with cheap or renewable reagents. Specifically, an 
anionic resin is mixed with aqueous solutions of iron(II) and/or iron(III) salts, at room 
temperature and ambient pressure, and moderately stirred for few minutes. During the process, 
a precipitate is rapidly obtained which can be separated from the resin by a sieving procedure. 
After the separation step, the resin is regenerated to be re-employed in a new production, in a 
cyclic process. Structural and morphological features of the obtained nanoparticles are 
investigated by several techniques, such as XRD, TEM, SEM, AFM and BET measurements. 
 

Results 
Three kinds of iron nanostructured compounds are obtained by the on-step process: 2-lines 
ferrihydrite; layered-structure iron oxyhydroxide δ-FeOOH, and cubic magnetite. In all the 
synthesis we observed a production yield > 90% by obtaining, in only 10 minutes, 50 g of pure 
IONPs, having high specific surface area values, from 58 up to 420 m2/g. The obtained IONPs are 
then used as precursors to produce hematite and maghemite NPs as well, by following an aging 
procedure or a calcination program. 
 

Discussion 
From the evaluation of the production yields and by means of the analyses of characterization, it 
appears evident that the nature of the reactions combined with the method of synthesis makes 
the ion exchange process very effective, flexible, and suitable to produce IONPs for engineering 
scopes. In fact, starting from cheap reagents and with low energy consumption, the proposed 
method is able to easily switch from one production to another one, maintaining high 
performances of the produced IONPs together with a potential ability to scale the production by 
a cyclic process. 
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Introduction 
Hydrogen has been recently identified as an important energy vector, in the wider picture of 
energetic conversion to renewable resources. The introduction of a substantial amount of 
gaseous hydrogen inside the already existing pipeline network designed for the transport and 
the distribution of natural gas will be soon a reality. Nevertheless, hydrogen is widely known for 
its impact on the mechanical characteristics of several materials, just like carbon and low alloy 
steels, which are frequently employed in the manufacturing of the existing distribution and 
transport pipeline network and related services. For this reason, the compatibility of these 
materials needs to be thoroughly evaluated. 
 

Material and Methods 
Several consolidated methods exist to introduce hydrogen inside laboratory size steel samples, 
to reproduce the real operating conditions of pipelines transporting high pressure NG/H2 blends. 
Most of these charging methods involve high gaseous hydrogen pressures and temperatures, 
and consequently laboratories specifically equipped both from the safety point of view and the 
equipment. This work focuses on the electrochemical hydrogen charging, a versatile charging 
method which introduces hydrogen inside the steel lattice exploiting the evolution of atomic 
hydrogen over cathodically polarized surfaces, without the need of high pressures. Three 
different couples of acids and recombination poisons were tested (Acetic acid – Sodium sulphide, 
Acetic acid – Potassium iodide and Sulphuric acid – Arsenic oxide) to optimize the 
electrochemical charging method, with the aim of introducing around 1 ppm of hydrogen inside 
thick steel samples (in the order of few cm), suitable for mechanical characterization. 
 

Results and Discussion 
The most relevant parameters (current density, time, recombination poison concentration, 
sample geometry and anodic material) affecting the different electrochemical charging 
methodologies were analyzed, to improve the reproducibility and to introduce the desired 
amount of hydrogen inside the steel lattice. The measured amount of hydrogen introduced inside 
the samples under the various charging condition ranged between almost 0 ppm and 2.5 ppm. 
Trends and correlations were extrapolated from the measured amount of hydrogen introduced 
inside the samples under different electrochemical charging conditions. The advantages and the 
limitations of each electrochemical charging method which was tested will be pondered and 
discussed in the present work. 
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Introduction 
The building sector is changing industrial production towards more sustainable and green 
binders, by reducing their clinker content. This experimentation focuses on cements 
manufactured with limestone filler and with/without slag, namely CEM II/B-L and CEM VI, 
according to UNI EN 197-1:2011 and UNI EN 197-5:2021 standard, respectively. These cements 
were developed and investigated in terms of mechanical and durability characteristics. 
 

Material and Methods 
The materials used were Portland cement CEM I 52.5R (PC), limestone filler (LS) and blast 
furnace slag (SL). Standard mortars were prepared with water/binder (w/b) and 
aggregate/binder (a/b) ratios equal to 0.5 and 3.0 by weight, respectively. CEM II/B-L consists of 
replacing PC with LS up to the maximum LS content (35wt%). CEM VI consists in the replacement 
of the SL with LS, starting from the CEM III composition described in the UNI EN 197-1:2011 
standard with the minimum content of PC (35wt%) and SL. The mechanical behaviour of the 
investigated mortars was studied at 10, 20 and 30°C curing temperature in terms of compressive 
strength and dynamic modulus of elasticity. Also, microstructural features, drying shrinkage, 
capillary water absorption and setting time were studied. 
 

Results and Discussion 
Replacing Portland cement or blast furnace slag with limestone does not involve significant 
variations in the consistency of mortars at fresh state, classified as plastic. The CEM II/B-L 
mixtures reach satisfactory mechanical strengths with a resistance class range between 52.5R 
and 32.5R. Only the 35% LS blend does not meet the minimum requirements to be classified as 
cement. All the new CEM VI binders, instead, are classifiable as cements with a resistance class 
range between 32.5R and 42.5N. In CEM II, by increasing the limestone content the capillary 
water absorption increases; in CEM VI this effect manifests only if the limestone content is higher 
than 10%. Drying shrinkage, regardless of free and restrained, decreases as the replacement of 
Portland cement with limestone increases, both in CEM II and in CEM VI mortars, resulting in an 
increased durability of the conglomerate, thanks also to a lower stiffness. All the studied new 
packaged cements are suitable to use in construction applications with the only exception of the 
CEM II/B-L mixture containing 35% of limestone. 
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The study presented was developed in the frame of the project “New recycling processes for the 
foundry sands: innovation aimed to get materials with high-added value”, funded by Fondazione 
Cariplo. Four different approaches were attempted for the valorization of foundry sands with the 
aim to transform waste into a resource. The work was performed by four young researchers 
supported by grants created in the frame of the project, under the supervision of experienced 
researchers of three different INSTM Research Units, and in collaboration with companies with a 
potential interest in the use of the foundry sands. The overall objective of the project has been to 
identify processes for recycling foundry sand into high-value-added materials in order to 
facilitate the creation of an effective market for this sand and to overcome the current economic 
and legal barriers to its development. The project started studying the Best Available Practices 
(BAT) implemented in industrial sectors such as ceramics, cement, and bricks. This part was 
followed by the study of recycling processes in ceramics and special concretes, also identifying 
their applications in industrial processes. Side effects of the recycling process that may impact 
the environmental matrix and/or human health by means of specific tests (ecotoxicity) were 
taken into consideration.  The whole study was oriented in order to define not only the economic 
added value of possible innovative processes proposed but also all the benefits from an 
environmental point of view. 
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Introduction 
3D concrete printing technology is believed to have potential eco-sustainability benefits in construction, 
including improved resource efficiency, increased productivity by topology optimization, and building of 
complex geometries without expensive supporting structures. 3D printable cementitious materials, when 
introducing waste materials to replace ordinary aggregates, may also bring additional advantages in terms 
of natural resources preservation, circular management of wastes as well as the conferral of new 
technological properties to concrete. To quantitatively evaluate these benefits, this work investigated the 
performance and environmental impact of 3D printable cementitious composites incorporating waste tire 
rubber as aggregates via life cycle assessment (LCA). A comparative analysis was performed with a 
rubberized cementitious mix obtained by traditional mould-casting method to carry out an environmental 
and performance analysis including the influence of different production processes and mix designs. 

 

Material and Methods 
The study examined a Portland-based mixture designed for extrusion-based 3D printing that incorporates 
recycled rubber from end-of-life tires in total replacement of the mineral aggregate. SIMAPRO software 
was used to study the environmental and energy impacts involved when implementing tire rubber 
aggregates into additive manufacturing processes. For comparison purposes, the analysis was also 
performed on ordinary cementitious composites obtained by mould-casting method. The impact of the mix 
designs (cast and printable) and production processes (mould-casting and 3D printing) was then studied 
through LCA. The Empathetic Added Sustainability Index (EASI), which takes into consideration 
engineering performance, durability properties, and sustainability issues of concrete materials, was 
implemented as a performance indicator for the investigated materials/processes. 

 

Results 
Regardless of the production technology, replacing natural sand with recycled rubber brings significant 
benefits in terms of carbon footprint. Although the printable formulations and the 3D printing process 
have little more impact in environmental terms, there are advantages regarding mechanical strength and 
durability properties with respect to the materials obtained by the traditional mould-casting method. The 
samples achieved by additive technology gain significantly in terms of EASI, realizing an «optimum» 
between sustainability and technological properties. 

 

Discussion 
For non-structural applications, rubberized concrete composites prove to be attractive solutions in the 
field of greener building materials, combining eco-sustainability, lightness, and energy efficiency. The 
implementation of additive manufacturing can be considered a valuable upgrade in terms of optimized 
design, including both material-saving benefits and thus counteracting the greater eco-impact of printable 
formulation as well as giving the possibility of studying «smart» structures that combine the material’s 
characteristics and technological functionality induced by the component’s geometry. 
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An open challenge in self-assembly is learning how to design systems that can be conditionally 
guided towards different target structures depending on externally-controlled conditions. 
Among all the possible parameters, using building block concentration to select different 
products among self-limited assemblies has so far proved quite elusive. 
We focused on a system of monodispersed rigid patchy helical building blocks, which can bind at 
their ends to form one-dimensional assemblies, which can be either open and disordered, or 
self-limited and ordered structures. The self-assembly process at different monomer 
concentrations was studied via Langevin molecular dynamics simulations, as well as with 
multiple-walkers well-tempered metadynamics. The case of irreversible, out-of-equilibrium 
assembly protocols was also investigated. 
Our simulations showed that two of the ordered assemblies are prevalent against the 
background of disordered, open polymers in the entire range of considered monomer 
concentrations. Moreover, one or the other can be alternatively selected as the globally 
dominant species by solely tuning the concentration. We showed that the equilibrium populations 
of all the assemblies can be predicted within a statistical mechanics framework, which allows to 
test the feasibility of this density-driven tunability using measurements performed at only one 
single concentration. The study of the assembly pathways of the system reveals that, at low and 
high concentrations, two different pathways are preferred. At low concentrations, the assemblies 
are mainly built along bottom-up pathways, i.e. via accretion events. On the opposite, at high 
concentrations top-down pathways are preferred, where the final constructs derive from larger 
assemblies which previously formed and then broke down. The knowledge of these assembly 
pathways can inform out-of-equilibrium protocols, allowing to further increase the spectrum of 
possible self-assembly outcomes. 
Our model system shows a first example of density-driven conditional selection of the self-
assembly outcome. In consideration of the minimalistic formulation of the model and the general 
purpose of our strategy, we expect that a similar approach can be generally applicable, thus 
providing a powerful search strategy for identifying, in computationally or experimentally 
efficient manners, candidate systems amenable to such selection. 
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Polyelectrolyte complex (PEC) hydrogels have been used as tissue engineering scaffold thanks 
to their ability to maintain a distinct 3D structure in physiological environment, offer structural 
support for cells, and simulate the native extracellular matrix functions. The implementation of 
materials science and technology into cancer research has led to significant progress in the 
study of cancer progression, by developing highly reproducible biomimetic porous hydrogel by 
employing Additive Manufacturing (AM) technologies for the development of 3D tumour models 
that closely recapitulate the pathophysiological features of native tissues. 
Chitosan and alginate polysaccharides with established biocompatibility, were investigated to 
fabricate 3D scaffolds with a predefined porous structure, by means of Computer-Aided Wet-
Spinning (CAWS), an AM technique based on the controlled deposition of a polymeric 
solution/suspension in a coagulation bath. The designed scaffolds were fully characterized and 
optimized for the development of long-term 3D in vitro ovarian cancer (OC) cell culture models 
that could mimic the in vivo tissue of cancer cells. 
The optimization of the CAWS processing parameters resulted in the fabrication of reproducible 
3D chitosan-alginate PEC structures with a layered porous architecture. Comparative analysis of 
data confirmed the formation of electrostatic interactions between the two polyions. Hydrogel 
composition had a significant influence on the resulting scaffold chemical-physical properties. 
The stability of the scaffolds for 90 days in the culture medium made them suitable for long-term 
A2780 and A2780cis OC cell cultures. Optimized PEC-based 3D OC models were exploited for the 
evaluation of the cytotoxicity of different synthetic and natural substances in comparison to what 
achieved in 2D conditions. 
Chitosan and alginate in combination with CAWS technique enable the development of PEC 
hydrogels suitable for long-term in vitro 3D culture of the A2780 and A2780cis OC cell lines. 
Overall, the developed 3D models of OC resulted in more reliable cytotoxic data, representing a 
powerful tool for testing new antineoplastic compounds and to gain insight in the 
pathophysiology of human tumour tissues. 
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Biodegradable polymers are increasingly applied in flexible packaging market, in order to face 
the environmental issues associated to petroleum-based polymers. However, there is also an 
elevated market demand for packaging that exhibits high gas barrier performance. An innovative 
solution to reduce the gas diffusion is to coat packaging films with a bionanocomposite thin 
layer. In fact, the incorporation of 2D nanofillers can be exploited to inhibit gas molecules 
permeation across the coating. Therefore, we developed gas barrier polyethylene glycol 
diglycidyl ether (PEGDE)-crosslinked chitosan/graphene oxide (Cs/GO) nanocomposite coatings 
and deposited on polybutylene succinate (PBS) films by Ultrasonic Spray (USS) technique. 
The chitosan solution (1 wt%) was prepared by dispersing Cs powders in 0.4% v/v acetic acid 
solution and filtered. The GO/Cs mixture was prepared by adding different amounts of a 
homogeneous GO dispersion to the Cs solution (0, 0.5, 1, 2% w/w of GO on Cs basis). 23 wt% of 
PEGDE was added to GO/Cs mixture and stirred at 80°C overnight. 100 μm-thick PBS films was 
plasma-treated using plasma surface technology before coating. The USS System equipped with 
an Impact nozzle with programmable x−y motion was used for the deposition experiments. 
Morphological characterization was performed by means of SEM and AFM. The gas barrier 
properties were investigated by measuring the oxygen transmission rate (OTR) and carbon 
dioxide transmission rate (CO2TR) of coated PBS films. 
To obtain a homogeneous distribution of the material, the USS deposition parameters were 
suitably studied by identifying the best parameters combination to obtain reproducible coating 
thickness and roughness. Then, coatings with different thickness were prepared by developing a 
multilayer structure (bi-, tri-layer). Furthermore, tri-layers coatings were produced by 
depositing mixtures with different GO content. Samples showed a progressive decrease of OTR 
and CO2TR with the increase of layers number as well as GO content until 1wt%, and a following 
increase at 2 wt% of GO. The nanocomposite coatings presented a homogeneous surface 
morphology with few micrometric GO aggregates, which increase in size for 2 wt% GO. 
PEGDE-grafted Cs/GO mixture was successfully deposited through USS on PBS films. The best 
2,5 μm thick tri-layer coatings, containing 1 wt% of GO, impart a significant OTR and CO2TR 
reduction by about 85% and 93%, respectively, as compared with bare films. In conclusion, the 
USS technique combined with the sustainable formulations proposed is a promising novel 
approach to produce high gas barrier layers on polymer films. 
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State-of-the-art food packaging barrier systems are based on multi-layer, multi-material 
design. Such an approach impairs end-of-life recycling operations due to different materials or 
additives, ultimately leading to resource waste. The demand for sustainable packaging paved the 
way for designing innovative solutions based on reducing barrier layer complexity and mass. 
Hybrid inorganic-organic barrier coatings of mixed oxides represent potential candidates as a 
sustainable barrier layer alternative. The present work aims at developing and characterizing a 
new class of hybrid silica and alumina coatings with improved oxygen barrier performance on 
polyethylene terephthalate (PET). 
Hybrid coatings of silica and alumina alkoxides have been prepared via a sol-gel approach to 
producing dense coatings and then deposited with a rod coater on corona-treated PET films. 
After that, the organic phase of the hybrid coatings was reinforced by introducing poly(vinyl 
alcohol) (PVA). The coated film morphology has been analyzed by scanning electron microscopy 
(SEM) and energy-dispersive spectroscopy (EDS). At the same time, the barrier properties were 
investigated by measuring the oxygen transmission rate (OTR) using a permeation cell and the 
water vapor transmission rate (WVTR) using standardized stainless-steel cups. The ultraviolet-
visible (UV-Vis) transmittance has been measured to evaluate the optical transparency of the 
prepared specimens. 
The morphological characterization showed that adding PVA was essential for preparing 
defects-free coatings with improved adhesion to the substrate. Moreover, the EDS analysis 
confirmed the presence of a hybrid dense coating of both silica and alumina. The coated samples 
showed a significant decrease in the OTR from a value of 125 cm3 m-2 d-1 for the plain substrate 
to 16 cm3 m-2 d-1, while the WVTR decreased from 43 g m-2 d-1 to 32 g m-2 d-1. Lastly, all the 
coated samples resulted in light transmittance above 85%. 
The typical brittle nature of dense ceramic coatings, such as silica and alumina, has been 
reduced due to the presence of PVA as an additional organic phase, allowing for improved 
barrier properties compared to the pristine PET films. A comparable improvement in the WVTR 
can be achieved by using alternative alkoxides during the sol-gel synthesis. This work highlights 
the potential of mixed oxides thin coatings deposited on thin film as a sustainable alternative to 
multi-layer solutions for oxygen-sensitive food. 
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Nanosystems constituted by 2,7-dimethyldiazapyrenium (MDAP) dye incorporated in Zeolite L 
are artificial receptors with high affinity for little neurotransmitter molecules, even in 
physiological solutions. In this work the Zeolite L + H2O + MDAP system, an excellent nanosensor 
for the recognition of the neurotransmitter Serotonin, was analyzed by simulating its electronic 
excitations and UV-vis spectra using ab initio methods. 
Several configurations of the system were randomly selected from an ab initio molecular 
dynamics (AIMD) trajectory of the Zeolite L + H2O + MDAP + serotonine system, for which the 
coordinates of the Serotonin-MDAP aggregate and the nearest water molecules were extracted. 
For these configurations, the first twenty excited states were calculated at the CAM-B3LYP/6-
311++G(df,pd) level for the aggregate. The water molecules were treated as point charges. 
The association of the neurotransmitter with the dye causes a reduction in the intensity of the 
MDAP related peaks and the onset of a long-wavelength signal in the UV-vis spectrum, 
belonging to a charge transfer transition. The latter, regardless from the Serotonin 
conformation, exhibit higher wavelength and oscillator strength values in configurations having 
the π-systems of Serotonin and MDAP perpendicular to each other, a not excessively distorted 
MDAP geometry and a smaller Serotonin-MDAP distance. 
The introduction of AIMD made possible to associate different conformations of the Serotonin-
MDAP aggregate encapsulated in zeolitic channels with the fine structure of the experimental 
spectroscopic signal. The molecular-level factors that could influence the charge-transfer 
excitation were assessed by analyzing a few geometrical parameters of the selected 
configurations: Serotonin conformation, dihedral angles of Serotonin and MDAP, relative 
orientation of their π-systems and average Serotonin-MDAP distance. The latter depends on 
both the number and the position of water molecules around the aggregate: these can be located 
between MDAP and Serotonin, preventing them from coming any closer, or in positions that 
allow a closer contact between MDAP and Serotonin, changing the charge-transfer oscillator 
strength. Finally, this insight, which is not accessible experimentally, represents a fundamental 
basis for the improvement of artificial zeolite-based sensors for diagnostics and other 
biomedical applications. 
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Curcumin is a hydrophobic compound extracted from the rhizome of Curcuma longa, while 
hydroxytyrosol is a water-soluble molecule mainly present in Olea europaea. Both of them show 
outstanding antioxidant properties but suffer from scarce bioavailability and low stability in 
biological fluids. In this work, the encapsulation of these natural compounds into liposomes was 
realized to improve their oral bioavailability. Since liposomes themselves are characterized by 
physical instability, short in vivo circulation lifetime, and uncontrolled release properties, they 
were provided with two different polymer coatings to obtain an efficient gastrointestinal 
delivery. 
Liposomes with different compositions were formulated: Type 1, composed of lipids and 
cholesterol, Type 2 with also the polyethylene glycol (PEG), and Type 3 provided of additional 
shell of EudragitS100, a gastro-resistant polymer, soluble at pH ≥ 7 and insoluble at pH < 7. 
Liposomes of Type 1-2 of 100 nm in size were prepared by the extrusion technique. Liposomes of 
Type 3 were prepared by covering Type 2 liposomes with EudragitS100 through a pH-jump 
method. All samples were loaded with curcumin and hydroxytyrosol and subjected to a 
simulated in vitro digestion composed of a mouth (pH 6.75), gastric (pH 1.2), and intestinal phase 
(pH = 7.4) to investigate their stability. Finally, their antioxidant activity and cytotoxicity were 
evaluated. 
No significative differences were found concerning the loading capacity and encapsulation 
efficiency values for curcumin and hydroxytyrosol by varying the composition of the carrier. Only 
the sample with EudragitS100 demonstrated to prevent early releases of hydroxytyrosol during 
the mouth and gastric phases, while the presence of PEG prevents the micellization into the 
intestinal digestion and allow for cellular uptake of integral vesicles. Both curcumin and 
hydroxytyrosol retain a good antioxidant activity in liposomes and their action is cumulative. 
In this work the formulation of liposomes was optimized for the oral co-administration of 
curcumin and hydroxytyrosol providing the liposomes with a shell of both PEG and Eudragit 
S100, in order to exploit them for nutraceutical purposes. 
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Organic-inorganic hybrid nanocomposites can combine mechanical properties and 
biocompatibility of both organic macromolecules and inorganic nanomaterials. In particular, 
inorganic nanoparticles can induce magnetic and spectroscopic properties that can be exploited 
in several technological fields. For instance, luminescent or magnetic nanomaterials are useful 
in nanomedicine as contrast agents, while proteins can act as stealth agents. 
The interaction of inorganic nanoparticles with proteins is a matter of particular interest when 
studying their behaviour in a biological environment, especially for the development of new 
hybrid materials. 
Recently, investigation on hybrid monolayers of gold nanoparticles and α-synuclein, an 

intrinsically disordered protein associated with some neurodegenerative diseases such as 
Parkinson’s disease, have appeared in the literature. Due to particular variations of the chemical 
environment, α-synuclein undergoes structural changes from a disordered state to α β-sheet 

conformation that leads to the formation of fibrils, useful for the formation of hybrid films. 
We synthesized and characterized various nanoparticles (NPs) with different properties, as Au 
NPs, magnetic NPs and lanthanide doped fluoride NPs. Then, we prepared hybrid films with the 
various NPs and we investigated their spectroscopic and magnetic properties. 
All the prepared films maintain the peculiar properties of the NPs used in the preparation. Films 
produced with lanthanide-doped NPs show good emission properties. Films prepared with Fe3O4 
NPs exhibit magnetic properties while those produced with Au NPs show marked photothermal 
properties. Interesting combination of spectroscopic and heating properties are shown by the 
films composed by different kinds of NPs. 
Exploiting the peculiar aggregation behaviour of α-synuclein, it is possible to produce hybrid 
nanocomposites with different NPs possessing various functionalities, leading to the 
development of tailored films for multiple biomedical applications, as photothermal therapy and 
nanothermometry. The use of biocompatible nanomaterials and proteins as structural 
component, confers good mechanical properties and biocompatibility to the films. The possibility 
of combining several kinds of NPs enhances the plethora of nanocomposites that can be 
produced with multifunctional features, for many technological applications. 
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The development and optimization of molecular models is a complex and time-consuming 
activity. Reaching both experimental-consistency of observables and model transferability at 
different temperatures is often an ambitious goal. An emblematic case is the one of water, for 
which numerous models have been developed over the years. In this work, a new automatic 
optimization approach is proposed for the three-site variant. In particular, the aim of our work is 
to reproduce the microscopic characteristics of water in order to obtain accurate 
thermodynamic observables as emergent properties. 
The descriptor of the microscopic structure of water that is considered is the radial distribution 
function between its atoms. The radial distribution functions are used as an experimental 
reference to derive the model in an iterative fashion. The approach used in this work traces 
previous efforts of our group. In particular, an automatic optimization algorithm exploiting 
swarm intelligence will be used. Finally, the quality of the obtained model is tested at different 
temperatures in the liquid regime with respect to different thermodynamic observables. For 
completeness of the study, other popular three-site water force fields have been included in our 
analysis. 
For this purpose, we performed a series of optimizations under different conditions. In the first, 
only the radial distribution functions at room temperature were used as an experimental 
reference. In the second, we decided to include two other temperatures and other macroscopic 
data as reference, such as density and static dielectric constant. Finally, a series of optimizations 
are performed from different initial conditions. In this way, some practical considerations about 
the nature of the problem are obtained. 
The result of the first experiment shows that our model is the closest of those considered to 
reproduce the experimental radial distribution functions. However, a posteriori evaluation with 
respect to macroscopic observables shows that this fact is not sufficient to guarantee a 
satisfactory result. In fact, the absence of information about the nature of electrostatic 
interaction leads to inconsistent reproduction of the static dielectric constant. The model derived 
with the second experiment shows a general improvement in the reproduction of all quantities of 
interest in the liquid regime. We observe a general equivalence of our model to more recent and 
evolved ones. Finally, from the series of identical optimizations initialized with different initial 
conditions, it can be seen that the proposed solutions exhibit some curious trends. In particular, 
the size of the molecule is inverse to the absolute value of the charge. Moreover, the values of 
the dipole and enthalpy of vaporization are conserved. This unequivocally suggests that, in the 
optimization of three-sites water models, the physical limit of its representation is met. 
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In nature, a widely employed strategy for controlling chemical reactions involves 
accommodating the reactants in confined space. Enzymes, for example, can catalyze and control 
reactions with efficiency and fidelity by exploiting principles of molecular confinement and 
selective host–guest interactions. Aiming to mimic natural catalytic systems, chemists designed 
synthetic cavities that exploit specific and nonspecific interactions to accommodate reactants 
with high selectivity in confined space. Among them, self-assembled metal-organic cages that 
can encapsulate reactants in solution are becoming widely popular despite the understanding of 
the encapsulation dynamics of reactants and products still remains challenging. 
Molecular dynamics-based methods allow the investigator to achieve an exhaustive description 
of the equilibrium and kinetics of the guest encapsulation within the host and its reactivity. Within 
this framework we describe the system by using atomistic force-field commonly deployed in 
biophysics studies along with ad-hoc parametrization for the metal-cluster center. 
We primarily achieved a description of the equilibrium between species in a flexible-cage 
understanding its capacity limits in containing photoactive guests. These molecules can 
isomerize, upon activation, inside the host, affecting the residence-time of the molecule in the 
cage. At the same time, encapsulation can determine a severe slow-down of the isomerization 
reaction, which is observed to strongly depend on the cavity size and host-guest interaction 
within the cage. We also investigated the inclusion of different reactive molecular species inside 
the same host, showing the dynamics of mixing within between different photoactive species. 
We demonstrate how the guest uptake equilibrium is influenced by the free-energy cost 
associated with host reconfiguration upon guest encapsulation, and by the energy gain due to 
host-guest interactions. This competition determines the residence time of encapsulated guests 
inside the cage and the slowing down of the reaction rate. Our approach can provide clearer 
insight into the molecular factors that control structure, host-guest affinity, and dynamics, thus 
guiding the rational design, or customization, of systems with controllable reactivity. 
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Adipose tissue (AT) is a highly complex connective tissue involved in tissue homeostasis 
regulation. Alterations in its composition are detected during pathologies progression (i.e., 
breast cancer). Nowadays, 3D cell cultures have gained attention as innovative solutions to 
directly study cell-ECM interactions, in physiological and pathological conditions. Herein, we 
considered natural polymers (gelatin, Gel; hyaluronic acid, HA) to develop photocrosslinkable 3D 
hydrogels-based AT vascularized models, investigating their physical, mechanical, and biological 
properties. 
Gel and HA were methacrylated, dissolved in DPBS, poured in a silicon mold (∅ = 5 mm, h = 3 
mm), using a visible light photoinitiator (Ru/SPS) added at different concentrations. By visible 
light exposure (λ = 405 nm), GelMA (10% w/V) and HAMA (1% w/V) hydrogels were obtained. 
Then, materials were blended (10GelMA/1HAMA), prior to Ru/SPS addition, and 
photocrosslinked. In vitro stability was evaluated by immersion in water at 37 °C, and mechanical 
properties were investigated in compressive mode. Biological in vitro tests (Alamar Blue, 
LIVE/DEAD, adipogenic differentiation) were carried out by encapsulating preadipocytes 3T3-L1 
into the polymeric solution. Moreover, first vascularization attempts were performed by directly 
3D printing sacrificial ink (i.e., Pluronic) into the polymeric supportive bath. 
In vitro stability tests showed an initial swelling phase for GelMA, HAMA, and blend GelMA/HAMA 
hydrogels, followed by a stability behavior up to 2 weeks of water immersion. Evaluating 
compressive properties, all the samples exhibited a typical viscoelastic behavior, and 
enlightened how HAMA addition to GelMA increased samples elastic modulus (26.31 kPa, p < 
0.001) compared to pristine GelMA (13.18 kPa) and HAMA (1.75 kPa) hydrogels. Encapsulated 
preadipocytes showed an increase of metabolic activity and cell viability up to 14 days of cell 
culture; hydrogels cultured in differentiating medium allowed preadipocytes to differentiate into 
mature adipocytes. Lastly, hollow perfusable internal channels (400-600 μm) were obtained by 
sacrificial Pluronic 3D FRESH printing. 
The hydrogels resulted stable, and their features resembled the mechanical properties range of 
AT in physiological (0.5-6 kPa, HAMA) and pathological (10-40 kPa, GelMA and GelMA/HAMA) 
conditions. Moreover, biological tests showed the capability of the investigated hydrogels in 
allowing cells adhesion, growth, proliferation, and differentiation, to mimic the natural 
microenvironment. To date, preliminary attempts of perfusion tests were carried out, showing 
great potentiality of the innovative vascularization method. 
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Hydrogels (HGs) are three-dimensional polymeric matrices able to incorporate a large water 
content, displaying characteristics that are making them appealing tools as drug delivery 
systems. Considering that over the 40% of the marketed drugs and over the 60% of lead 
compounds in R&D have a hydrophobic character, the great hydrophilicity of HGs limits their 
loading with these structures. The introduction of β-cyclodextrins (β-CDs) in the HGs matrices 
could be useful to overcome this issue, since β-CDs are able to form inclusion complexes with 
hydrophobic molecules. In this work, β-CD-based host-guest supramolecular hydrogel systems 
were synthetized, investigating their physical properties and the influence of the matrix 
functionalization in the release of loaded model compounds. 
15 kDa Poly(vinyl alcohol) (PVA15000) was covalently linked to β-CDs as result of a radical 
reaction. Different (β-CD-PVA15000)/agarose ratios were combined with 2 kDa polyethylene 
glycol, Carbomer 974P, and 200 kDa agarose to produce functionalised HGs. After swelling and 
rheological tests, the formulations scoring the best physical properties were employed in the 
drug-release assays and fully characterised by means of 1H-NMR, HR-MAS, scanning electron 
microscopy (SEM), nano-computed tomography (nano-CT), and differential scanning calorimetry 
(DSC). Rhodamine B, Ibuprofen sodium salt, and Ibuprofen in its acidic form were tested as 
model drugs for the release assays. 
A novel HG formulation containing covalently bound β-CDs was developed; among the different 
PVA15000/agarose mass ratios tested, two were selected as showing the best physical 
properties and were used for the drug-release tests. The analyses confirmed a 13% grafting 
degree of β-CD on PVA15000, and a successful embedding of the β-CDs in the gel network, 
changing the rheological properties of the final material by conferring a major stability and 
rigidity to the scaffold. The functionalised HGs showed excellent performances in terms of 
control of drug release, especially in the case of Ibuprofen in its acidic form (16% released in 
24h). 
The produced β-CD-HGs were demonstrated to be a promising tool for controlled drug release 
of hydrophobic drugs, and this approach is now extended to biopolymers for analogue β-CD-HGs 
formulations. 
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Stainless steels have a widespread use due to their resistance to general corrosion in many 
environments. Among the different types, ferritic and austenitic stainless steels have low 
hardness and wear resistance, which may limit their use. Modification of the surface 
characteristics can be performed using low temperature nitriding, which produces 
supersaturated N rich solid solutions, known as expanded phases. The formation of these phases 
without the precipitation of nitrides is a challenge for ferritic an d low Ni austenitic stainless 
steels, as it is reported in this study. 
Prismatic samples of AISI 430 ferritic grade and AISI 202 austenitic grade, having a 2D surface 
finishing (Ra ~0.2 μm), were glow discharge nitrided at 380, 400 or 430 °C, 10 mbar, for 5 h, using 
a gas composition of 80%vol N2 + 20%vol H2. Microstructure, phase composition and surface 
microhardness (Knoop indenter, 25 gf) were assessed. Corrosion resistance was studied in an 
aerated 5% NaCl solution with the potentiodynamic method. 
The modified surface layer of the AISI 430 samples, nitrided at 380 and 400 °C, was faintly 
delineated by the chemical etching. Deformation bands were observable, which extended in the 
substrate. Expanded ferrite and a N rich h.c.p. phase formed. For 430 -°C nitrided samples large 
etched zones were observable, due to the formation of nitrides. Surface hardness increased and 
ranged from ~1530 (T=380 °C) to ~1830 (T=430 °C) HK0.025. For AISI 202 steel, the modified surface 
layer consisted mainly of expanded austenite, and it was well delineated and separated from the 
matrix by a strong etched line. Many slip lines were observable. The localised plastic 
deformations caused also the formation of N rich h.c.p. ϵN’-martensite. In 430 -°C nitrided 
samples etched zones are observable, due to the formation of nitrides. Surface hardness ranged 
from ~940 (T=380 °C) to ~1380 (T=430 °C) HK0.025. Corrosion tests showed that the presence of 
phases different from the expanded ones influenced corrosion resistance much more for AISI 
430 than AISI 202. 
The formation of expanded austenite in AISI 202 allowed to increase both surface hardness and 
maintain corrosion resistance, even if hcp martensite or small amounts of nitrides formed. On 
the other hand, the formation of a heterogeneous surface layer consisting of expanded ferrite 
and N rich phases (h.c.p. phase, nitrides) was able to increase surface hardness of AISI 430, while 
corrosion resistance tended to decrease, probably due to galvanic effects of the different 
phases. 
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The most commonly used binder in brake friction materials is phenolic resin, although it exhibits 
some drawbacks related to its crosslinking mechanism, such as limited shelf life and evolution of 
gaseous by products. Benzoxazine resins offer attractive properties in this regard, thanks to 
their ring opening polymerization mechanism. In this study, the curing mechanisms, the thermal 
stability and the binder capabilities in friction materials of Benzoxazine resins are investigated. 
Two different Benzoxazine resins w ere compared with a commercial phenolic resin, both as neat 
resins and inside a friction material composition. The samples underwent DSC and TGA thermal 
analysis, in different atmospheres, hardness testing and the friction material specimens were 
also subjected to tribological testing using a Pin on Disc tribometer. 
DSC analysis showed that Benzoxazine resins require higher processing temperature respect to 
phenolic resin. More than one crosslinking process could be identified, which was confirmed by 
Kissinger analysis. TGA showed better thermal resistance in the range of interest for the 
application in friction materials. The produced friction materials showed satisfactory tribological 
properties. 
The presence of different crosslinking mechanisms during the curing process of Benzoxazine 
resins entails that the production procedure of friction materials containing them can be 
optimized. The friction materials samples hereby tested could not follow an optimized 
production procedure due to equipment limitations. Nevertheless, the tribological results were 
really promising in terms of both friction coefficient and wear resistance. The improved thermal 
resistance bestowed to the friction material by the adoption of Benzoxazine resin binder is also 
really promising, suggesting that the friction materials containing them are likely to offer better 
performance in harsher braking conditions respect to conventional friction materials, even if 
their processing has yet to be optimized. 
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Coatings are often a desirable choice when an auxiliary protection to metallic materials is 
requested. This could be the case for titanium and its alloys employed in applications requiring 
high reliability like aerospace, space, and chemical industry. Plasma electrolytic oxidation (PEO) 
is a technique offering a great deal in terms of surface functionalization, generating thick oxides 
with excellent adherence and crystallinity. 
Anodization treatments were performed in an acidic water-based solution (0.5 M H2SO4) in a 1 L 
Pyrex and alkaline baths (1 M NaOH) containing 0.04 M of one organic additives among glutaric, 
glutamic or tartaric acid. Ti samples were incorporated into an epoxy resin and polished with 
emery papers according to the sequence 100, 320, 600, 800, 1200, 2400/4000 mesh, and alumina 
particles to obtain a mirror like surface with arithmetic average roughness (Ra) down to ~ 0.8 
μm. The anodization was performed by the fully programmable California Instruments Asterion 
751 series AC/DC power source. 
The output of PEO performed in acid results in moderately thin (<8 μm), compact, and crystalline 
Ti oxides generally presenting improved corrosion resistance with respect to thicker coatings 
(even ~100 μm) characterized by porous and badly sintered architectures. This behavior can be 
in principle justified by the different plasma regime established during the process, founded to 
be very dependent on the solution chemistry adopted. For example, PEO Ti oxides synthetized in 
H2SO4 are known for their high level of crystallinity (mainly rutile) but also for the relatively low 
thickness (generally <10 μm), posing an essential limit against a possible industrial application. 
On the other hand, PEO oxides grown in alkaline solutions, like 1 M NaOH, can be very thick even 
if they resemble characteristics much more typical of a deposition process rather than an anodic 
high-field growth. 
The addition of organic additives, to an alkaline solution of 1 M NaOH, provides the opportunity to 
modulate the plasma developing over the sample surface combining high thickness and a good 
degree of compactness. In particular, organic additives presenting only carboxylic functional 
groups (like glutarates) were found to be effective in protecting the electrode from violent 
sparks, however inhibiting too much the oxide growth. A better result was obtained using 
glutamates, combining high thickness (>30 μm) and a good level of compactness. 
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Additive manufacturing (AM) is playing a crucial role in the world of manufacturing due to its 
high flexibility, geometrical accuracy, reduced time and costs, and minimal waste production. 
Selective laser sintering (SLS) is considered the most favorable AM approach for plastics. SLS is 
a powder bed fusion process where the fabrication of 3D objects is achieved by successive layer-
wise selective melting of powders by employing a laser. It requires good powder flowability, 
which critically depends on the particle shape. Novel powders of good processability are 
essential to broaden the application fields of powder-based AM process. Bio-based and 
biodegradable polymers which have attracted great attention due to the ever-increasing interest 
in sustainable materials can be good candidates for SLS applications. 
This research focuses on the preparation and characterization of novel microspheres, obtained 
by oil-in-water emulsion solvent method, with the purpose to use them for the first time as 
powders for SLS, starting from poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) (PHBH) as 
biomatrix, dissolved in chloroform and added drop-by-drop to an aqueous solution of poly(vinyl 
alcohol). 
The synthesis parameters were optimized to improve morphological, thermal and flowability 
properties of PHBH microspheres. The results revealed that microspheres showed specific 
particle size and sphericity useful to be processed by AM. The PHBH microspheres were used to 
study their effective 3D printability using geometries varying from simple shapes to more 
complex architectures. We realized samples with monolayer geometries with increasing 
complexity, and samples with more complicated structures and a higher number of layers. 
This study certainly deserves further investigation to better evaluate the scalability of the 
microsphere fabrication process, and to optimize the additive manufacturing process to obtain 
more complex 3D structures. However, with this preliminary research work, we have opened 
promising future scenarios for novel applications of this sustainable biopolymer. 
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Zirconium diboride is a refractory compound that is of great interest for aerospace applications, 
thanks to the combination of high melting point (~ 3246°C), good electrical and thermal 
conductivity, high thermal shock resistance and low density (6.1 g cm-3). Nevertheless, 
widespread use of ZrB2 has been hindered by its intrinsic low sinterability, due to the strong 
covalent bonding and the presence of surface oxide on the powder particles which promote 
coarsening over densification at low temperatures. In this work, ultrafast high-temperature 
sintering (UHS) was used to obtain dense (> 95% TD) ZrB2-based samples in just 2 min of 
sintering treatment. 
Commercially available ZrB2 (Höganäs Grade B) was used in this work, with the addition of B4C 
as sintering aid. 2 mm thick disks were pre-pressed under 500 MPa in a 6 mm diameter die. The 
samples were sintered within a 6 x 16 x 63 mm3 graphite felt, with 23 mm span between the 
electrodes. 32 and 35 A were applied to Joule heat the felt for 15, 30, 60, and 120 s. Such 
parameters allowed to reach estimated temperatures as high as 2400 °C within a couple of 
minutes. 
As expected, despite the high sintering temperature and heating rate, pure untreated ZrB2 did not 
reach densities above 87% TD. Instead, the addition of 10 wt% B4C increased the final density to 
97.5% TD under the same conditions. The hardness of such sample was 17.8 GPa, significantly 
lower than that reported in the literature for hot pressed ZrB2 (around 23 GPa), but in line with 
the values achieved by pressureless sintered ZrB2 (i.e., where sintering is accompanied by 
significant grain growth). 
The application of two different currents during UHS allowed to explore the twofold effect of the 
addition of 10 wt% B4C on ZrB2 sintering. Under every sintering condition, B4C reacted with and 
removed the ZrO2 surface layer that inhibits sintering. Even higher densities could be achieved 
during the treatments performed at 35 A, where liquid phase sintering took place because the 
temperature was above the melting point of B4C (~ 2350°C). 
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The decarbonisation is a very important topic today for a successful energy transition. 
Consequently, replacing traditional energy carriers with low-impact ones, such as hydrogen 
produced using the energy surplus from renewable sources is a promising strategy. 
Unfortunately, hydrogen has critical problems of materials compatibility, because it can 
penetrate and diffuse inside metals even at room temperature and it concentrates in critical 
areas leading to hydrogen damage. Several research studies were conducted throughout the 
years all around the world to evaluate hydrogen embrittlement (HE) in metals. The HE effects 
are difficult to analyse, due to the necessity to know the exact hydrogen concentration inside the 
material. Furthermore, in many cases these analyses are carried out ex-situ, thus different delay 
times from the end of the test can affect the results. The purpose of this work is to determine the 
amount of diffusible hydrogen in a carbon steel, via different tests solutions and applied 
overpotentials, also considering the time that elapses between charging and discharging steps. 
The tests were carried out by electrolytically charging with hydrogen some specimens of carbon 
steel, varying the applied cathodic potential from -1V to -1.8V vs SCE in deaerated solutions of 
sodium bicarbonate, sodium carbonate/bicarbonates and NaOH 0.1M (with 7, 10 and 13 pH 
respectively). Each polarization lasted 15 h. At the end of the charge step, the specimens were 
anodically polarized at +0.306V vs SCE in the same solution or in NaOH 0.1M, measuring the 
anodic current over time. The time integral of the anodic current corresponds – by means of the 
Faraday law – to the total diffusible hydrogen inside the metal. The hydrogen trapped cannot be 
measured in this way. The tests were than repeated leaving the specimens in air for different 
times (7 mins or 1 h), prior to measuring the diffusible hydrogen content. 
The charging steps saturated the sample of hydrogen completely because the variation in total 
charge over time was constant towards the end of the polarization step. The total charge 
calculated in the discharge phases increased with the applied overpotential, independently of the 
pH and the charging solution. So, the concentration of adsorbed hydrogen grew and 
consequently the concentration of hydrogen absorbed varied. Another important finding was the 
time effect between charge and discharge steps while the sample was left in the atmosphere. 
These results showed that after 7 mins about the 70% of hydrogen loaded in the sample came 
out in atmosphere, and after 1h about 80%. This effect must be considered in the determination 
of the total hydrogen content after HE tests. 
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Puncture activated self-healing is an autonomic mechanism which is exhibited by a number of 
thermoplastic polymers, and in particular by ionomers, provided specific conditions are met. 
Extensive experimental research has been conducted to study how material properties, damage 
circumstances, environmental conditions affect self-repair efficiency after punctures. 
Experimental approaches to enlighten the relationships between viscoelastic properties and 
temperature increase in ionomers have been employed by means of mechanical tests and 
thermal measurements. The self-healing properties depend on different factors such as the 
projectile diameter with respect to the thickness of the specimen, the impact speed, the angle of 
impact, the temperature and the fluid in contact with the specimen. Several impacts on panels 
made of thermoplastic ionomer by spherical projectiles are analyzed by experimental tests. The 
results of an extensive experimental campaign for the material characterization and for the 
impact/healing effects are reported. 
The material employed in the experimental work is a thermoplastic ionomer Ethylene co-
Metacrylic Acid (EMAA), whose commercial name is Surlyn® 8940 produced by DuPontTM. 
Flat panels 2 or 3 mm thickness were produced by compression molding. All panels were 
allowed to reach equilibrium conditions for at least 30 days before testing. Low velocity (160 - 
200 m/s) puncture tests of polymer flat panels were conducted with steel balls launched by an 
air gun. In this range of velocities, different impact angles (45°-70°) were investigated. A real 
case application was studied by substituting one face of a cylindrical liquid tank with the ionomer 
under investigation. The tank was filled with water and post impact leakage was monitored. 
Experimental tests showed how, at the same impact speed, an increase of the impact angle 
always caused the perforation of the specimen. In any case after the impact the healing event of 
the specimen was verified by applying a pressure difference between the two faces of the 
specimen in order to check for pressure variations. At low angles of impact, self healing was 
always observed, while at higher angles (60°-70°) self-healing occurred only at higher speeds. 
The presence of water did not influence the ability of the ionomer to heal. 
The ionomers used for this work showed a good self-healing behaviour under different impact 
conditions, even if at higher impact angles, speed is a critical parameter. Also, the presence of 
fluid in contact does not seem to interfere with the healing mechanisms. This kind of materials 
could be further studied in all those applications where pressurization conservation is 
mandatory, as is in the space field. 
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Renewable energy sources are, for their very nature, fluctuating, and potentially generating 
extreme conditions. Adaptation and optimization of current processes to changes caused by 
increased use of renewable energy sources is particularly important in energy-intensive 
industries. In this context novel materials are needed to sustain conditions, such as higher 
temperatures and corrosive environments and, at the same time, guarantee energy efficiency 
and high-performances: microwave assisted chemical vapor infiltration novel process for the 
production of ceramic matrix composites can be a viable solution. 
Ceramic Matrix Composites (CMCs) produced with the use of a Microwave-assisted Chemical 
Vapor Infiltration (MW-CVI) method combine reinforcing ceramic phases with a ceramic matrix 
to create materials with superior properties which include high toughness, high-temperature 
stability and low density, providing unique engineering solutions to some of the challenges 
arising from the climate change. In CEM-WAVE project an innovative CMC production process 
will extremely reduce processing costs, thus making CMCs sustainable for process industries in 
energy-intensive sectors such as steelmaking. 
In this contribution, the results deriving from experimental trials carried out on different pilot-
scale SiCf/SiC preforms and the main operating parameters controlling the SiC matrix 
deposition quality will be presented along with the latest solutions and challenges currently 
addressed in the framework of the European CEM-WAVE project. 
MW-CVI process can be a clean and attractive alternative for CMCs production due to the fast 
and selective heating mechanism, low consumption of reactants and production of waste 
products with simpler plant setups compare to other CVI process variants. The volumetric 
microwave heating mechanism has been exploited to achieve an inside-out densification of the 
material resulting in a potential reduction of about one order of magnitude of the total 
processing time. 
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Silica-based materials have become one of the most frequently used materials in various 
branches of science and industry. The versatility of silica nanoparticles (NPs) originates from 
their extraordinary stability and mechanical resistance as well as the possibility of controlling 
through synthetic and functionalization processes their morphology, dimension, and surface 
chemistry. In this context, the present work aims at investigating new functionalization 
approaches for the construction of complex hybrid materials. In particular, the focus is on the 
development of silica NPs having different surface chemistries on their hemispheres, the so-
called Janus NPs (JNPs). 
Starting from tetraethoxysilane, H2O and NH4OH solution, silica NPs were synthesized by the 
Stöber method. The resultant silica NPs were hydrophobized with cetyltrimethylammonium 
bromide and, by preparing a Pickering emulsion, localized at the interface between water and 
paraffin wax spheres. Once the emulsion was recovered, the exposed silica hemispheres were 
functionalized with 3-aminopropyltriethoxysilane (APTES) introducing anchoring points for the 
grafting of commercially available polymers having succinic anhydride functionalities, such as 
polystyrene. All NPs samples were characterized by spectroscopic, morphological and 
thermogravimetric analysis. 
Through the optimization of the Pickering emulsion preparation by a combination of 
thermogravimetric, ζ-potential and morphological analyses, silica NPs of different sizes have 
been successfully localized on the wax spheres. By investigating the best functionalization 
conditions, JNPs having 1.5 wt% of APTES were obtained. In addition, the APTES-functionalized 
JNPs were grafted with polystyrene chains (2.6 wt%). By dispersing the resultant polymer-
grafted JNPs in a mixture of toluene and H2O, it is possible to observe their selective localization 
at the interface. 
The developed preparation procedure allows to obtain Pickering emulsions with a good stability 
even with silica NPs of 30 nm. Given its versatility, the same method could be employed for NPs 
of different nature, introducing an effective control on their functionalization. 
In the next future, additional characterization approaches will be employed to confirm the 
localization of the silane and polystyrene chains on one hemisphere and to analyze the 
properties of these anisotropic hybrid materials. 
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Additive manufacturing (AM) technologies grew continuously in recent years, due to the 
possibility to manufacture lightweight components with complex geometries, difficult or 
impossible to achieve with traditional technologies. AM technologies are particularly interesting 
to process materials for applications in aerospace, marine and automotive industries. In these 
fields, Al alloys are of primary importance, due to their high specific strength and resistance to 
corrosion in many environments of engineering interest. The recent trend in AM processes is to 
shift from alloys in the Al-Si group, currently very popular because of their high processability, 
to alloys in the Al-Cu group, expressly designed for AM applications and able to get higher 
mechanical properties. However, AM-processed alloys exhibit microstructures radically 
dissimilar from traditionally-manufactured materials, resulting in different mechanical and 
corrosion behaviors. The development of AM-specific alloys requires specific studies to 
characterize the behavior of these materials in operating conditions. Therefore, in this work two 
different Al-alloys were compared: a traditional Al-Si alloy and an experimental Al-Cu alloy. 
LPBF-produced AL2139 AM and AlSi10Mg specimens were investigated. The samples were 
considered in both untreated and heat-treated conditions (T4 and T6 respectively for AL2139 AM 
and AlSi10Mg). The experimental activities involved microstructural and phase characterizations, 
via optical and scanning electron microscopies. Corrosion behaviors in a chloride-rich 
environment were studied by means of electrochemical impedance spectroscopy (EIS), 
potentiodynamic polarization and selective corrosion susceptibility tests. 
The microstructural analyses showed substantial differences between the two alloys analyzed, 
observing copper-rich second phases in the AL2139 AM alloy and idiomorphic silicon in the 
AlSi10Mg alloy. The distribution of the phases changed considerably as a result of the heat 
treatments, which tend to redistribute them homogeneously within the material. The composition 
and distribution of the identified phases determined the corrosion mechanisms observed with 
potentiodynamic and selective corrosion tests. AL2139 AM showed an active behavior while 
AlSi10Mg formed a stable oxide film that determined an active-passive behavior. Both the alloys 
exhibited a certain susceptibility to selective corrosion attacks, either intergranular and inter-
melt pool. This behavior was significantly reduced after heat-treatment, especially in AL2139 
AM, mainly due to the disappearance of the melt pool macrostructure. Moreover, the EIS tests 
showed the poor protection of the oxide film formed during AM processing. 
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Pure copper is widely employed in electronic, electromagnetic, and heat management 
applications due to its excellent electrical and thermal conductivity. Laser powder bed fusion 
(LPBF) of pure copper have been investigated in recent years because it has the potential to 
create complex components, such as heat exchangers, antennas, and inductors, with optimized 
topology and improved performance. The main challenge in processing pure copper through 
LPBF is its low absorbance of the laser energy when conventional infrared laser sources are 
employed, which results in a substantial residual porosity negatively affecting the thermal and 
electrical performance of the printed parts. A higher absorption rate is observed when 
employing green laser sources. 
Pure copper specimens have been manufactured using commercial LPBF machines equipped 
with infrared and green laser sources, respectively. Surface morphology and microstructure of 
as-printed parts have been characterized through optical and scanning electron microscopy. 
Electrical and thermal properties have been measured through Eddy current testing and Laser 
Flash Analysis, respectively, in both build and transversal direction to evaluate the effect of the 
process-induced anisotropy. 
As-printed parts exhibited an extremely rough lateral surface, featuring a large amount of 
partially sintered particles. The roughness of planar surfaces was effectively reduced by 
mechanical finishing operations with abrasive media, but a chemical-mechanical treatment was 
needed to also penetrate the innermost areas. An almost defect-free microstructure with 
columnar grains growing along the build direction, with a relative density of about 99.3%, was 
observed for both types of specimens, resulting in a correspondingly similar microhardness 
around 75 HV. As regards the thermophysical properties, values well above 90% of electrical 
conductivity and thermal diffusivity were measured for both types of samples. However, slightly 
lower electrical and thermal properties were measured in the transversal direction compared to 
the build direction. 
Experimental results indicate that the nature of the laser does not significantly affect the 
microstructural, mechanical, and physical properties of pure copper processed through LPBF 
when optimal processing parameters are selected. On the other hand, the microstructure 
anisotropy induced by LPBF results in different electrical conductivity and thermal diffusivity in 
the build and transversal direction. 
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In recent years, the use of polyurethanes (PUs) has enormously increased in the industrial 
context thanks to their versatile synthesis and tunable physicochemical properties. Nowadays, 
PU-based materials are massively used in many fields; however, they present some critical 
environmental concerns, like the massive use of fossil-based components and mercury-based 
catalysts (now significantly restricted by European legislation). It is, therefore, essential to 
implement alternative reagents and catalysts, aiming to improve the sustainability of 
polyurethanes while reducing resource consumption and carbon footprint. Bio-based and 
recycled precursors can be valid candidates for an industrial symbiosis toward more sustainable 
and circular PUs. 
In this contribution, a commercial polyurethane resin formulation for LED encapsulation has 
been investigated to implement bio-based and recycled components and remove the toxic 
catalyst while maintaining optimal characteristics in terms of optical transparency, UV light and 
thermal stability. Specifically, a facile and solvent-free procedure will be presented for a new 
and eco-friendly PU formulation in the optoelectronic field.  
An Experimental Design (DoE) approach was successfully applied. The DoE is a multivariate 
statistical method that simultaneously evaluates the influence of different factors on the 
selected responses, giving information on the whole experimental domain.  
Fossil-based components have been substituted with bio-based and recycled ones. Bis(2-
hydroxyethyl) terephthalate (BHET) was directly implemented in the formulation as an example 
of waste-derived material. Market-level optical transparency (%T555nm = 88%) and thermal and UV 
light stability values have been maintained throughout this optimization process. DoE allows us 
to face all the formulation and process variables involved, understand the most influential 
factors on the formulation process, and ensure the most economical and efficient analysis. 
 
 
 
 
 
 
 
 
 
 
 

              P 23 



MULTIFUNCTIONAL EPDM/PARAFFIN FOAMS COUPLING SHAPE 
MEMORY BEHAVIOR AND TES PROPERTIES 

 
Bianchi M1,2, Valentini F1,2, Fredi G1,2, Dorigato A1,2, Pegoretti A1,2 
 
1Department of Industrial Engineering, University of Trento, Trento, Italy 
2National Interuniversity Consortium of Materials Science and Technology (INSTM), Florence, 
Italy 

 
Nowadays ethylene propylene diene monomer (EPDM) foams are widely employed for thermal 
and acoustic insulation in residential and non-residential buildings. However, their installation in 
confined spaces is often complicated, and the capability of EPDM foams to exhibit a shape 
memory behavior could be thus desirable to overcome such limitation. In the literature, several 
works have demonstrated that blending elastomeric matrices with paraffin, a well-known phase 
change material (PCM), could be an interesting method to obtain shape memory polymers with a 
tunable switching temperature. 
In order to improve the applicability of elastomeric insulating panels in the building sector, 
EPDM foams filled with a paraffin wax, having a melting temperature of 70 °C, were produced 
and characterized from a microstructural and thermo-mechanical point of view. Samples were 
prepared by melt compounding and hot pressing, and the PCM content in the foams was varied 
between 0 and 60 wt% (with respect to the EPDM compound). 
The results of the shape memory tests evidenced the crucial role played by the PCM in providing 
excellent shape fixability for the expanded rubber. It was found that even a limited amount of 
paraffin was able to raise the strain fixity parameter to a value higher than 80%. On the other 
hand, a slower recovery process was highlighted with increasing PCM content. Consequently, a 
compromise between a fast recovery and an optimum shape fixability should be determined. 
Differential scanning calorimetry (DSC) demonstrated that the EPDM/paraffin foams were 
endowed with noticeable thermal energy storage properties, especially at higher PCM contents 
(up to 145 J/g with a paraffin amount of 60 wt%). 
These results made EPDM foams potentially easier to be installed and interesting to be used for 
thermal management applications. 
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Hydrated salts are considered interesting materials for thermochemical storage at temperatures 
below 100 °C because easily dehydratable and with a good energy density. The major limitation 
of hydrated salts is their poor structural stability because they can easily give rise to 
deliquescence or fusion in the most hydrated states even at low temperatures. For these 
reasons, hydrated salts are difficult to use as storage materials despite the numerous 
advantages they present. In this work we propose the synthesis and characterization of 
microfibers obtained by electrospinning made of hydrated salts (CaCl2, MgSO4). 
The electrospinning, a simple, economical and easily transferable process at an industrial level, 
was used to produce microfibers. The apparatus consists of a syringe, a grounded collector and a 
high voltage power supply. In the spinning process, the syringe is filled with a polymer solution 
and a high voltage is applied between the syringe nozzle and the collector. The interaction 
between the charged polymer solution and the applied electric field provides the extrusion force. 
Polymer based microfibers were realized starting from polyvinylpyrrolidone precursor, an 
hydrophilic polymer, solubilized in ethanol. Hydrated salts, such as calcium chloride, were then 
added to the basic polymeric solution at different weight concentrations. 
A compact fibrous mat was produced and fully investigated by complementary investigation 
techniques. In particular, a uniform distribution of microfibers was obtained, characterized by a 
homogeneous structure with no evidence of undissolved crystals of salt, that resulted indeed 
completely integrated and bonded in the microfibers. 
The developed innovative material resulted stable in the temperature range of interest, below 
150°C and moreover showed interesting adsorption properties. High structural stability and high 
resistance to deliquescence phenomena were also observed and therefore particularly advisable 
for the thermochemical storage at low-temperature. Preliminary results of permeability 
confirmed high values, suitable for the proposed application. 
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The chemically ordered L1(0) alloy has gained a lot of interest in ultrahigh density magnetic 
recording and permanent-magnet nanocomposite because of its large uniaxial  
magnetocrystalline anisotropy but these chemically ordered alloys are also interesting for 
catalysis due to their peculiar properties. We test our method with FePt, CoPt and NiPt alloys. 
A smart synthesis strategy exploiting the use of crystalline precursor salts, which until now has 
only been applied to the FePt system, was here extended to other binary alloys (CoPt, NiPt) with 
the aim of demonstrating the high potential of such a method and formulating a comprehensive 
explanation of the underlying process. Indeed, by exploiting the natural order of M(H2O)6PtCl6 (M 
= Fe, Co, Ni) crystalline precursor salts, consisting of M and Pt atoms on alternating planes that 
mimic the atomic arrangement of the L1(0) structure, highly ordered MPt alloy nanoparticles 
were obtained at lower processing temperatures and shorter reaction times than ordinary 
thermal processes, thus demonstrating the effectiveness and versatility of such an approach for 
the synthesis of L1(0) alloys. 
The alloys prepared with Pre-ordered Precursor Reduction (PPR) require a heat treatment with 
temperatures lower than the normal chemical sorting syntheses and a much higher chemical 
order is obtained. 
Comparing the results from the three (FePt, CoPt and NiPt) different systems allowed a better 
comprehension of the underlying process, which involves the simultaneous occurring of the salt 
decomposition and the L1(0) ordering process. Indeed, differently to all the other existing 
approaches where thermal treatments are exploited to induce the disorder/order transition, the 
proposed strategy, which here we call Pre-ordered Precursor Reduction, is based on the 
opposite paradigm that is the preservation during the thermo-chemical treatment of the 
chemical order provided by the crystal. Thus, by properly choosing the starting salt, the 
proposed method can be used to synthesize a wide class of alloys, including those systems 
whose ordering formation is limited by kinetic and thermodynamic constraints. 
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Metallo-supramolecular cages (MSCs) are interesting systems that display a wide range of 
applications spanning from magnetism to catalysis in confined cavities. Their optical and 
magnetic properties are orchestrated by several components including the metal ions, the 
nature of ligands (spacer length, flexibility, binding groups, and steric hindrance) and of the 
guest (dimension). To drive the synthesis of MSCs and to fully exploit their functional properties, 
robust computational tools are crucial. The capability to model and rationalize different 
parameters that can influence the outcome is mandatory. Here, quadruple-stranded [Ln2L4]2-

cages and smaller selected models are used to systematically investigate these blanks. We 
report computational insights into the factors that can determine the functional supramolecular 
behavior of [Ln2L4]2- cages, such as helicate vs mesocate isomer and host-guest based chirality 
sensing, coupled to luminescence properties such as the intensity of the emission spectra and 
the magnetic parameters. 
Different QM calculation set-ups (vacuum, solvent, solvent and dispersion correction) were 
considered. The ADF program was employed for calculations with the PBE functional (TZ2P basis 
set). Solvent effects were considered using the COSMO (acetonitrile), while dispersion 
corrections were included as implemented by Grimme. 
The comparison with SCXRD experimental data for the [Ln2L4]2- cages shows that QM calculations 
can reproduce the larger stability of the helicate with respect to the mesocate. The rigidity and 
the steric hindrance of the ligand scaffolds influence their relative stability. In particular, for 
host-guest based chiral sensing, DFT clarifies the association driven-force and can be rationalize 
the different chiral response for the different cages by studying the helicity inversion according 
to a Bailar twist. On the other hand, smaller models are used to explain the relation between the 
variation of the luminescence spectra and the increment of the aromaticity of the ligands and 
also to reproduce their magnetic parameters comparing with the EPR spectra. 
Outcomes show that geometrical parameters, stability of the different isomers, helicity inversion 
and host-guest properties can be described with accurate QM calculations on the quadruple-
stranded [Ln2L4]2-. In these cases, calculations on the entire cage are crucial because the 
functional properties are mainly due to the rigidity/flexibility and steric hindrance of the ligands. 
On the contrary, the luminescence and EPR properties can be correctly rationalized by using 
smaller models. Then, QM calculations have proved to be a priceless tool to rationalize and 
predict different functional properties of complex systems such as metallo-supramolecular 
architectures. 
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Plexcitons, that is, mixed plasmon-exciton states, are currently gaining broad interest to control 
the flux of energy at the nanoscale. Several promising properties of plexcitonic materials have 
already been revealed, but the debate about their ultrafast dynamic properties is still vibrant. 
Here, pump−probe spectroscopy is used to characterize the ultrafast dynamics of colloidal 
nanohybrids prepared by coupling gold nanoparticles and porphyrin dyes, where one or two sets 
of plexcitonic resonances can be selectively activated. 
Our data confirmed that the ultrafast dynamics of plexcitonic nanohybrids are strongly affected 
by the presence of a reservoir of states including plasmon resonances and dark states and can 
be tuned acting on the experimental conditions (excitation wavelength and fluence). By 
considering samples with a different number of interacting plexciton resonances (so to change 
the distribution of states belonging to the “reservoir”) and modulating the pump fluence, it was 
possible to record relaxation dynamics with time constants spanning a range of at least 1 order 
of magnitude. 
While further investigations on different nanohybrids under different experimental conditions 
(especially excitation pump wavelength) are still needed to verify the generality of this 
phenomenon, our findings suggest that it should be possible to exploit these mechanisms to 
control the dynamics of plexciton systems over a significantly large time span. This opens a 
possible interesting perspective for effectively using the strong coupling to modify rates of 
molecular processes and chemically relevant reactions. 
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Supramolecular and quasi-crystalline structures are characterized by non-trivial internal 
dynamics defining their behaviours and properties. Trough computational tools like Molecular 
Dynamics it is possible to simulate the motion of molecules at different spatial and temporal 
resolutions. This is particularly important for complex molecular systems, containing rich 
internal dynamics. Here we propose an analysis that aims at characterizing the intrinsic 
properties of molecular structures, like phase coexistence and chemical features, focusing on 
the behavior of their constituent units by following the changes in terms of neighbor 
environments around each molecule within the structure. 
First, we collect the contact identities of each sub-unit with each other's, and we analyze, from a 
probabilistic point of view, the frequencies of contacts between each pair of assembling units 
along their dynamics. The resulting distributions are classified according to an unsupervised 
clustering technique. Each cluster identifies a region where molecules behave on average 
similarly in terms of variability of neighborhoods. Second, we define the LENS descriptor, based 
on the temporal evolution of the local changes during time, and classify the descriptors 
distribution with clustering technique. This analysis gives information about the evolution of the 
neighboring environment of each building blocks along the dynamics, and it provides insights 
about the mobility of the molecules among clusters. 
As case studies, we tested the analyses on bi-component supramolecular assemblies, 
DPPC/DIPC lipid bilayer mixture and F-NP/ H surfactant bi-component micelle by identifying 
their components. Then, we applied the same approach to DPPC lipid bilayer at three different 
temperatures, identifying phase transition and coexistence. Moreover, we succeed to distinguish 
phases also in a box of ice/liquid water under coexistence conditions. To enquire the limit of the 
analysis, we applied it on crystalline systems, intrinsically different from the ones analyzed 
before: a copper surface at 600K, identifying the discrete dynamics of the surface, and an 
Icosahedral Gold nanoparticle, finding collective motion of the surface. 
We propose a new approach that allows to extract information about both the dominant regions 
characterized by different dynamics, and the local changes of the environment during time, 
estimating both the average frequencies distribution and the LENS descriptors, representative of 
the neighborhood changes. In general, the two analyses allow capturing the dynamic 
diversity/uniformity within the systems, providing precious information on the mechanisms 
underpinning the dynamical changes and behaviours of a variety of complex systems. 
 
 
 
 
 
 
 
 
 
  

              P 29 



STUDIO DFT PER L’IDROGENAZIONE DELLA CO2 A METANOLO SU 
Cu(111) 

 
De Luca F1, Abate S1, Centi G1, Perathoner S1 

 
1Department of ChiBioFarAM (Industrial Chemistry), University of Messina, ERIC aisbl and 
INSTM/CASPE, Messina, Italy 
 
The excess burning of fossil fuels leads to an increase in CO2 concentration in the atmosphere. 
During the first half of 2022, NOAA’s measurements report a rise of 50% respect with to the pre-
industrial levels. Fortunately, CO2 is able to be converted into valuable chemicals/fuels. Methanol 
is one of the desirable products thanks to its significant importance in the chemical and energy 
industries. 
Computational calculations were performed, using density functional theory (DFT), to investigate 
the Reaction and Activation Energy (Ea) of the elementary steps required in the hydrogenation of 
CO2 to methanol (CO2+ 3H2= H3COH+H2O) on the Cu surface. Calculations were performed 
employing the meta-generalized gradient approximation (meta-GGA-MSRPBEL) functional in 
the Vienna ab initio simulation package (VASP). 
Due to the unfavorable interaction between CO2 and Cu (111), the main reaction (CO2+H*=HCOO*) 
presents both reaction and activation energy, respectively equal to -0.36 eV and 0.85 eV. In order 
to produce methanol, HCOO requires to be subsequently hydrogenated to H2COOH and then 
dissociated into H2CO and OH. This reaction is vital to produce methanol because H2CO has to be 
hydrogenated following the elementary step H2CO*+H*=H3CO*. The reaction should occur easily 
thanks to the Ea equal to 0.19 eV. As consequence, the last step is the hydrogenation of H3CO 
which leads to methanol production with a reaction energy of 0.11 eV and an Ea of about 1.28 eV. 
Cu based catalyst is one of the most active for selective CO2 hydrogenation. The pathway via 
formate (HCOO) intermediates to reduce CO2 was studied. The elementary steps were performed 
on a Cu slab about 4x4x6 Å considering the surface with Miller’s index (111). To begin, 
geometrical optimization calculations were performed to determine the most favorable 
adsorption orientation of the reactants and products of each step. The formate intermediates 
species can easily absorbate on Cu (111) surface and were observed to be stable. The geometry 
optimization was calculated in order to obtain the reaction energy. Afterward, Nudges Elastic 
Band (NEB) and Dimer calculations were performed. The aim was to calculate the saddle point of 
the potential energy surface in order to find the transitional state of each elementary step. 
The authors thank PON IND 2 for PhD support to F. DL. 
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Despite TiO2 is one of the most efficient semiconductors photocatalyst when exposed to UV light, 
it does not adsorb energy if irradiated by visible light. Functional heterostructures based on 
titania can overcome this limitation, increasing the absorption in the visible and enhancing at the 
same time the charge-hole recombination rate. We have fabricated mesoporous titania films 
heterostructures, TiO2/WS2, and TiO2/SnSe2, which have an excellent photocatalytic activity 
toward stearic acid degradation under illumination at 450 nm. They represent, therefore, an 
advanced strategy to extend the efficiency range of titania. 
The heterostructures formed by mesoporous titania films and 2D materials have been obtained 
by dispersing the liquid phase exfoliated WS2 and SnSe2 into the titania precursor sol prepared 
from TiCl4. The films have been deposited via dip-coatings. “One pot” synthesis to produce 
mesoporous titania films has been applied by dispersing WS2 and SnSe2 flakes obtained by 
exfoliation in liquid phase in the precursor sol with the TiCl4 precursor. The films were annealed 
at 400°C for 3 h and used for the characterizations. Photocatalytic activity of films was 
investigated measuring the stearic acid degradation under UV-VIS (380–450 nm). 
The morphological characterization has revealed the formation of a homogeneous network of 
TiO2 mesopores (10-50 nm) with well dispersed 2D sheets. Exfoliated WS2 embedded in 
mesoporous titania films exhibit a 20% improvement of the degradation rate of stearic acid, with 
respect to mesoporous TiO2 films. This value remarkably increases to 70% when the titania matrix 
is loaded with 2D SnSe2.  
The enhanced photocatalytic activity of the 2D-mesoporous titania films heterojunctions depends 
on the “aspect ratio” (thickness/lateral sizes) of the embedded exfoliated 2D layers and by the 
weight “loading ratio”. Specifically, a smaller aspect ratio favours a homogeneous dispersion 
within the matrix and a better absorption of the illuminating light. The formation of diffuse 
heterojunctions within the porous network promotes a faster degradation rate. Decreasing the 
2D layer thicknesses the WS2 and SnSe2 nanosheets band gap blue-shifts from indirect to direct, 
favouring an interparticle electron transfer between the semiconductors. These results open new 
perspectives for the exploitation of a large variety of 2D materials embedded in thin functional 
layers. 
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Spatial confinement is widely employed by Nature to attain unique efficiency in controlling 
chemical reactions. Notable examples are enzymes, which selectively bind reactants and 
exquisitely regulate their conversion into products. In the attempt to mimic natural catalytic 
systems, supramolecular metalorganic cages capable of encapsulating guests in their cavity and 
of controlling/accelerating chemical reactions under confinement are attracting increasing 
interest. However, the complex nature of these systems, where reactants/products continuously 
exchange in-and-out the host, makes it often difficult to elucidate the factors controlling the 
reactivity in dynamic regimes. 
We have developed a flexible computational framework, useful to build structure-dynamics-
property relationships for a variety of reactive host-guest systems and we discuss here two 
applications. This is a multiscale computational approach, based on a combination of quantum 
and classical simulations, augmented with enhanced sampling methods. 
We focused on a coordination cage that can encapsulate amide guests and enhance their 
hydrolysis by favouring their mechanical twisting towards reactive molecular configurations 
under confinement. We designed an advanced multiscale simulation approach that allowed us to 
reconstruct the reactivity in such host-guest systems in dynamic regimes, characterizing the 
amide encapsulation/expulsion in/out the cage cavity (thermodynamics and kinetics), coupling 
such host-guest dynamic equilibrium with the characteristic hydrolysis reaction constants. All 
computed kinetic/thermodynamic data were then combined, obtaining a statistical estimation of 
reaction acceleration in the host-guest system that is found in optimal agreement with the 
available experimental trends. 
This approach offers a first attempt to link the typical computational chemistry study of chemical 
reactions to that of a complex dynamic reaction process, more typical of chemical engineering. 
We reveal how gaining control over the dynamics of these host-guest systems is key to 
controlling reactivity within them and indicate how such computational approaches such can 
offer relevant support towards the development of new types of reactive supramolecular 
systems. 
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The growing demand for lightweight high-performance materials has expanded the use of 
composite materials, and especially of polymers reinforced with various kinds of fibers. 
UHMWPE fiber-reinforced epoxy composites exhibit excellent mechanical properties, such as 
high specific strength and high specific stiffness, light weight and designability. Therefore, these 
composites have attracted extensive attention and are widely used in many fields. Nevertheless, 
poor interfacial adhesion between UHMWPE fibers and epoxy matrix, due to the nonpolar and 
smooth UHMWPE surface, hinders their broad application. Massive efforts have been made to 
improve the interfacial properties of UHMWPE fiberreinforced epoxy composites, including 
chemical, physical and mechanical treatments. In this work, within a research project funded by 
Fondazione Ente Cassa di Risparmio di Firenze (INCIPIT, id:22044), different environmentally 
friendly surface treatments have been applied on fibers, and the mechanical properties of the 
obtained epoxy-matrix composites have been determined. 
UHMWPE fibers (Teijin Endumax®), in form of strip (2mm wide, 50 um thick) were subjected to 
different surface treatments, liquid phase chlorination, obtained by immersion of the fibers in a 
NaClO dilute solution added with acetic acid, and plasma cleaning treatment, using a 40kHz RF 
plasma system (Diener Electronic). Then the fibers were used to prepare common dumbbell-
shaped composite samples using IN2 Epoxy Infusion Resin (by Easy Composites Ltd) in 
appropriate molds. Two kinds of samples were prepared: sample with aligned well-spaced plain 
fibers and samples with yarns made by rolling 3 fiber strips each. A servo-hydraulic universal 
testing machine (MTS 810), equipped with a 2 kN full-scale load cell, was used to determine the 
mechanical properties; the tests were made at ambient temperature and with 
3mm/min elongation rate.  
Both the surface treatments affected positively the interaction between the fiber and the matrix. 
All the samples made with the as received not treated UHMWPE in form of yarns resulted in 
breaking of the matrix and subsequent sliding or breaking of the fibers. The plasma treated fiber 
samples showed a multiple matrix break with final fiber break without apparent fiber sliding. The 
chlorinated fiber samples showed the final break of matrix and fibers at the same time 
presenting ideal behavior. 
Very simple and environmentally friendly surface treatments are effective in increasing the 
UHMWPE fibers and epoxy matrix interaction and particularly the liquid phase chlorination 
seems a promising treatment, allowing the correct load transfer between matrix and fibers. 
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The Paal-Knorr reaction is a well-known cyclization reaction of γ-diketones which can be 
performed on polyketones (PKs). This allows the grafting of different side chains to the polymer 
backbone, even cationic ones which can lead to the possible production of anionic exchange 
membranes (AEMs). The thermal Paal-Knorr reaction requires several days (3-9 days) at the 
boiling temperature of the amine to give good conversions of diketonic units to polypyrrole ones. 
The possibility to reduce the reaction time was investigated by moving from traditional 
conduction heating to microwave heating. The functionalized polyketone polymers (FPK) 
obtained were used to prepare anion exchange membranes. The molecular structure, thermal 
and conductive properties of the membranes were evaluated in order to compare the results to 
those of the corresponding materials obtained from traditional heating, and to consider their 
application in electrochemical devices. 
A commercial terpolymer polyketone was used as starting material and 3-
(aminomethyl)pyridine was used as primary amine to perform the polymer functionalization. The 
reactions carried out by microwave irradiation were performed in an Anton Paar Monowave 200 
reactor. 
Nuclear magnetic resonance (NMR) and infrared analysis (ATR-FTIR) were performed to study 
the structure of the obtained polymers and membranes. CHN elemental analysis was carried out 
on functionalized polymeric membranes to obtain the functionalization degree (FD), as the 
number of diketone units converted to N-substituted pyrrole ones. Broadband electrical 
spectroscopy (BES) was performed to evaluate the ion conductivity. Differential scanning 
calorimetry (DSC) and thermogravimetric analysis (TGA) were performed to evaluate the glass 
transition temperature and the degradation temperature. Finally, the water uptake, the swelling 
ratio, the ion exchange capacity and alkaline stability were determined. 
NMR, FTIR, and elemental analysis performed on the FPK obtained by thermal heating or 
microwave heating show no significative difference, nor does the FD of the polymers. 
Nevertheless, the reaction time was decreased from 72 hours to 3 hours. The ion conductivity 
analysis shows good results, with conductivities ranging from 0.44 mS/cm to 2.2 mS/cm at room 
temperature, and up to 14 mS/cm at 80°C. The thermal characterization shows good stability in a 
wide temperature range. 
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Membrane technology has been widely applied to various fields such as gas purification, water 
treatment, and environmental protection. Membranes have gradually become a popular 
separation technology due to their many significant advantages, as for example, no phase 
changes, easy to scale up, simple in operation and relatively low energy consumption. Currently, 
many studies are focused on the development of novel structured materials for gas separation 
applications, including the combination of various kind of additives in polymeric matrix. 
Numerous gas pairs have been investigated and the gas transport mechanism in those 
membranes has been elucidated. However, the selective separation of high quantity of hydrogen 
from hydrogen/methane mixtures is still a big challenge and needs nowadays a great 
improvement in order to promote the transition towards more sustainable energy source. 
In this work, a preliminary evaluation of mechanical and gas separation properties of hybrid 
polymer-based membranes will be assessed, taking into account the influence of materials 
preparation procedures. 
Hybrid polymer-based membranes were realized following the usual production technologies, 
namely conventional non-solvent induced phase separation process, solution casting and 
electrospinning. Organic polymers, such as fluoro-based poly(vinylidene fluoride) PVDF and 
Nafion®, as matrix and additive were respectively used. Gas separation properties were finally 
investigated at ambient temperature and near atmospheric pressure conditions. 
Thin solid membranes were obtained and in depth characterized by complementary investigation 
techniques. Scanning electron microscopy was used to study membranes morphology and 
microstructure, that appeared clearly influenced by the production method as well as the 
content of additive. Similarly, mechanical tensile tests highlighted the great influence of 
membranes morphology over the mechanical behavior. Three different hydrogen/methane 
mixtures were tested in gas separation experiments. 
The developed materials resulted stable under the operating conditions, after numerous cycles 
of measurement. Preliminary results of hydrogen and methane permeabilites, as well as 
hydrogen selectivity in hydrogen/methane mixtures confirmed the suitability of those 
membranes for the proposed application. 
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Corrosion attack of the grey cast iron in rotors of automotive braking systems might cause 
stiction phenomena leading to adhesion of the pad material on the rotor. This might result in 
damage of the pad, reduced braking performance and even impossibility to drive the vehicle in 
most severe cases. Stiction phenomena are very difficult to be investigated due to the extremely 
variable environmental conditions experienced by vehicles in service. 
In this work, an experimental approach based on electrochemical methods was employed for the 
investigation of stiction phenomena at laboratory scale. A dedicated cell was developed for the 
investigation of the stiction phenomena between a brake pad sample and a rotor sample (gray 
cast iron). Stiction is induced by electrochemical methods (potentiodynamic polarization). After 
stiction is provoked in the brake pad/rotor system, the adhesion force between rotor and pad can 
be successively measured by means of a test bench. Moreover, the morphology of the pad 
material and the rotor samples after detachment is investigated by optical and scanning electron 
microscopy to obtain information about the mechanism of the stiction phenomenon. 
In this work, the application of the developed method is discussed in order to highlight the 
stiction mechanism and the effect of pad constituents on stiction resistance. Moreover, possible 
approaches to control stiction phenomena are also introduced. In particular, some examples of 
the development of “green” friction materials for control of stiction phenomena in braking 
systems of electric (BEV), hybrid (HEV) and plug-in hybrid (PHEV) vehicles. 
The developed approach based on electrochemical methods proved to be able to reproduce 
stiction phenomena under controlled and reproducible conditions. The stiction force to release 
the brake pad sample from the rotor sample provides a quantitative parameter to evaluate the 
susceptibility to stiction of different friction materials. The mechanism of stiction is controlled by 
penetration of corrosion products in the pad material leading in some cases to an extremely 
strong adhesion of the pad to the rotor. Knowledge of the stiction mechanism is fundamental for 
the control of stiction phenomena in automotive braking systems. 
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Capturing CO2 from the atmosphere represents a key challenge, since CO2 has been recognized 
as the primary anthropogenic greenhouse contributor to the increase of earth’s average 
temperature. Metal-Organic Frameworks (MOFs) given their porosity and versatility are 
considered excellent candidates for gas adsorptive separation process. Here we reported a new 
3D MOF, formulated as [Co(trz2An)]n·3H2O (1), where the ultra-microporosity and the presence of 
a ligand two triazole pendant arms are fundamental in the CO2 uptake. 
(1) has been synthesized by combining a mixture of CoCl2·6H2O and trz2Anilate ligand in a 1:1 
stoichiometric ratio, via a hydrothermal reaction at 130°C for 48 hours. The obtained dark brown 
rectangular crystals are suitable for a single X-ray diffraction study. Gas sorption and dynamic 
adsorptive separation measurements are performed to evaluate the uptake capabilities of (1) 
towards CO2. 
CoII ions are equatorially coordinated to four oxygen atoms of two bis(bidentate) trz2An ligands. 
The distorted octahedral coordination sphere of CoII ions is completed with two nitrogen atoms 
from the N4 atoms of the 1,2,4-triazole substituted pendant rings of trz2An ligands. 
The sorption capacity of activated (1) has been studied and gravimetric isotherms reveal the 
dominant role of kinetics, as the slightly shorter CO2 kinetic diameter enables its diffusion along 
the channels of the MOF. 
(1) shows very stable and robust 3D ultramicroporous structure with channels to enable the 
selective entry of CO2, hindering the diffusion of molecules with larger kinetic diameters, such as 
Nor CH4. The presence of triazole rings in the structural voids increases the affinity for CO2 
molecules. (1)  presents not only high adsorption static capacity (above 20% in weight), but also 
approaching values under dynamic conditions and an outstanding selectivity in both nitrogen and 
methane mixtures. Remarkably, its framework is able to sieve larger molecules, such as nitrogen 
or methane, to reach outstanding CO2 selectivity values (>1000), under different temperature and 
concentration conditions. Remarkably, the material can be regenerated under mild conditions. 
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It is known that metal nanoparticles (NPs) may be dynamic, and atoms may move within them 
even at low temperatures. Characterizing such dynamics is key for understanding NPs’ 
properties in realistic regimes, but detailed information on, the stability, survival, and 
interconversion rates of the atomic environments (AEs) populating them is non-trivial to attain. 
Here we propose a machine learning approach that allows to reconstruct the atomic dynamics of 
metal NPs from high-dimensional data extracted from molecular dynamics (MD) simulations. 
Using different shaped gold (Au) NPs as a representative example, we built an AEs’ dictionary 
that allows to label step-by-step the individual atoms in the NPs, identifying the native and non-
native AEs along the MD at various temperatures. Tracking the lifetime, and dynamic 
interconversion of the AEs, our approach permits estimating a “statistical equivalent identity” for 
metal NPs based on their intrinsic atomic dynamics. 
Different Au NPs were modelled using the SMATB potential available in LAMMPS at 
temperatures of 300, 400, and 500 K in the NVT ensemble. Simulations were analyzed with a top-
down approach on the Smooth Overlap of Atomic positions (SOAP) spectra calculated for each 
atom We built a data-driven classification based on the similarity between the SOAP spectra of 
each atom at each sampled step of the steady-state MD trajectories and the SOAP spectra of 
different AEs selected from ideal Au NPs we used as a dictionary. 
The dictionary is created using selected AEs from a small collection of ideal Au NPs, with the 
shape of icosahedron, decahedron, and truncated octahedron. 
Our analysis allows us to track in detail the evolution of the different AEs that populate the 
surface and the bulk of the simulated NPs, and even to track if some AEs not belonging to ideal 
NPs structure appear as an effect of the temperature. 
For example, concave environments are characteristic of the surface of certain decahedral NPs 
and are not present on ideal icosahedral NPs, it is known that with the temperature some of the 
vertexes of the Au icosahedral NPs tend to undergo a reconstruction that leaves a concave spot: 
thanks to our method we do not only see these concave structures, but we can determine their 
lifetime. The dynamic behavior of the AEs can be linked to other static parameters, such as the 
catalytic effectiveness of the AEs, creating parameters that contain also temporal information. 
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C1 chemistry based on possible utilization of CO2 is gaining a huge interest in literature and best 
catalysts formulation is still matter of debate together with mechanistic implication. For CO2 
methanation, Ni and Ru are conventionally recognized as active phases for supported catalysts 
and, on the other hand, they suffer of deactivation for metal sintering, coke deposition and, in 
many cases, of a lowered selectivity to methane due to the production as CO as a by-product. In 
this frame, intermetallics might be of interest as catalysts for CO2 hydrogenation and this has 
been the target of the present work. 
Ni-based intermetallics (Ni-Al, Ni-La and Ni-Ce) have been prepared by conventional synthetic 
routes by allowing a comparison with classical supported CO2 methanation catalysts. Both fresh 
and exhaust catalysts have been fully characterized by XRD, Rietveld refinement and FE-SEM 
with EDXS. Catalytic experiments have been carried out at atmospheric pressure and by both 
increasing and decreasing the reaction temperature in the range 523-773 K in diluted conditions 
and by keeping a GHSV of 55000 h-1. 
Tested intermetallics have been found as active for CO2 hydrogenations, foreseeing the 
production of CH4 through Sabatier reaction and/or CO, arising from the reverse water gas shift 
reaction. Interestingly, conditioning over time on stream is observable for some of the 
investigated materials. In the tested conditions, Ni-Ce intermetallic results the most performant 
catalysts in the present investigation. 
Ni-based intermetallics have been successfully tested in CO2 hydrogenation and gave rise to 
materials active in Sabatier or rWGS reactions; many of the tested materials can be promising 
candidates as catalysts or catalyst precursors, that can be further exploited by undertaking 
suitable optimization, matter of present timely investigations. Best methane yield has been 
obtained at 723 K and achieved 50% over Ni-Ce intermetallic system.. 
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One of the main issues in commercializing solid oxide fuel cells (SOFC), as a zero-emission 
technology to produce electricity, is the anode phase stability under reducing conditions. Doped-
perovskites are among the promising alternative materials to the conventional YSZ-Ni as the 
anode due to the flexibility in choice of their ions and final properties. Here, Mo-doped LSCF is 
developed as a new anode material. Molybdenum doping can exert higher catalytic activity 
towards fuel oxidation while increasing the phase stability of LSCF upon reduction. 
Auto-combustion method was used to synthesize LSCFMo powder with 5-10% dopant amount. 
LSCFMo layers were tape casted and sintered at 1200 °C for 3 h. The tapes were exposed to 
reducing conditions, under H2 gas for 5 h. Microstructure and phase stability were analyzed after 
reduction through SEM and XRD techniques. 
A pure porous LSCFMo powder could be achieved after synthesis. Doping 10% Mo could lead to a 
small amount of secondary phase formation. By increasing the dopant amount up to 10%, the 
phase decomposition of LSCF was decreased significantly. This was also confirmed by SEM 
results. The porous morphology of LSCFMo was more retained with higher dopant amount after 
reduction. 
Molybdenum is an element with higher un-occupied 3d orbitals which makes it a good 
electrocatalyst towards fuel oxidation. On the other hand, molybdenum in LSCF structure 
switches between Mo6+/Mo5+ consecutively. The redox energy band for Mo6+/Mo5+ switch overlaps 
with energy band of Fe4+/Fe3+ under reducing conditions. This can mitigate Fe reduction which 
saves LSCF structure from decomposition to ruddlesden-popper oxides. Since Ruddlesden-
popper oxides have larger unit cell volumes with respect to parent perovskites, bulk density 
increases as they are produced more. Sintered LSCFMo tapes showed a porous microstructure. 
After exposure to reducing conditions, LSCFMo 5% tapes showed larger bulk density than 
LSCFMo 10%. This is another proof for LSCF decomposition is more prohibited by increasing Mo 
dopant amount. 
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The interest towards biobased polymers has grown consistently in the last years thanks to the 
increased environmental conscientiousness of the society coupled by the fear from the depletion 
of fossil-based plastics. Among the commercial high performance environmentally friendly 
biodegradable polymeric matrices, aliphatic polyesters have high potential; in particular, 
poly(butylene succinate) (PBS) is considered highly promising as a commercial commodity 
polymer thanks to its good strength and toughness very close to LDPE. In this work, new 
biocomposites for injection molding applications (in which ultra-short cellulosic Arbocel fibers 
were added) were explored. 
The polybutylene succinate (PBS) used was BIOPBS FZ71PM, from Mitsubishi; it is a biobased 
PBS suitable for injection molding applications (density: 1.26 g/cm3; MFR (190 °C, 2.16kg). Highly 
pure ultra-short cellulose microfibers ARBOCEL BE600/30 PU by J Ret-tenmaier & Sohne were 
added to the PBS matrix. These fibers have an average mean diameter of 20 μm, mean fiber 
length 60 μm, bulk density: 200–260 g/L, fiber and density 1.44 g/cm3. The composites were 
produced by extrusion compounding adding Arbocel from 10 up to 30 wt.%, then the granules 
were used to produce dog-bone specimens for mechanical characterization by injection molding. 
Particular attention was dedicated to the investigation of the mechanical properties correlating 
them to micromechanical deformation processes (the latter determined using a 
videoextensometer) coupled with SEM analysis. 
The composites tensile properties are strongly interconnected to the fiber/matrix adhesion. In 
this context, a low adhesion was registered that lead to a decrement of the tensile strength and 
elongation at break. Micromechanical deformation process revealed that there is a close 
correlation between the composite strength and micromechanical deformation processes. 
Debonding, often coupled with fibers pull-out, was responsible of the tensile strength decrement 
and volume strain increment. The stiffness of the composites was predicted by applying and 
comparing different analytical models. It was found that the Halpin-Tsai model gives a good 
fitting not only for the tensile Elastic Modulus but also for the Flexural Modulus. The increment 
of the Flexural Modulus was correlated to HDT increment with the growth of the fiber content. 
Based on the results obtained, emerged that Arbocel fibers, due to their very low aspect ratio, 
show a very good processability and can be easily adopted for injection mold-ing applications. 
PBS/Arbocel composites provides a fully biobased solution for those applications where high 
stiffness and thermal resistance is required. 
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The 3,4-dihydroxy-L-phenylalanine (L-DOPA) can polymerize to form a melanin-like material 
which is at the base of the attachment ability of mussels on surfaces. The bio-material is 
characterized by a various number of chemical functional groups capable to interact via 
secondary bonds with molecules. The proposed work involved the study of the quality of L-
DOPA-melanin films introducing the H2TCPPspm4 porphyrin. The entire process of synthesis and 
deposition was performed in green conditions: at room temperature, in one pot process design, 
and with no use of harmful reactants and solvents. The obtained hybrid film was employed as a 
functional supported device in the remediation of water, with an easy absorbent recovery and 
negligible absorbent leakage. 
The hybrid material was deposited on glass in a water environment by varying the buffer solution 
and the deposition time. The quality of the deposited film was analyzed by UV-Vis and FT-IR 
spectroscopies, AFM, and SEM techniques. Absorption experiments were executed using the 
methylene blue (MB) molecule as a pollutant model. 
The best results in terms of surface porosity were obtained according to a L-DOPA concentration 
of 0.5 mM, in PBS buffer solution (pH=7.4), 14 days of deposition, and the introduction of the 
H2TCPPspm4 porphyrin as a porous inducer. The interaction between the DOPA/melanin matrix 
and the porphyrins was confirmed due to porphyrin’s 30% hypochromicity. The introduction of 
porphyrin led to a notable increase in the development of the surface area. Thermodynamics and 
kinetics features of the absorption process were evaluated by using consolidated physical 
models. 
It was discovered an interesting 20% absorption capacity increment of the DOPA-melanin/ 
H2TCPPspm4 film (170 mg/g) concerning the only DOPA-melanin system. The hybrid film was 
used in reusability experiments. The samples were cleaned by dipping them in a SDS solution at 
0.5% w/V. The film exhibited high reusability properties since it was observed a small 3-4% 
decrease in dye absorption per cycle. Its high pollutants absorbance capacity and remarkable 
reusability make the hybrid DOPA-melanin/ H2TCPPspm4 a good candidate as a green device for 
water remediation to possible further scaling-up experiments. 
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The shortage of fossil fuels and the increasing environmental pollution have significantly 
prompted the development of sustainable technologies for the carbon-neutral production of 
energy. In this regard, a strategic role is played by the exploitation of the water splitting reaction 
for the generation of green hydrogen by using cheap, earth-abundant and eco-friendly 
electrocatalysts as alternative to noble metal-based ones. 
Herein, we introduce an original synthetic route for the fabrication of photoelectrocatalysts for 
the oxygen evolution reaction (OER) based on graphitic carbon nitride (gCN), a non-toxic, cheap 
and Vis-light responsive photoactive material. The proposed preparation strategy involves the 
initial gCN liquid-phase deposition (by electrophoresis or decantation) onto conducting glass 
substrates, followed by the introduction of ultra-dispersed, nanostructured co-catalysts based 
on metals (Au, Ag, Au+Ag) or oxides (CoO, CoFe2O4) by radio frequency (RF)-sputtering under 
mild operational conditions, and final annealing under inert atmospheres. 
A thorough structural, morphological, compositional and optical investigation by complementary 
analytical tools evidenced the formation of gCN-based systems, featuring an intimate contact 
with ultra-dispersed metal or oxide nanoparticles, and characteristics directly affected by gCN 
powders used as precursors. The adopted preparative strategy turned out to be extremely 
flexible in tailoring the chemico-physical properties of the resulting materials, from composites 
with highly dispersed, low-sized nanoparticles (in the case of Ag, Au+Ag, CoO, CoFe2O4), to 
single-atom catalysts (containing Ag in atomically spread form). Photoelectrochemical OER 
tests in aqueous alkaline solutions evidenced the obtainment of appreciable photocurrents at 
potentials below the thermodynamical one for water oxidation, with a photoactivity dependent 
on the co-catalyst and gCN features in terms of active area and defect content. 
As regards photoelectrocatalysts containing metal nanoparticles, the best performances were 
afforded by those containing pure gold nanoaggregates, thanks to the concurrent contribution of 
the gCN-metal Schottky barrier and the surface plasmon resonance (SPR). In a different way, for 
the systems containing CoO and CoFe2O4, the formation of p-n or Z-scheme junctions 
respectively accounted for the higher photoactivity in comparison to bare gCN. In particular, 
CoFe2O4 introduction resulted in an increased photovoltage related, in turn, to a higher hole 
concentration upon illumination. These features were also accompanied by a favorable increase 
of the system time stability, an important pre-requisite for real-world applications. Overall, 
these results act as pointers towards the implementation of improved electrocatalysts for clean 
energy production, in order to sustain social and economic development in a greener 
perspective. 
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In recent decades, due to the increasing and widespread environmental concern, the plastic 
industry is facing a green revolution. The high price that characterizes bio polymers has limited 
their presence on the market compared to the petrochemicals ones. To decrease biopolymers 
costs, agro-wastes within the plastic world as fillers or additives have been exploited. In this 
work, different solid wine wastes wine lees WL, grape seeds G S and grape pomace GP) have 
been mixed at the same percentage (30 vol %) as natural cost effective and reinforcing fillers 
with poly(butylene adipate terephthalate PBAT and poly(butylene succinate) (PBS and at 40 vol 
with a PBAT/PBS blend. The application of an acetylation process on WL and GS has been also 
studied. 
The characteristics of the three wines by products have been evaluated through 
thermogravimetric analysis (TGA), Fourier transform infrared spectroscopy (FT-IR), scanning 
electron microscopy (SEM), pycnometry, volatile fraction and particle size analysis. The bio 
composites have been characterized from a thermal (DSC and TGA), rheological (MFR), 
mechanical (tensile test) and thermomechanical (DMA, creep test) point of view. 
SEM and particle size analyses have shown that all wine by product powders possess a flake 
shape, and the WL has a much smaller size compared to the other two fillers. GS powder 
exhibits an aggregation tendency. From TGA and volatile fraction analysis we have seen that WL 
starts the thermal degradation at lower temperatures, compared to the other two bio fillers. GP 
and GS have a higher organic content rather than the WL. Mechanical and thermo-mechanical 
characterization indicated f or all three matrices a higher reinforcement effect in the case of WL 
as bio-filler. 
The particle size, the good dispersibility and the higher inorganic content of WL suggest ed that it 
could behave as a very promising bio filler; thanks to these features, superior thermomechanical 
properties have been observed in the case of WL bio filler. 
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Hard Metal (HM) is a composite material consisting, in most cases, of tungsten carbide (WC) 
particles embedded in cobalt metal binder, widely used for highly wear-resistant tools 
production. Since 2011, W and Co are listed among the critical raw materials by the European 
Union due to their high economic importance and the risk related to their supply. The demand of 
W and Co in HM production and in other applications affects heavily their criticality and price. 
For these reasons, the use of secondary resources seems a more sustainable approach following 
a circular economy model encouraged by European Directives. In this work, hydro- solvo-
metallurgical processes with organic acids (OA) are applied to three different powders deriving 
from the three main steps of carbothermal regeneration, a direct recycling process performed 
by FILMS SpA. This process allows to recover a WC-Co powder with the same composition of the 
starting HM end-of-life tools, limiting its re-employment in the HM production process. The 
leaching method aims to obtain a product more versatile in its reuse in HM manufacturing. 
Leaching process is conducted on powders (oxidized, reduced and carburized) with OA in 
aqueous and non-aqueous solution by varying operative conditions such as temperature, pH 
solution and liquid-to solid ratio. Leaching solution is analysed trough an ICP-OES to determine 
leaching efficiency and treated powders are characterised by XRD, FT-IR and elemental 
analyses. 
OA can be obtained from agro-industrial wastes with low-cost biological process (Patent 
Submission Number: 102022000007502). They proved to be efficient leaching agents in metal 
dissolution in all powders. In the case of reduced and carburized ones, OA show greater affinity 
in complexing Co binder, making the reaction of leaching selective. However, in oxidized form 
both W and Co are dissolved at high rates. These results are noteworthy because: 
- OA selectivity allows to tune Co content without powder oxidation, especially in non-aqueous 
solution, against to what happens using inorganic acids. 
- OA leaching could be used as an alternative to alkaline methods in recycling W from HM 
wastes. 
Microstructure and quality assessments of recycled material are ongoing. 
Acknowledgments: Italian Ministry of University and Research [PON R&I 2014-2020, Dottorati 
Green, scholarship N.DOT1304527]; ERASMUS+ Placedoc 2021-22 action [MC’s fellowship]; the 
Italian Ministry for the Ecological Transition [CoW_aste project, 2019]; Fondazione di Sardegna 
[grant n. F75F21001350007]; the FILMS corp., are greatly acknowledged for the financial support. 
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Carbon Capture and Storage (CCS) strategies play a central role in mitigating carbon dioxide 
(CO2) emissions. Solid adsorbents for post-combustion carbon capture appear to be a promising 
solution due to their easier application into existing facilities. Of special interest are the so-
called “phase-change” Metal-Organic Frameworks (MOFs) that display steep CO2 uptake when a 
threshold partial pressure is reached, because they can afford superior separation performance 
with a reduced energy penalty. 
In this work, recently discovered perfluorinated MOFs based on Ce and Al were deeply studied. 
An advanced multi-technique characterization approach was carried out to unveil the origin of 
their peculiar CO2 adsorption mechanism. In particular, we combined gas sorption analysis, in 
situ infrared spectroscopy, in situ powder X-ray diffraction, multinuclear solid state nuclear 
magnetic resonance spectroscopy and adsorption microcalorimetry with periodic density 
functional theory simulations. 
CO2 adsorption/desorption isotherms were collected in the 195-343 K temperature range (p = 0-
5 bar) confirming the presence of “phase-change” isotherms. A basic IR characterization using 
specific molecular probes allowed the identification of open metal sites in the MOF containing 
CeIV, which become available for interaction after dehydration. Increasing amounts of CO2 were 
dosed on the samples and the response was followed by IR spectroscopy. Significant changes in 
the MOFs IR spectra were observed, suggesting a “phase-change” adsorption mechanism was 
occurring. Microcalorimetry was also employed to follow the peculiar adsorption behavior and 
to solve the CO2 adsorption mechanism. Further proof of this mechanism was provided by a wide 
pool of characterization techniques, including in PXRD, XAS, SSNMR and DFT simulations. This 
multi-technique approach allowed solving the “phase-change” behavior of these MOFs, 
associated with very specific interactions of the adsorbate with the surface of the sorbent that 
trigger a structural rearrangement. 
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Concern about plastic debris has increased in recent decades, especially in marine environment, 
but also in freshwater systems, such as rivers and lakes. More than 8 million tons of plastic end 
up in the oceans and seas each year, causing huge ecological repercussions, and potential health 
risks, as documented by many reports and publications. Microplastics, particles lenght <5mm, 
derived usually by progressive fragmentation of macroplastics (clothing, food packaging, 
industrial processes and cosmetics). In this scenario, there is a strong need for an efficient and 
reliable method to detect and identify macro, meso and microplastics. Collection by Seabin 
(Fraglia Vela harbor in Riva del Garda) and characterization of plastics (P) and microplastics 
(MP) floating in Garda Lake are summarized. 
Seabin is a basket netbag (inner diameter 36 cm; net size 1x0.5 mm) capable of catching various 
debris floating in surface waters, through the action of the water pump (declared 25000 L/h; 
calculated 10500 L/h), with a maximum water current speed <4 knots, and a potential capability 
to attract about 1.5 kilograms of debris per day, including microplastics from 0.5 mm. 
Between June 2021 and Aug 2022, specific campaigns with daily collection and sampling after 4-
24 hrs were conducted for 3, 4 or 6 months. The collected materials were removed from the 
basket, dried for 24-96 hrs at RT and examined in lab at different levels (number, weight, size, 
type of polymer) by analytical balance, FTIR, NIR, calorimetry (Tg, crystallinity, OOT), molecular 
weight, and SEM analysis. 
After separation from Bio-Green-Organic waste, about 3.1-3.8% by wt. of macroplastics (1744 
pieces) and 0.1-0.5% by wt. of microplastics, 7366 pieces, were counted in 93 days (average 
weight 0.5g and 4.6mg respectively). Important data are the ratio of plastics (P and MP) to total 
waste, pieces per day, weight per day, type of plastics, and also the seasonal comparison. 
Plastics were identified by FTIR, NIR and also by density (bouyancy method or immersion in 
selected density solution) showing composition in the range 31-72% PE; 15-30% PP; 13-31% EPS 
(minor content of PET, CA, nylon, PMMA). Plastic aging and thermal properties were evaluated 
and compared. The capability and the feasibility of a portable Near-Infrared (MicroNIR, Viavi) 
spectrometer coupled with chemometric tools for a fast and in-situ polymer identification was 
also confirmed. Students of local high schools (Liceo Maffei and Gardascuola) have been 
involved in Plastic Environment Project. 
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Agriculture generates huge quantities of organic residues; an incorrect handling of these by-
products undermines its environmental sustainability. Thus, the development of pioneering 
processes for the use of these “waste products” is necessary to implement the principles of the 
circular economy. In this framework, the wide availability of wheat bran and rice bran residues 
can be used for producing biodegradable composites taking into account difficulties to be 
overcome such as weak adhesion matrix/filler and low thermal resistance. 
In this work, after the morphological and chemical characterization of the bran, a beeswax-
based treatment was added to them in order to improve their adhesion to a polymeric blend 
constitued by a 60 wt.% of Poly(lactic acid) (PLA) and 40 wt.% of poly(butylene succinate-co-
adipate) (PBSA). Moreover, two micrometric mineral fillers, talc and calcium carbonate, were 
examined, aimed at improving thermomechanical properties and heat deflection temperature of 
the obtained biocomposites. The achievement of biocomposite granules has been carried out in a 
twin-screw extruder followed by injection molding process. Several Mechanical, Morphological, 
Rheological and Thermal tests have been carried out. 
It has been demonstrated that a treatment based on beeswax promoted filler/matrix adhesion, 
but it also acts as plasticizer for the biocomposites. An optimum value of 4 wt.% of beeswax was 
selected for bran pre-treatment. Moreover, to improve the thermo-mechanical properties of the 
biocomposites, the introduction of mineral fillers such as talc and calcium carbonate was 
investigated registering an improvement of PLA crystallization kinetics, ensuring a greater 
resistance to thermal deflection. 
A further utilization of agricultural residues (such as white/rice bran) is a goal that must be 
pursued in order to reduce the wastes. In the present work the weak compatibility of bran/matrix 
coupling has been increased by the treatment of the filler surface with a beeswax-based 
treatment. These bio-composites were also further implemented in terms of mechanical 
resistance above room temperature. This goal has been achieved thanks to mineral fillers 
guaranteeing a higher melt strength, the shrinkage containment and the increase of heat 
defelction temperature correlated with a crystallinity degree growth. 
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Mechanical and electrical properties of polymer composite could be tuned using appropriate 
carbon fillers. To improve electrical properties, high electrical conductive carbon fillers are used 
such as carbon black, carbon nanotubes and graphene. Problems related to these carbon fillers 
are the high cost, reproducibility, and high carbon print. 
Biochar is the solid residue obtained by biomasses pyrolysis with high carbon content. 
The highly conductive biochar, obtained after the graphitization treatment, represents a very 
attractive filler for the realization of plenty of electrically conductive composites. Its high 
dispersibility together with the improved properties enhanced the range of application. 
Olive wastes were cut into cylindrical pieces and pyrolyzed in a tubular furnace in a nitrogen 
atmosphere and kept at the highest treatment temperature of 400 °C. Afterward, they were 
mechanically ground. 
Grinded biochar was annealed by using a vacuum electric furnace under an argon atmosphere, a 
dwell at a maximum temperature of 1500 °C for 30 min, and a cooling to room temperature. 
Electrical conductive composite was prepared using silicon as polymer matrix and 
graphitilizated biochar as filler. An ad hoc electronic portable board was built to process the 
signal coming from the sensor itself. 
Biochar powder reached a remarkable electrical conductivity of up to 103 S/m with a highly 
ordered structure compared with its precursor. 
The silicon-based sensor works using a mechanical deformation, produced by a simple pressure 
applied with the fingers of a hand. Biochar-based piezoresistivity sensor can vary its electrical 
conductivity in function of fingers pressure. The electronic board, by means of an appropriate 
LED, is able to show the variation of the current flowing through the composite. 
Biochar based polymer composite with piezoresistivity behavior was studied. We reported the 
use of thermally annealed biochar for the production of a fully reversible silicon-rubber 
piezoresistive material. The biochar based composite were tested for evaluating their 
piezoresistive behavior, and an optimum filler concentration of 25 wt % was used for the 
assembling of a real and functional electronic device based on biochar. 
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Polyurethane is one of the most versatile materials, with a global market of 65.5 billion dollars in 
2018. Concerning polyurethane foams (PURs), the reduced production of oil-based plastic 
materials, the design of bio-based composite PUR foams, using sustainable/natural fillers, is 
gaining growing attention. In this respect, this work presents a comprehensive design, 
characterization and chemical recycling of new bio-based composite polyurethane rigid foams 
starting from bio-based polyol, conventional MDI and diatomite/blast furnace slag as fillers at 
two different weight percentage within polyurethane matrix (5wt%, LPUR, and 40wt%, HPUR). 
Mechanical, thermal and functional properties of such systems have been investigated. PURs 
were recycled by means of aminolysis process, and the obtained dispersions were used for 
production of “second-generation” PUR foams. 
Two different bio-based polyols, distilled H2O as blowing agent, surfactants to stabilize the cells 
in the PUR foam, additives to control both polymerization and blowing reactions, were used. 
Fossil-based methylisocyanate (MDI) was used as main reagent. Diatomite and blast furnace slug 
were used as fillers. Pristine and composite PUR foams were produced by adding suitable 
amount of catalysts, surfactant, H2O and dried powder, where required. After mixing, a suitable 
amount of MDI was added and mixed. The resulting composite mixture was left to rise in a closed 
rectangular mould (10 x 20 x 6 cm3) at 40 °C for 2 hours before any characterization. A bio-
based-amine was used for recycling process. 
The produced foams were characterized by chemical, morphological, thermal and mechanical 
point of view. The occurred chemical reaction between the polyurethane precursors, by detecting 
the disappearing of the characteristic O=C=N vibration peak (at 2270 cm-1) associated to the 
isocyanate consumption inherent to the urethane linkages formation, were assessed by FTIR. 
From a mechanical point of view, the composites exhibited higher strength (σ, 0.30 and 0.40 for 
LPUR and HPUR, respectively) and elastic modulus (E, 10 and 12 MPa for LPUR and HPUR, 
respectively) with respect to pristine foam (σ = 0.21 and E = 6.5 MPa). 
The three foams were then chemically recycled by means of conventional bio-based-amine by 
employing aminolysis process. The obtained recycled solutions were used to produce second 
generation bio-based PUR composites reinforced with diatomite. The recycled dispersions 
contained mainly NH-terminal groups, thus the MDI component was considerably reduced 
(15wt% of MDI was replaced by the depolymerized dispersion). 
This research was supported by EU (Horizon 2020 research and Innovation Program), BIOMAT 
project (GA number: No 953270) and by the European project H2020-BBI-JTI-2017 (BIO BASED 
INDUSTRIES PP), REINVENT (GA number: No 792049). 
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Packaging producers are moving towards paper-based packaging for its circularity compared to 
polymeric packaging. Aiming to reduce non-cellulosic content, the industry is looking at 
dispersion coatings (DC). However, DC provide either barrier or heat-sealing properties, 
according to the specific formulation. This contribution investigates commercial DC blends with 
polyvinyl acetate (PVA) and its effect in terms of barrier and heat-sealing properties. 
A white top kraft liner (KB) and coated white top kraft liner (KP) substrates were rod-coated (12 
μm wet film thickness) with barrier (SA-B) and heat-sealable (SA-HS) commercial coatings and 
SA-B:SA-HS blends. PVA, currently used as adhesive, was then blended with SA-B. The samples 
were tested to water absorptiveness, moisture, and grease barrier properties. The samples were 
also heat-sealed and tensile tested. 
Applied on KB, SA-B showed best water and moisture barrier properties, and conferred grease 
resistance to KB where the original material didn’t have any. SA-HS performed badly in all 
barrier tests, whereas SA-B:SA-HS blends reached quite interesting values. PVA, on the other 
side, reached poor water barrier (higher than uncoated paper, due to film water uptake), yet 
maintaining satisfactory moisture barrier (WVTR <30 g/(m2∙day)) and especially excellent grease 
barrier. Grease resistance increased in all cases for KP substrate, to which SA-B conferred 
particularly good water and moisture barrier properties. SA-HS and PVA are heat-sealable, but 
only on KB substrate. PVA reaches seal resistance >30 % compared to SA-HS. 
Being a water-soluble polymer, it did not surprise that PVA worsened the water barrier 
properties. Nevertheless, the use of PVA instead of SA-HS showed better water vapour barrier 
properties, allowing for potential broader use in application for dry, moisture sensitive content. 
On KB, grease barrier property for SA-B and SA-HS seems to be still very limited, whereas PVA 
proved to be a better solution. However, the results showed that another important factor in 
grease barrier is the substrate porosity (the lower, the better). As for heat-sealability, despite 
KP lower substrate porosity, the original top-coating led to a peel-off phenomena at the 
substrate-DC interface, possibly due to a low interface bonding. Being soluble, PVA may help in 
the recycling process by reducing the reject amounts; still, this is to be evaluated in future 
works. Future work will also include PVA grades for direct food contact 
 
 
 
 
 
 
 
 

 
 

              P 51 



POLY (HEXAMETHYLENE 2,5- FURANOATE) FILMS CONTAINING 
NATURAL EXTRACTIVES FOR ACTIVE AND SUSTAINABLE FOOD 
PACKAGING 

 
Massari D1, Guidotti G2, Gigli M1,3,4, Soccio M2, Siracusa V5, Crestini C1,3,4, Lotti N2 
 
1Department of Molecular Sciences and Nanosystems, Ca’ Foscari University of Venice, Venice, 
Italy 
2National Interuniversity Consortium of Materials Science and Technology (INSTM), Florence, 
Italy 
3Department of Civil, Chemical, Environmental and Materials Engineering, University of Bologna, 
Bologna, Italy 
4Italian Research Center for Colloids and Surface Science (CSGI), Florence, Italy 
5Department of Chemical Sciences, University of Catania, Catania, Italy 

 
The increasing demand for healthy foods with longer shelf-life is leading to develop innovative 
packaging systems. In this context, polyesters based on 2,5-furandicarboxylic acid have attracted 
interest since they display a biobased character with superior mechanical and barrier properties 
with respect to the existing packaging materials. In this work, to confer antioxidant and 
antimicrobial characteristics, additives derived from lignocellulosic biomass have been added. 
Poly(hexamethylene 2,5-furanoate) (PHF) was synthesized by two step mass polycondensation 
and fully characterized from the physicochemical point of view. Waxy compounds and suberin 
were respectively obtained from Birch bark by dicholomethane extraction and methanolysis. The 
obtained products were characterized by NMR, FT-IR and GC-MS. 
Composite films were prepared by mixing the extractives (5 and 10%) with a PHF solution, 
followed by solvent casting and compression molding. The materials were subjected to 
morphological, thermal and mechanical characterization as well as to gas permeability (GTR) 
and antioxidant tests. 
PHF showed a Mn equal to 31800 g/mol and a PDI of 2.0. Waxy compounds (20% yield) and 
suberin (57% yield) showed Mw of 2600 and 500 g/mol respectively. Subering resulted highly 
depolymerized leaving an aliphatic and aromatic moiety mainly containing carboxylic acid 
groups compared to the waxy compounds mainly constituted of long aliphatic chains containing 
unsaturated bonds together with carbonyl, hydroxyl and epoxy functionalities. 
SEM analysis evidenced a good compatibility between matrix and filler. No significant variation 
was observed for the thermal properties, while an increase of the wettability and a modulation of 
the tensile behavior. GTR values measured for CO2 and O2 remained comparable to the pure PHF, 
thus significantly better than those of PET. Finally, the films showed an antioxidant activity, 
evaluated by the DPPH test. The results confirm the suitability for the fabrication of active 
packaging materials. 
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Lignin-based porous biomaterials have great potential for application in the medical and 
pharmaceutical areas of drug delivery, tissue engineering, dye removal. In parallel, ZnO 
nanoparticles have notable optoelectronic properties, high catalytic activity for chemical and 
biological species, strong antimicrobial properties, even if they tend to aggregate due to their 
high surface energy. To overtake this problem and improve nanoscale dispersion in porous 
polymers, the fabrication of ZnO nanoparticles by using lignin as a substrate has been 
considered. 
Lignin nanospheres (LNPs) were prepared by first dissolving kraft lignin in dioxane during 72 h. 
Self-assembly of the nanoparticles was achieved by adding ultrapure water at a specific rate in 
the supernatant. ZnO nanoparticles grown on LNPs (ZnO@LNP) were obtained by adding 
hexamethylene tetramine and zinc acetate dihydrate to the ultra-pure dioxane/H2O solution. 
PLLA tridimensional scaffolds were prepared by TIPS, by dissolving the polymer in the LNPs or 
ZnO@LNP suspension at a temperature above the cloud point (ca. 65°C) and removing the 
solvents by freeze-drying. The ability of different porous scaffolds (PLLA, PLLA/3LNP, 
PLLA/0,1ZnO, PLLA/3LNP/0,1ZnO, and PLLA/ZnO@LNP films) to interact with various proteins 
was investigated.  
Morphological analysis of produced nanoparticles showed that spherical LNPs were completely 
covered by the nanometric zinc oxide structures, with a size distribution in the range of 100 to 
250 nm. Experimental results also confirmed that a statistically significant increase in the 
adsorption capacity of PLLA/LNP-based polymer film surfaces was detected for all types of 
protein. LNP and, in particular, hybrids dispersed on PLLA polymer films improved the surface's 
interaction capabilities, implying a possible improved ability to interact with cellular proteins at 
the interface established between biomaterials and cells. In parallel to the possible use as 
scaffolds for cells growth, the ability of PLLA nanohybrids to adsorb and photodegrade 
methylene blue (MB) for dye removal purposes was monitored. 
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Several kinds of metal oxides have been successfully employed as photocatalysts for efficient 
degradation of pollutant species. Among the most investigated and employed materials are TiO2 
and the perovskite CaTiO3, characterized by low toxicity, cheap preparation and high 
photodegradation yields under UV radiation. In order to enhance the catalytic properties of these 
oxides, we found interesting to investigate the fabrication of a biomorphic TiO2/CaTiO3 
nanoparticles composites, doped with lanthanide or transition metal ions. The composites are 
prepared exploiting natural structures, as diatoms, which are supposed to enhance 
photocatalytic properties, for example in terms of active surface. 
Eu3+ doped biomorphic TiO2 was prepared by a facile sol-gel method using titanium(IV) butoxide 
and europium (III) nitrate in ethanol and employing a biological templating agent such as 
diatomaceous earth (silica shells). CaTiO3 perovskite sample was prepared with a hydrothermal 
synthesis, using titanium(IV) isopropoxide, and the metal nitrates as starting reagents. The 
synthesis was conducted at high pH values. 
Results and discussion 
The obtained TiO2 and CaTiO3 materials have been analyzed using Raman spectroscopy and X-Ray 
Powder Diffraction (XRPD). From the Raman spectra, a pure anatase phase was found for 
biomorphic TiO2. Analogously, a single perovskite phase was found for the CaTiO3 sample, from 
the XRPD patterns. 
Preliminary study on Eu3+ doped materials show a good emission in the red region, suggesting 
that the lanthanide ion has been incorporated in the TiO2 crystal structure. Metal incorporations 
in the TiO2 or CaTiO3 crystal structure could induce a shift of the absorption edge from the UV 
through the visible region, improving the photocatalytic properties under solar light illumination. 
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Cd2+ adsorption on cellulose is widely reported in literature, attributing the interaction mainly to 
electrostatic attractions between the negative charges of the deprotonated groups of this bio-
polymer and the positive charges of the ion. Interesting works on Silver Nanoparticles (AgNPs) 
interacting with Cd2+ can be found. Moreover, the use of AgNPs as sensors and for water 
decontamination is gaining increasing attention. On the other hand, problems related to the use 
of nanoparticles in the context of environmental contamination suggest the development of 
ecologically sustainable media to prevent undesirable eco-toxic effects. 
Due to the limited number of examples describing cellulose-AgNPs hybrids as Cd2+ adsorbents, 
in our work we decided to deeply investigate phenomena regulating this interesting interaction. 
Oxidized cellulose nanofibers were obtained from cotton linters, using TEMPO/NaClO/KBr as 
oxidizing system and running the reaction in water at room temperature. TOCNF were then 
decorated with AgNPs by dispersing the nanofibers in AgNO3 solutions and reducing Ag+ to Ag0 
in situ with NaOH as reducing agent. Cd2+ adsorption tests, conducted in an orbital shaker at 
room temperature for 24 hours, were carried out using solutions at 150 ppm concentration of 
metal in deionized water, using CdCl2 as salt. Materials were analyzed through XPS, XAS, ICPOES 
and FESEM techniques and further Cd2+ adsorption tests were conducted in presence of 
interfering cations, such as Na+ and Ca2+. 
XPS and XAS semi-quantitative analyses on cellulose-based samples were able to highlight 
negatively charged residues which could be the responsible for the efficient interaction with 
positively charged Cd2+ ions, suggesting a strong electrostatic sorbent-cation interaction, also 
underlining the role of Silver, since its presence is able to increase the exposure of the COO- 
groups involved in the adsorption process. These hypotheses were further confirmed by 
adsorption tests in presence of Na+ and Ca2+, which revealed a decrease in adsorption capacity of 
the material in the presence of large amounts of interfering cations. 
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preliminary characterization of the composite material manufactured by injection molding was 
carried out with a PA6,6 polymeric matrix and recycled carbon fibers (rCF) reinforcement, with 
the prospect of making a wire for 3D printing. Thus understanding if the addition of 
reinforcement can improve interlayer adhesion and obtaining a performing innovative composite 
through Additive Manufacturing. 
Standard PA6,6 specimens have been manufactured and characterized both neat and with 
reinforcement starting from BASF Ultramid 1000-11 NF2001 (dry) polymer through Thermo 
Scientific Process 11 single screw extruder, and Thermo Scientific Haake Minijet injection 
chamber Pro. The polymer has a density of 1.14 g/c3, a moisture content of 8.5% in equilibrium at 
Troom [1], a melting temperature of 257 °C. The recycled carbon microfibers are the result of a 
double recovery process, starting with pyrolysis from which long fibers are obtained, used to 
produce TNT fabrics and, subsequently, the waste obtained from this last process are shorter 
fibers that are ground in a ball mill. The powder obtained is the reinforcement used in our work 
which is extremely suitable for 3D applications. Therefore, rCF were previously characterized by 
SEM, EDX and density analysis with pycnometer. 
The reinforcement content of 5% and 10% within the polymer matrix has a significant effect on 
the mechanical properties of the material. The average values of Young's modulus and maximum 
force both in bending and traction were obtained. The neat specimens have a flexural stiffness 
and strength value equal to E=1,32 GPa, Fmax=61,21 MPa, tensile values equal to E=1,28 GPa, 
Fmax=56,43 MPa. An increase is visible from the results obtained by adding the microfibers, i.e., at 
bending E5%=1,98 GPa, Fmax5%=78 MPa, E10% =2,08 GPa, Fmax10%=75 MPa and traction equal to E5%=2,03 
GPa, Fmax5%=58,7 MPa, E10%=2,16 GPa, Fmax10%=59,7 MPa. From scanning electron microscopy of 
reinforcement emerged fragments of carbon fibers with a very varied grain size with an average 
value of 31.26 μm, due to the recycling and crushing processes of the original material. 
Furthermore, the surfaces are sprinkled with adhered matrix residues. 
The focus of our work is on the recycling of end-of-life carbon fiber and reusing them in a 
sustainable 3D printing process. It was shown that the recovered microfibers can be effective in 
enhancing the structural stiffness of the material. The SEM images showed traces of polymer on 
the surface of the fibers, a phenomenon that can allows for favorable interaction between the 
molecules of PA6,6 and polymer. The density tests on composite specimens manufactured by 
injection molding have shown a considerable loss of reinforcement in the machinery, going from 
5% by weight inserted into the extruder to 3% of the actual reinforcement. This is a problem that 
undoubtedly needs attention. 
 
[1] Scheda Tecnica BASF Ultramid® 1000-11 PA66 
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Glycerol is the principal by-product of several chemical industries, in particular the biodiesel 
one, for which the growing production of this chemical represents a problem. Thus, the 
conversion of glycerol into other valuable chemicals is an interesting alternative to its traditional 
uses. A promising process to convert glycerol is the oxidation of its hydroxyl groups, aiming to 
obtain partial oxidation products like dihydroxyacetone (DHA), glyceraldehyde (GLAl), and 
several carboxylic acids of industrial relevance. Many studies on catalytic oxidation of glycerol 
have dealt with precious metal-based catalysts with oxygen as the oxidising agent. This work 
focuses on an alternative path, using non-precious metal-based (Cu, Fe) catalysts and hydrogen 
peroxide as the oxidising agent. 
Cu2+ and/or Fe3+ were ion-exchanged on X, Y, ZSM-5, and BEA zeolites, either in sodic or protonic 
form. The catalysts were tested in a batch reactor at 60 °C for the aqueous-phase oxidation of 
glycerol with hydrogen peroxide at different concentrations (1 – 10 wt%). After selected reaction 
times the solutions were analysed by HPLC. The catalysts were characterised by XRD, nitrogen 
physisorption, ICP-AES, adsorption microcalorimetry, and TGA. 
Zeolites granted higher glycerol conversion than the thermal reaction; the presence of metal 
ions increased the glycerol conversion regardless of their nature, while a higher selectivity 
towards desired products (i.e., DHA and GLAl) was generally observed for the Cu-containing 
zeolites. Although conversion increased with reaction time, lower selectivity to desired products 
was observed. Compared to the sodic ones, better performance in terms of glycerol conversion 
was obtained with protonic zeolites. 
The results suggested that H2O2 rather than glycerol is preferentially activated by both bare and 
ion-exchanged zeolites, with a concomitant effect of acid and redox sites. Furthermore, 
hydrophobicity of the zeolite surface also seemed to play a role in enhancing the catalytic 
performance. The increase in glycerol conversion was found to decrease selectivity and yield to 
desired products. However, on the best catalysts, these parameters seem to be improved by 
optimization of both reaction time and H2O2 concentration.  
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A considerable attention has been drawn by nanomaterials as adsorbents in the decontamination 
of wastewater from heavy metals. Their small size allows a low resistance to mixing, but also 
represents a limit for their final separation from the aqueous mixture, potentially turning them in 
additional pollutants. Adding properties such has magnetism to the nanoadsorbent allows the 
implementation of magnetic separation. Among magnetic materials, iron oxide is naturally 
abundant in the forms of magnetite (Fe3O4). However, even if magnetism increases the 
separation yield of magnetic nanoadsorbents, their complete separation from the aqueous 
matrix is still difficult. This issue can be partially solved by supporting the nanoparticles onto 
materials with high surface area but with at least one non-nanometric dimension. Among 2D 
nanomaterials, graphene oxide (GO) is an ideal candidate thanks to the presence of functional 
groups on its surface. 
The nanoadsorbent used in this work is based on graphene oxide decorated with magnetite 
nanoparticles (MNP). It was synthesized by taking advantage of the high surface area of GO and 
the cost-effective one-step coprecipitation method to prepare MNP. This method makes use of 
inexpensive iron(II/III) salts (e.g. chlorides) and a strong base to decorate a dispersion of 
graphene oxide in water at room temperature. The nanoadsorbent was characterized and tested 
on three different pollutants: Cr(III), Ni(II), and Cu(II) with different starting concentrations (in the 
range 400-6000 μg/mL), from which adsorption isotherms have been proposed. 
Concerning the characterization, the nanocomposites are composed of a few sheets of GO with 
bounded magnetic nanoparticles which are not evenly distributed in the GO surface but tend to 
form aggregates closer to the sheet’s borders, leaving wide sections of the surface areas of GO 
free for adsorption. The efficiency steadily increases with the increase of the initial 
concentration. Copper(II) possesses a significantly greater compatibility with the studied 
nanocomposites. The Langmuir adsorption model shows a very good agreement with the 
experimental data. 
The synthetic process is inexpensive, mainly based on graphene oxide and iron oxides. The 
proposed magnetic nanoadsorbent showed a good removal efficiency even using very different 
mixtures of Cr3+, Ni2+ and Cu2+ and the predictions using a competitive Langmuir model were 
confirmed by the experimental tests. The results highlighted the prevalence of monolayer 
adsorption as the controlling mechanism for the nanoadsorbent tested. 
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The development of new techniques for managing wastes is one of the major issues in 21st 
century to avoid exhausting natural resources that are depleted abundantly with growing 
population. The use of recycled materials with a low environmental impact is an effective 
solution to achieve significant reductions in the ecological footprint of construction activities. The 
purpose of this work is to discuss the concrete possibility of a sustainable procedure to produce 
artificial lightweight aggregates through the cement-based cold-boding granulation process. 
Washed fly ash (MSWI-FA), Ordinary Portland cement (OPC) along with granulated blast furnace 
slag (GBFS), were used in the preparation of the mixtures for the production of artificial 
aggregates (LWA). In single-step granulation, MSWI-FA was present at 75%, while the mass of 
OPC and GBFS were 15% and 10% respectively. In addition to the traditional single-step 
granulation, a double-step granulation was added. The quantity of components for double 
granulation, instead, was set at 15% OPC, 25% GBFS and 60% marble sludge (MS). A laboratory-
scale granulation apparatus was employed for the manufacture of granules. 
The granules were tested from technological point of view through the determination of dry 
density and water absorption capacity (WAC). The results are consistent with the typical WAC 
values of commercial artificial aggregates. The density value allows to classify the aggregates 
produced as lightweight aggregates. The granules produced were tested to determine the 
mechanical properties. Specifically, the impact test and the compression test were performed. 
The impact test shows that the granules can be employed as filling of road pavements. The 
compressive strength recorded was 3.73 MPa and 3.97 MPa for single and double step 
granulation process, respectively. 
The comparison between the granules produced by single-step and double-step cold-bonding 
granulation process showed the advantage of the second shell, which improved both the 
physical-chemical and the mechanical properties. The results of the impact test showed that all 
the granules are suitable as fillers for road paving. The greatest compressive strength recorded 
was 3.97 MPa for double step granulation process. Finally, the density value allows to classify 
the aggregates produced as LWA. 
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Sustainable and bioderived furanoate polyesters are emerging as promising substitutes for 
petrochemical-derived polyesters that are applied, mainly, in packaging and biomedical 
applications. This work aims at studying furanoate based polyesters such as the poly(butylene 
furanoate) (PBF) and poly(pentamethylene furanoate) (PPeF) that have very similar chemical 
structures but remarkably different physical and mechanical properties. Further studies are 
needed to provide a more comprehensive understanding of PBF and PPeF properties as 
electrospun mats. 
The main factors considered fundamental, in this work, to produce PBF and PPeF nanofibrous 
mats at 20ºC and 45% of humidity by electrospinning regard: i) viscosity and concentration of the 
spinning dopes, ii) volatility and miscibility in water of the solvent, iii) solubility of the polymers 
in different solvents (HFIP=H, DMF=D, CHCl3=C), iv) extrusion rate and voltage and v) thermal 
stability of the polymers. A detailed analysis through ImageJ software of the images acquired by 
FESEM analysis allowed the screening of the best spinning conditions of PBF and PPeF that was 
based on the evaluation of i) the absence of beads and ii) the fibers' homogeneity, in terms of 
uniformity of the diameter among the fibers, possibly achieving submicron diameters to produce 
films with a high superficial area. Moreover, the contact angle was also evaluated on the 
optimized PPeF and PBF mats to measure the wettability of the surfaces. 
From DSC analysis, the as-synthetized PBF and PPeF showed a Tg near the room temperature, at 
33°C and 17°C respectively. The FESEM images showed that the PPeF mats derived from PPeF 
solution in H revealed a higher amount of fused and interconnected fibers than PPeF solutions in 
D/C in ratio 1:5. The PPeF mats formation were possible only at specific conditions: 0.2 g/mL of 
PPeF, 24 kV, 0.1 mL/min in a solvent mixture of D/C in a ratio 1:5 or 0.05 mL/min in H. On the 
other hand, the PBF mats showed smooth and homogeneous distribution of fibers obtained at 
0.11 g/mL, 24 kV, and 0.01 mL/min in a solvent mixture of H/C in a ratio 1:1. The CA analysis 
highlighted a higher PPeF mats wettability than PBF ones. 
The low Tg and solvents mixture influence significantly the morphology of the fiber webs 
affecting the physical and mechanical properties of the mats. Indeed, PPeF mats showed rubber 
like behaviour and a higher wettability compared to PBF ones, which result less stretchable 
might be due to its semicrystalline nature. 
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The aim of this research project was to evaluate the possibility of reusing foundry sands from the 
production of cast iron as a second raw material in the production of building materials obtained 
by thermal (ceramic tiles and bricks) and cold (binders such as geopolymers) processes, 
promoting a reduction of the amount of quarry sand currently required by the industries. 
Samples for porcelain stoneware and bricks were produced, replacing the standard sand 
provided for the mixtures by foundry sand, in the percentages of 10%, 50% and 100% by weight. 
For geopolymers the sand has been used as aluminosilicate precursor, not as aggregate, in 
substitution of metakaolin to obtain geopolymer pastes. 
A characterization of two foundry sands was performed in terms of chemical composition, 
particle size distribution, mineralogical analysis, morphological and microstructural 
characterization. Ceramic samples with sand were characterized by tests of linear shrinkage, 
water absorption, colorimetry, morphological analysis and microstructure (optical microscope, 
SEM, XRD), mechanical resistance and release tests. Geopolymers formulations were produced, 
with different ratios of Si/Al (1-3) and Na/Al (1), replacing various percentages of metakaolin 
with foundry sand, and evaluating the influence of the variation of the quantity of activating 
solution (NaOH and Na2SiO3). Samples were characterized to evaluate chemical stability, through 
measurements of pH and ionic conductivity, integrity in water, compressive strength and 
microstructural variation. 
The results obtained for ceramic materials with and without foundry sand were compared. They 
show that with an addition of 50% foundry sand not significantly change the chemical-physical 
properties of the materials compared to the standard model but fall within an acceptable range 
in terms of linear shrinkage, water absorption microstructural variations, mechanical strength. 
For geopolymers samples a 30% replacement of MK with foundry sand produced acceptable 
results in terms of chemical stability and mechanical strength. Finally, from the results of 
release tests, the values for all types of materials are within the limits provided by the 
legislation for landfill for non-hazardous, but not for landfills of inert materials. 
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In recent years, violent storms, wildfires and the proliferation of insects have become very 
common phenomena leading to severe damage to forest ecosystems. Furthermore, repopulating 
the forests has become an even more difficult task as rainfalls are less and less frequent in 
many European areas. The goal of the research is therefore the development of two different 
innovative engineered biodegradable composites, a topsoil cover (TSC) and a soil conditioner 
(GSC) which, thanks to their water regulation properties, can assist plants in their early years of 
life even under drought conditions. 
For the soil conditioner, hydrogel based on xanthan gum (a polysaccharide which is 
characterized by a remarkable water absorption capacity) and cellulose pulp were prepared. 
Topsoil covers were produced starting from the previous hydrogels and forming films, by 
esterification reaction which took place by crosslinking the xanthan gum chains with citric acid. 
Physical, rheological, water absorption and thermal analysis were performed. In addition, 
several practical experiments were carried out to evaluate the environmental impact of the 
materials on soil and on plant growth. 
Water holding capacity tests performed on TSC and GSC samples showed water absorption 
values above 1000% after few days. Moreover, soil treated with 1.5%wt of these composites 
increased the water absorption capacity by approximately 15% and, on the other hand, reduced 
the water evaporation rate. Practical experiments on plant growth showed that the introduction 
of these products in the soil led to an increase in the vegetation mass respect to untreated soil. 
Xanthan gum showed to be very suitable as a biopolymer matrix for the development of soil 
conditioners and topsoil covers due to its efficient water absorption capacity. The addition to the 
soil of hydrogels based on xanthan gum enhanced the ability of the soil to retain the water, 
which is provided to the plant more gradually respect to the untreated soil. For this reason, 
plants cultivated in treated soil have grown more luxuriantly than those planted in untreated 
soil. 
This project received funding from the EU’s H2020 research and innovation program under grant 
agreement 101000406. 
 
 
 
 
 
 
 
 
 
 

 
 

              P 62 



EVALUATION OF THE ENVIRONMENTAL IMPACT OF A PLASTIC 
SPRAYER THROUGH LCA APPROACH: AN INDUSTRIAL CASE 
STUDY 

 
Valentini F1,2, Dorigato A1,2 
 
1University of Trento, Department of Industrial Engineering, Trento, Italy 
2National Interuniversity Consortium of Materials Science and Technology (INSTM), Florence, 
Italy 

 
Plastic sprayers are complex objects, made of several components that need a very technical 
and precise production process in face of a short lifetime in comparison to other plastic 
materials. This Life Cycle Assessment aims to evaluate the environmental impact of trigger 
sprayers which are used for the distribution of liquid detergents for household cleaning 
operations. 
A trigger sprayer is an object designed to release a specific amount of the liquid present in the 
container. The functional unit of the process is one trigger sprayer. Primary data regarding core 
processes and the distribution of the sprayer were directly provided by the producer. Data are 
referred to the year 2019. Background data were taken from the Ecoinvent v. 3.5 database. In 
few cases the Industry Data 2.0 Database was used. The environmental impact assessment has 
been evaluated using the EPD 2018 method (v1.04) and included 8 impact categories. 
From the results of the study three main contributors to the overall environmental impact can be 
identified: the polypropylene components, the electricity consumption and the end-of-life stage 
of the sprayer and related packaging. The substitution of polyoxymethyle with polypropylene 
reduces the impact according to the water scarcity category of 35 %. The use of recycled PP 
material instead of the virgin one allows a modest reduction of the total contributions for each 
impact category: from 1 to 18 %. The use of renewable resources allows a strong decrease of the 
total contribution for each impact category: from 11 to 54 %. The combination of the three 
proposed variants leads to a carbon footprint of 0.0771 kg CO2 eq, with a reduction of around 
23%. 
In order to further improve the environmental performance of this product a twofold strategy 
should be followed: from one side the implementation of technologies able to produce the same 
components using only recycled material and on the other side, closely linked to the first one, 
the enhancement of a sorting and recycling supply chain able to provide high-quality recycled 
polymers. 
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The problem of water resource pollution due to heavy metal ions and organic molecules, such as 
pesticides, has not been resolved yet. In this context, the synergic combination of TiO2 
nanoparticles (NPs) photocatalysts and adsorbent materials, such as silica and graphene oxide 
(GO), is promising for the development of multifunctional nanocomposite materials for 
wastewater treatment. Considering the rising interest towards circular economy, the 
employment of waste materials as an alternative component is also investigated. 
For the preparation of silica-titania hybrid materials, a water suspension of SiO2 NPs or 
aluminosilicate clay was treated with an acidic solution of titanium isopropoxide in ethanol, 
followed by a thermal treatment to obtain anatase titania. In addition, a by-product of TiO2 
manufacture, namely tionite, was investigated as a sustainable option. Tionite was obtained by 
treatment with concentrated H2SO4 at 100 °C of ilmenite (FeTiO3). The residual mud was then 
recovered and neutralized with Ca(OH)2. Preliminary photocatalytic tests were conducted on 
tionite by studying the UV-vis absorption decay of methylene blue. Then, nanocomposites 
combining tionite and GO were prepared. 
TiO2@silica-based-materials were characterized by infrared, Raman and reflectance 
spectroscopies and X-ray diffraction that confirm the combination of the two materials while 
TEM microscopy shows the anchoring of TiO2 NPs on the support. On the other hand, tionite 
characterization shows mesoporous NPs with various shapes made of a combination of TiO2, with 
the prevalence of the rutile phase, aluminosilicates, and a significant amount of CaSO4·2H2O. The 
photocatalytic test on tionite did not provide significant photodegradation yields, whereas its 
combination with GO was successful. 
The effective combination of TiO2 and silica-based materials provided a promising 
multifunctional material with both photocatalytic and adsorbent properties. Tionite composition 
and morphology suggest its feasibility as a substitute for the aforementioned materials in 
wastewater treatment, despite purification processes being required to improve its photoactivity. 
The following step will focus on the complete photocatalytic and adsorbent properties evaluation 
as well as the combination with GO of all the synthesized materials. 
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